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ABLABES, a genus of Colubrine snakes, the species of which 
have an extensive geographical range. There are several 
species in the Himalaya Mountains, which are interesting on 
account of their mode of distribution, different species charac- 
terising different horizontal zones. Thus A. collaris occurs in 
the plains at the foot of the Himalayas, but is not met with 
higher than 3400 feet up its flanks. A. Mappii has not been found 
below about 5000 feet A, Owenii, whicn was formerly consi- 
dered to be a distinct species, is now known to be the young of 
A, Rajffjni, The adult differs from the young as regards colour. A. 
Rappii is uniformly blackish on the upper surface ; while A. Owenii 
is greyish brown, with a broad black collar and some black 
transverse blotches. In both, the under parts are of a uniform 
yellow. The length of A, Rappii is 16 J inches ; that of A, Owenii 
only 7f inches. There are seven other species described in Dr. 
Giinther's Monograph on the Reptiles of British India, pub- 
lished by the Ray Society. Still more recently ('Annals of 
Natural History,' 4th senes, L p. 417) the same author has 
described a new species, A, bistrigatus, from Pegu. There are 
three species living in Palestine, viz.. A, coronelut, A. modestuSj 
and A, decemlineatua. Nova Scotia also has a representative of 
the genus in its A, punctatus, 

ABRAZITE, a mineral belonging to the zeolite family. Its 
composition according to the unitary system of notation, is 8 
(Ca KO Si 0,) + 4 Al, 0, Si 0, + 18 H, 0. It is of a greyish 
white colour, transparent or translucent, and easily soluble in 
acids. It occurs (frequently with phillipeite) in quadratic 
octahedrons, which are sometimes separate, and sometimes 
aggregated into mammillated masses, it has been found in 
cavities in lava at Capo di Bove, near Rome, on Vesuvius, and at 
Aci Castello in Sicily. Hardness, 4*5 ; specific gravity, 2*265. 

In the mineralogical articles of this Supplement the chemical 
formulae wUl be expressed, imless otherwise stated, according to 
the unitary system of notation. In many instances two formulro 
will be given, the one being that assigned to it in Watt's 
* Dictionary of Chemistry,' and the other a shorter mode of ex- 
pression adopted here on account of its simplicity and con- 
venience. Thus the short expression of the formula given 
above is Ca : Al. Si 0^ -+- 2 H, 0. Both correspond to the 
same per-centage composition which in this case would be as 
expressed in column 1, while the result obtained by actual 
analysis by Marignac is shown under column 2. 



Silica . 
Alumina 
Lime . 
Potash . 
Water . 



33-3 
31-4 
155 



20 



35*88 
27-23 
1312 
2-85 
21*10 



If the water be excluded, the proportions of the other ingre- 
dients are the same as in anorthite, a felspar which, like abrazite, 
is met with in the cavities of old lava flows. 

ACADIOLITE, a variety of chabasite [Chabasite, E. C. and 
E C. S.l. 

ACALEPH-^ [E.C. voL i. cols. 23—48]. The great bulk of the 
supplementary remarks which we have to make respecting this 

NAT. HIS. DIV. — SUPP 



group will be found under Htdrozoa, E. C. S. ; but a few lines 
may oe given here in order to contrast the present state of our 
knowledge with the general ideas contained m the old article. 

The Old article affords a good illustration of the confusion 
which results from the incomplete examination of animals, 
which is, unfortunately, sometimes thought to be sufficient to 
give an observer a right to name a species. Under the article 
Htdrozoa, E. C. S., is indicated how former observers have 
referred to corresponding parts of the different species as being 
sometimes behind, sometimes in front, sometimes uppermost, and 
sometimes lowermost, although in reality these may m every case 
have the same relative position to the other parts of the animal. 
The difficulties under which the knowledge was obtained may 
be a pardonable excuse for the error, but nevertheless the 
error was none the less a source of confusion. It was much the 
same as if a student of the Vertebrata were to call that part 
the back which was generally farthest away from the ground, 
and to describe the sloth as having its legs situated on its dorsal 
side, because it generally travels in the position shown in the 
article Bradypus, E. C. vol. i. col. 646; or to refer to the inflated 
spiny-covered stomach of the sun-fish as being its back, because 
it is usually uppermost. Such mistakes womd not be made by 
anyone who had carefully studied the structural plan upon 
which these creatures have been formed, or who had acquired a 
fair knowledge of the changes of slume through which the indivi- 
duals of a species pass between their birth and ultimate decay. The 
neglect to acquire the latter kind of knowledge before imposing 
specific, generic, and other names upon the specimens found, has 
given rise to many of the misconceptions in the Cyclopedia 
article. The genera there noticed are for the most part described 
and figured as though they were independent forms, although 
they are simply the adult states or reproductive zooidjs of other 
zooids, which have other generic names, and many of which 
are grouped under the suborder Hydroida of Johnston. For 
example, under Hydroida, E. C, there is mentioned a genus 
Goryne, and under AcALEPHiB another genus Oceania, Accord- 
ing to the classification, the two names do not belong to the same 
class nor even order of bein^, although we now know that 
some species of Goryne are simply Oceania at an early stage 
of development. The mistake would be paralleled if an ento- 
mologist were to classify butterflies in one order and their 
caterpillars in another. Another source of confusion has been 
the raising to generic distinction the separated halves of many of 
the Diphydce, In the Cyclopcedia it will be noticed that this 
family is divided into two sections, under one of which are 
grouped the so-called mono^tric genera, and imder the other 
those which have two distmct cavities. Many of the former 
are known to be, while probably all are, the detached portions of 
zooids of the polygastric diphydse. At present it is not known 
to what genera they are to be assigned, so that for the present it 
has been proposed to call them Diphyo-zooids until more accurate 
information shall enable us to discard the generic names wliich 
they now bear. For instance the Guboides vitreus, Galpe pen- 
tagonoy Abyla trigonal Pyramis tetragona of the Cyclopaedia, 
the representatives of four genero, are probably fragments and 
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different states of one and the same species — Abyla pent<igona. 
Notwithstanding all we have said, there still remains much in 
the article worth consideration. The figures are for the most 
part fair representations of the objects they are intended for, 
although in one or two cases they do not quite express the 
appearance of the living animals, from having been drawn 
probably from specimens preserved in spirits of wine : as, for 
instance, the figure referred to Physattu pelagicua^Physalia 
pelagica. The descriptions are correct if care be taken to assign 
the proper names to the parts described, which may be ascer- 
tained Dy reference to Hywiozoa, E. C. S. We may notice 
that Noctiluca and Doliolum do not belong to the AcaUphct: 
the former appertains to the Infusoria, and the latter to the 
MoUuscan suo-kingdom. Other genera are also now assigned to 
other places in the classificatory system : thus Beroe, Gatymma, 
CaUianira, and Cestwm, are all members of the order Ctemphora 
in the allied class Actinozoa, 

ACANTHODES. The information in E. C. concemmg tlus 
genus consists of a few facts scattered amongst several articles in 
Bie followine places, viz., E. C. vol. i. coL 49 ; iL 28 ; 825 ; and iv. 
col. 160. The genus is an interesting one, inasmuch as it pre- 
sents a combination of characters which are subdivided, and 
distributed amongst several orders of existing fishes. All the 
species have an 3ongated form, a strongly heterocercal tail, a 
large pendent beUy, and a prominent lower iaw. The body is 
coveted wi^ exceedinglv minute rhomboidal plates, in simple 
apposition with one another, and not interlocked together. Tney 
possessed lai^e pectoral fins, and a well-developed caudal fin ; 
also dorsal, a^al, and ventral fins, the Isst being generally very 
small, and, indeed, it is seldom that any signs of them are to be 
detected in most fossil specimens. The anterior margin of most 
of the fins are strengthened by long stout spines. In manv cases 
the spines are broad, scimitar-shaped, and provided witn deep 
grooves. The pectond spines, which are the largest, are aiidcu- 
hied to the strong T-shaped coracoids, a peculiarity said to be 
characteristic of Acanthodes, and those genera which with it con- 
stitute the AccmthodidcB, Although numerous specimens have 
been discovered, not one has had the anterior jMirts of the fish 
well preserved. Generally the head is represented by a mere 
impression, without any distinct traces oi ossified parts; but 
occasionally a few of the bones are to be seen so crushed and dis- 
located, that it is difficult to form a correct idea of their relative 
positions and the general form of the head. The head would 
seem to have been broad and depressed ; the skeleton cartilaginous ; 
and tlie brancMas unprotected by any opercular covering. The 
preservation of the specimens is mainly due to the body having 
Deen covered with dermal scales of gonoin. The species varied in 
size from less than an inch to probably nearly three feet in length ; 
and flourished in the waters which formerly occupied the area of 
Western Europe from the period of the Old Rea Sandstone up 
to the Permian, or the close of the Paleeozoic epoch. A, MitcheUii 
occurs in the lower part of the Old Red Sandstone ; A, coriaceus, 
A, Pe€tchii, and A, pusillus are found in the middle part of the 
same formation ; and none of the four appear to have been yet 
discovered out of Scotland. A. Brannii abounds in the nodiues 
of carbonate of iron in the coal measures of Belgium, and is 
associated with Afnblvpterus macropterus, specimens of which 
may be gathered in hundreds. A, sulcatus occurs in similar 
nodules in the coal measures near Edinburgh. A, Wardi, and 
probably several other species not yet described, have been found 
m considerable numbers in the coal measures of North Stafford- 
shire. Lastly, A, qraoUis is reported from the Permian strata at 
Klein Neudoif. I'here are several circumstances connected with 
these fishes, such as the stratigraphical mode of occurrence, and 
the scantiness of the dermal armour, especially about the head, as 
compared with aUied genera, which indicate that most probably 
all me spedes were inhalntants of fresh waters. The general 
form of tne body, the depressed head, and other features, remind 
one not a little of the SuunuglanUy which dwells at the present 
day in the rivers of Western Europe. The genus SUurxu belongs 
to quite a different order from Acanthodes ; still it is interesting 
to find certain external characters possessed by genera which 
probably differed widely in physiological structure. 

(Agassiz, Poissons Fossiles, u. p. 19 ; Egerton, Q, J, OeoL Soc, 
xxii. p. 468.) 

AGANTHOPHIS [E. C. vol. L cols, 49, 50]. This genus of 
snakes, which until lately was only represented by Australian 
species, has recently been discovered in the Isle of Ceram. A, 
arUarctica is very common near Sydney, and has been met with 
in almost every part of Australia. A, cerasHnus is also Austra- 
lian, but its range is probably very extensive, since specimens 



have been discovered in Ceram which differ from those of Aus- 
tralia in colouration only. Dr. Giinther regards the Ceramese 
individuals as forming a variety only of A, cerastinus, 

ACANTHOPTERYGII [E. C. voL i. col. 50]. Professor Owen 
recognises ten orders of fishes, of which the Acanthoptery^ con- 
stitute the fifth. He divides it into two suborders, viz., the 
Pharyngognathi and Acanthopteri wri, and 19 families, most of 
which are the same as proposed by Cuvier. One of the most 
recent classifications of tne order is that of I>r. Giinther, which 
we subjoin. His definition of the order runs thus : — Part of the 
rays of the dorsal, anal, and ventral fins not articulated, forming 
spines. The inferior pharyngeal bones separated. Air bladder, 
if present, without pneumatic duct. Prolessor Owen adopts the 
same definition, but has in addition : endoskeleton ossified ; 
exoskeleton in most as ctenoid scales ; ventral fins, in most, 
beneath or in advance of the pectoraL In Dr. Giinther's synopsis 
(* Catalogue of the Fishes in the British Museum,* voL 3), the 
Acanthopteri veri are arranged in five great groups. 

I. 

A soft dorsal and an anal fin. Vent remote from the extremity 
of the tail and behind the ventral fins, if they are present. 

First Division. Acanthopterygii perciformes. 

Body more or less compressed, elevated or oblong, not elongate. 
No prominent anal papilla ; no superbranchial organ. Dorsal 
fin, or fins, occupying the greater portion of the back ; spinous 
dorsal well developed, generally with stiff spines, of moderate 
extent) rather larger than, or as long as the soft ; (exceptions — 
Khypticiu, Centrarchtu aparoides; Myperoglypha) ; the soft anal 
sinmar to the soft dorsal, of moderate extent, or rather short ; 
(exceptions — Haplodactylus, some species of Chilodactylvs, Latia), 
Ventrals thoracic ; always present, with one spine and with five 
or four rays well developed. 

I. Ventral one-fifth, rarely one-fourth ; no bony stay for the 

preoperculum. A lateral line. 

A. Lateral line uninterrupted (except in Arnhams interrupta 

and buruensis) ; neither trenchant teeth nor molurs ; 
no barbels at the throat. Lower pectoral rays 
branched, 
a. Teeth on the palate (except in Prionodes) ; ventral fins 

not scalv Percidce, 

h. Palate tootluess (except in some species of Therapon) ; 
body oblong, or, if elevated, with the ventral mxa 
scaleless ... . . Pristipomatidce, 
c. Ventral fins scaly ; body elevated, or, if oblong, with 
setiform teeth in the jaws, or vdliform bands on the 
palate S^^mipennes, 

B. Lateral line interrupted .... Nandidce. 

C. A pair of moveable oarbels at the throat . MuUidar. 

D. Either a series of trenchant teeth in the jaws or molars 

on the sides Sparidct, 

E. Teeth of the jaws confluent into a cutting lamella . 

Hoplognathidar, 

F. Lower pectoral rays not branched ; neither trenchant 

teeth nor molars in the jaw . . . drrhitidoe, 

II. A bony stay for the an^le of the preoperculum, which is 

armed, the bone arising from the infraorbital ring • 

Scorpcenina, 

III. Lateral line absent ; a long spinous anal fin Polyuntrida, 

IV. Ventral fin with an outer and inner spine (1 — 4-— 1). 

Tcuthididcp. 

Second Division. Acanth. heryciformes. 

Body compressed, oblong or elevated ; head with large muci- 
ferous cavities covered with thin skin only. Ventral nns tho- 
racic, with one spine and more than five soft rays ; in Monoceniris 
with only two. It comprises but one family . . Berycidof. 

Third Division. Acanth, kurtiformes. 

One dorsal fin only, much shorter than the anal, which is long. 
No superbranchial organ. One family only . . Kurtidcc, 

Fourth Division. Acanth. polynemifarmu. 

Two rather short dorsal fins, somewhat remote frx)m each 
other ; free filaments at the humeral arch below the pectoral ; 
head with the muciferous system well developed ; aspect sciaenoid. 
This also has one family only . . . . Polynemidce. 

Fifth Division. Acanih, scuBtUformts. 

The soft dorsal is more, generally much more, developed than 
the spinous. No pectoral filaments ; head witn the muciferous 
system well developed. One family only , , jStewp ntdo?. 
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Sixth Division. Acanth, xiplmformes. 

The upper jaw is produced into a long cuneiform weapon. 
Contains but one lamily — Xiphiidce, 

Seventh Division. Acanth, trichinUformes, 

Body elongate, compressed or band like ; cleft of the mouth 
wide, with several strong teeth in the jaws on the palate. The 
spinous and soft portions of the dorsal fin and the anal are of 
nearly equal extent, long, many rayed, sometimes terminating 
in finlets ; caudal fin forked, if present. 

There is but one family Trichiniidof, 

Eighth Division. Acanth, cotto-scombriformes. 

Spines developed in one of the fins at least Dorsal fins either 
continuous or close together ; the spinous dorsals, if present, always 
short, sometimes modified into tentades or into a suctoriaJ disk ; 
soft dorsal always long, if the spinous is absent (except in Asphi- 
dopharoides) ; and similarly developed in the soft dorsal, and 
both genendly much larger than the spinous (except in some 
species of Agonus), and sometimes terminating in fijilets. Ven- 
trals thoracic or jugular, if present, never modified into an 
adhesive apparatus. No promment anal papilla. 

I. One aorsal fin, with several pxmgent spines anteriorly ; one 

or more bony spines on each side of the tail ; teeth 
compressed, truncated or lobated, closely set in a 
single series Acronuridce. 

II. Structure of the skeleton firm ; no bony stay for the pre- 

operculum ; teeth conical or triangular, if present 

A. The spinous portion of the dorsal present, sometimes 

rudimentary. Body compressed, oblong or elevated. 
Vertebrae JJ. Sometimes one or two less than 24 

Garangidce, 

B. Body elevated with two distinct divisions of the dorsal 

• -_ - . 10+a; ^ 

fin. Vertebrae , . " .... Cythna, 

U+y 

C. Dorsal fin without a distinct spinous portion ; head and 

body compressed. Vertebrae . 

a. Toothed processes extend into the cesophagus 

Stromateina, 

b. No teeth in the oesophagus . . . Coryphcenina. 

D. Two dorsal fins ; sometimes finlets ; caudalforked. 

Scales cycloid of moderate size. Vertebrae -7^-7 — . 
^ 14+y 

No7neina, 

E. Two dorsal fins ; either finlets, or the spinous dorsal 

composed of free spines or modified into a suctorial 
disk, or the ventrals jugular and composed of four 
rays. Scales none, or very smooth. . Seombrina, 

F. Body more or less elongate. A spinous dorsal or portion 

of the dorsal generally distinct, its spines being con- 
nected by a membrane ; finlets none ; caudal not 
forked ; ventrals composed of one spine and five 
soft rays. Pyloric appendages none^ or in small or 
moderate number. 

tr -X V 10 or lO+a; _ .... 

a. Vertebrae — ^— : . . . . Trachxmdas, 



h. Vertebrae J2 



14+y 
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... Malacanthida. 

G. The dorsal 'spines present, composed of a few pungent 

spines ; ventrals jugular ^ • • • BatradUdcB 

H. The spinous dorsal advanced on the head and more or 

less mocUfied into tentacles . • Pedicuiati, 

III. A bony stay for the an^le of the preoperculum, which is 

armed, the bone arising from the infraorbital ring. 

A. Body na^ed or covered with ordinary scales or incom- 

pletely cuirassed with a single series of plate-like 
scales • . . Cottma, 

B. Body completely cuirassed by bony keeled plates or 

BCides CataphracU, 

rV. Skeleton soft Gormephorido!, 

Ninth Division. Acanih» gobiiformes. 

The spinous dorsal, or spinous portion of the dorsal, is always 
present {Lucio^obius is an exception), short, either composed of 
flexible spines, or much less developed than the soft ; the soft 
dorsal ana anal of equal extent. Ventrals, thoracic or jugular, if 
present, composed of one spine, and five, rarely four, soft rays. 
A prominent anal papilla (except in Asteropteryx), 

I. Anal spines — 2 ; ventral fins. 



A. Ventrals entirely modified into a perfect disk adherent 

to the belly Diicoboli. 

B. Ventrals with the rays always distinct ; sometimes 

united into one fin GohUdxn. 

II. Anal spines six ; ventral fins none . . Oxudesddce, 

Tenth Division. Aca7ith, blenniiformes. 

Body low, subcylindrical or compressed, elongate, rarely 
oblong, as in Patueliis, Dorsal fin very long ; the spinous por- 
tion of the dorsal, if distinct, is very long, as well develop^ as 
the soft, or much more (except in Zoarees) ; sometimes the whole 
composed of spines only, ana more or less long : caudal subtruii- 
catea or rounded, if present ; ventrals thoracic or jugular, if 
present. 

I. Body band-like : no bony stay for the preoperculum . 

Cepolida, 

II. Ventrals jugular, J . . . . . Trichmotidce, 

III. A bony stay for the angle of the preoperculum, the bone 

arising from the infraorbital ring . HeteroUpidina, 

IV. Ventrals jugular (except in PsetuiobUnnius), composed of 

few rays, if present ; a prominent anal papiUa ; and 
spines none, or in very small number . JSUvmiida. 

V. Anal spines numerous .... Acanthochdnidof, 

VI. Ventrals none ; no prominent anal papilla ; body eel- 

like ; numerous free dorsal spines Mastaeentrelidct, 

Eleventh Division. Acanth, mugiliformes. 

Two dorsal fins more or less remote from each other ; the an- 
terior either short, like the posterior, or comj>osed of feeble 
spines ; ventral fins well developed, ^ abdoi 

I. Dentition strong. Vertebrae 24 . . . Sphynenidce, 

IQMx 

II. Vertebrae -— -; — . Dentition feeble or of moderate stiencrth. 

lO+y *^ 

Atherinida:, 

III. Dentition feeble. Vertebrae, 24 . . . MugUidas, 

Twelfth Division. Acanth, gasierosteiformeB, 

The spinous dorsal is composed of isolated spines, if present ; 
the ventrals have an abdominal position in consequence of the 
prolongation of the pubic bones, which are attached to the 
numeral arch. 

I. Ventral joined to the pubic bone, with a spine and with a 

few rudimentary rays . . . Qasteroiteidm, 

II. Ventral remote from the pubic bone ; with six soft ravs . 

Fisiulanadce, 

Thirteenth Division. Acanth, centrisd/onnes. 

Two dorsal fins, the spinous short, the soft and the anal of 
moderate extent Ventral fins truly abdominal, imperfectly 
developed. Centrimdw, 

Fourteenth Division. Acanth, gobiesociformes. 

No spinous dorsal ; the soft and the anal short or of moderate 
length ; situated on the tail ; ventral fins subjugular, ^, with 
an adhesive apparatus between them entirely absent. Body 
naked. 

I. An adhesive apparatus between the ventrals . Gobiesocida. 

II. Ventrals none Psychrolatidas, 

Fifteenth Division. Acanih, chamiformes. 

Body elongate, covered with scales of moderate size ; no spine 
on any of the fins ; dorsal and anal long. No superbrancnial 
or^an, only a long prominence on the interior surface of the 
epitympanic bone. 

Consists of one family only — GphiocephaUdce, 

Sixteenth Division. Acanth. lahyrinUvibranchiL 

Body compressed, oblong or elevated, with scales of moderate 
size. A superbranchial organ in a cavity accessory to that of the 
gills, for the purpose of retaining water. 

I. Dorsal or anal spines present ; sometimes in great number. 

Labyrinthici, 

II. Neither dorsal nor anal spines . . LtLciocephalidcc, 

II. 

Dorsal and anal fins developed. Vent in front of the ventrals. 
Only one fjEunily ApJiredoderidtg, 

III. 

Body riband-shaped with the vent near its extremity ; a short 
anal behind ^e vent ; dorsal as long as the body. 
Only one family Lophotidfe. 
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Anal aljsent ; caudal mdimentarj oi Dot in the longitudina] 
axis of the fish. Skelet«n soft 

Onljr one family with feeble dentition . TratihypUritUf. 

V. 

A soft doiml is abaent or quite rudimentAr^ ; ventmlB abdo- 
minal, composed of sevend inarticnlated and articulated rays, 

Only one family Notacanihi. 

ACHERONTIA. [Sphinoidjb, E. C] 

ACHIRITE, a Bynonym of Dioptase, a Bilicate of copper. 
WM eo named after Aclur Mamed, a Bucharian merchant. 

ACHROITE, a term for the colourleM Tourmalines. 

ACICULA (Hartmann, 1631), a genus of MoUutca belonging 
to the Older Pultnonota optrcalata, or those species wliich breathe 
air by means of lungs, and ore at the name time provided with 
an operculum. The ehell is almost imperforate, and of a subcr- 
Ijndrical form ; the margin of the ap^uie is somewhat thick- 
ened, and fonns a thin collar where it meets the previous whorl. 
The operculum ia thin, transparent, and contains but few 
whorls. As in the other genera belonging to the same family, 
viz., the 7Vuncat«Utifiz, the prohoscia is bilobed ; the tentacles 
are flat and slightly triangular ; and the eyes, which are sessile, 
ore utnated at the iiase of the hinder side of the tentacles. The 
species generally occur in moist or marshy localities, and are 
mostly restrictea to Europe. The known species number about 
twelve. There ia one living British species, viz^, ^. fatca, which is 
also found in the pliocene strata of Copford, Easei ; four or five 
species occur in France and Spain ; two have been met with in 
Algeria ; one in Sicily, and the others occur in Qenuany. One 
species Uvea on leaves in Vanicoro. This genus has some resem- 
blance to Oaimtlama, which is entirely reitricted to the New 
World. The term Aeieula has been applied to two other genera 
of MoU^aca ; Blainville used it for what is now called Aehatiiia; 
and Riaao for the genus which has since been named GcaUia- 

ACICDLITE, or lutdU ort, a native Sulphide of Bismuth. 

ACTIlf IAdJe. [Actibozoa, E. C. S.} 

ACTINOPHRYS, a genus belonging to the sub-kingdom 
Protiaoa, one form of which, A. tol, may be re^rded as the most 
characteristic type of the order Radiolaria, The Actinophrut is 
nsoally spherii^ in form, and between ^ and j^ of an incn in 
diameter. It is closely allied to the AmtAa [Au(xba, E. C. S.} 
both by its stmcture and mode of feeding, but differs from it in 
iral important particulars. The Actinofkryt apparently has 
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little or no power of spontaneously moving from place to place. 
It obtains its food by means of long processes, or paeudopodia 
radiatiDg from all parts of the body ; hence the name, A. tol, 
given Hi one species. The psendopodia are long and generally 
extended. When they are retractfrf, which happens but rarely, 
the AelinojATyi is undistinffuishable from an AituAa in a similar 
condition. The way in irfiich active animals are eanght and 
gradually drawn into the body of the Aetinopkryi has been 
detailed under Ispukobia, E. C. vol. iii. coL 239, 



ACTINOPHRYa a 

The Actinai>hry*, like the AmtdM, is not quite homogeneous ; 
it consists of^a fluid inner portion or cndotarc, and an outer 
firmer portion or eeUitai'c, which gradually merge into one an- 
other, so that they cannot be separated by any definite boundary 
line. The endosarc ia distin^ished by its greater fluidity, and 
by the coloured granular particles and vacuoles or dear spaces it 
contains. The pseudopodia arise from the ectosarc alone. When 
the food is ingested it occupies one or more of the vacuole^ 
where it is gradually digested, and incorporated with the general 
substance of the bouy. The process of digestion occupies some 
hout^ and while it proceeds the mass of the endoearc, with its 
included vacuoles, keeps up a slow circulatory movement. 

There is a well denned contractile vesicle. It consists of a 
pellucid vesicular spherical bodv, the central portion of which is 
occupied by a number of granufai particlea Its size varies, hut 
sometimes it is as much as one-thini the bulk of the animal itaelt 
It ia in constant motion ; at one time it m^ be scarcely 
visible, but if watched it may be seen to gradually rise until it 
projects as a rounded prominence beyond the line of the body, 
as intg. 1, C. When at its utmost expansion it resembles a soap 
bubble, and u readily distinguished By its transparency. Sud- 
denly it contracts, and resumes its Bmallest dimensions. This 
remarkable allemation of slow upheaval and rapid depression 
has been observed to continue with astonishina lesulari^ for 
hours tc«ether. The fluid with which it ia filled is probably 
propelled into the vacuoles. The vacuoles also eipejid and con- 
tract, but the contractile vesicle is distinguished from them by 
its constancy of position, its sharper outline, and the rhythmic^ 
regularity of its pulsations. Professor Clark says the vacuoles 
are true cells. 

But little is known respecting the methods of reproduction. 
Frequently, however, an Actiiiophnit may be seen to be so con- 
stricted about the middle as to resemble an hour-glass in form ; 
the connecting portion gradually thins until the two halves 
separate, each with its contractile vesicle. Certain appearances 
have been noticed by Ur. Carter, which may ultimately prove 
to be in some way connected with a true sexual process of repro- 
duction. These appearances consist of an aggregation of eta- 
nules in the vesicular [lortion of the contractile vesicle, which 
undergoes successive binary subdiviBions, and ultimately breaks 
up into segments. The segments acquire a globular form, which 
they retain until the granules of which tbey are composed 
are endowed with powers of locomotion, when they separate from 
each other. 

Aelinophry* forma the typical genus in the &mily Actino- 
phryno. The other genera differ somewhat from it in structure. 
Thus in Trichoditcui tlie pseudopodia are arranged in a single 
zone round the thickest portion of the body, which is spheroiaal 
in form. In Plaaiophryi they are develops at one portion only, 
the lemaindei ol the body oeing enveloped in a flexible mem- 
bronoui lining. In this respect we have an easy transition to 
Buglyvha with its flask-shaped teat, which in some species is 
beautifully sculptured. 

We may here also notice the families AeanlhorMtrina, Pofy- 
eyttina, and ThalaincoUina, which appear to possess the struc- 
ture of AcHnophryt with the addition of a siliceous skeleton or 
framework. 

In the Acatithonutrina the body is spherical, and composed of 
an outer layer or ectosarc, which encloses an inner less tenacious 
portion, or endosarc The latter contains a number of yellow 
globules, like those in Thtdauiaitla, which are turned brown by 
iodine, black by subsequent treatment with sulphuric acid, and 
neen when treated with hydrocliloric acid alone. The rest of 
the body turns bright yellow under the double action of the 
iodine and sulphuric acid. In some Acaiiihometriiia the central 
portion of the body is occupied by a substance which is bright 
crimson when viewed with the naked eye, but reddish pu^le 
when looked at under the microscope by transmitted light 'Die 
skeleton consists of a series of spinea regularly arranged about a 
common centre. They are grooved at the Iwse ; the groove 

dually passes into a canal, which perforates the remainder of 
spine. Some of the peendopodia issue from tlte endosarc, 

rerse the tubular spine and emerge at its apex ; others pierce 
the ectosarc in the spaces between the spines. 

The Polyeyilina resemble ActiriophTyi in having tapering 
pseudopodia arranged radiaUy and sepuated from each other. 
rhey are characterised by their beautiful siliceous envelope^ 
which occur BO abundantly in the ooze from the deepest ports of 
the Atlantic. They have also been found in the Mediterranean, 
— ' iparingty in some parts of the Sonth Sea. But the living 
ir less niuneivus than the fonil species, which occur in tlie 
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tertiary fonnations. Ehrenbeig has described nearly 300 forms 
from a tertiary deposit in the island of BarLadoes ; which 
although ranked as species, it is probable that a more careful 
examination will prove to be simply varieties of a few species 
only. 

We know but little of the animals to which these shells 
l)elong : the sarcode body is believed to occupy the upper 
portion only of the cavity, the pseudopodia bemg protruded 
through the foramina. 

The ThaUissicoUincB include a group of animals found floating 
passively near the surface of the ocean. Although abundant 
m most seas, but little attention had been given to them prior 
to 1851. The few forms known have been divided by Professor 
Miiller into the simple and aggregate. Thotlasstcolla mommy 
fig, 1, B, B', is an example of the first division, and Thaktsncolla 
punctata f ig, 1, AD, is an example of the second. In T. 
nucUata tnere is a spherical central vesicle, an inner fluid 
portion, and an outer strong and elastic membrane. In the 
iluid interior are a number oi dark granules. Throughout both 
these parts are numerous vacuoles of various sizes, the larger 
ones being outermost. Scattered amongst the vacuoles of the 
inner part are many bright yellow spheres about ^^ inch in 
diameter. From the surfiEu^e of the vesicular bo^ delicate 
fibrils radiate into the outer envelope. Partly embedded in the 
outer surface of the ectosarc are siliceous spicules much like 
those in some species of Tethya^ amongst the sponges. In T, 
punctata {SpJuerozoum punctatum, Miifler) we nave an aggre- 
gated mass of spheroidal bodies invested in one common mem- 
brane, as mjig, 1, A. One of the spheroidal bodies is shown on 
a magnified scale in jig, 1, D. It contains a distinct nucleus in 
the centre, surrounded by dark granules. It is surrounded by 
siliceous spicules resemolin^ Uiose of Halichondt'ia, In the 
compound as well as in the simple form there are bright yeUow 
spheres diffused generaUy through the body, fibres radiating 
from the outer portion of each sphere into the substance of the 
gelatinous investment in which it is imbedded, and numerous 
vacuoles. In another form, viz. Collasjghatra Huxleyi, there are 
no investing spicules, but the body is enveloped in a trans- 
parent siliceous case perforated with numerous apertures. 

Professor Miiller nas grouped the forms here treated of, 
excluding, however, the Actinoph'yna, under his order Radio- 
laria. He divides them into two sub-classes — 1, Solitaria, 
single ; and, % Polyzoa, aggregated. The Solitaria includes (1) 
the ThalassicoUina, ^2) the Polycystinay and (3) the Acantho- 
metra; the Polyzoa mclude (1) the SphcBrozomidce, and (2) the 
Collotpharida, The term Polyzoa has already been employed 
to designate a group of moUuscoidous animals. 

Dr. WaUich has also proposed a classification of this group in 
the ' Quarterly Journal of Microscopical Science,' 1865-6. 

The group of Badiolaria has only been known by marine 
species ; but Dr. Focke lias recently discovered a few species in 
bog- waters. In general structure they appear to come near the 
JluilassicolUna, 

(Carpenter, Introduction to the Study of the Foraminifera ; 
Qreene, Manual of the Protozoa,) 

ACTINOZOA, This class is now represented by nearly 3000 
reputed species, while the allied class of Hydrozoa contains not 
many more than 500 species, and certainly less than 1000. 
Accompanying this disparity in numbers, it is noticeable that 
the Hydrozoa present wider and more numerous modifications 
of their arche^T)al plan of structure than do the Actvnozoa, It 
is also noticeable that the Hydrozoa have a simpler organisation 
than the Actifnozoa, and that the former are, generally speaking, 
smaller than the latter. 

A full accoimt of the typical plan of a Hydrozoon is given 
under Htdbozoa, E. C. S., out may be shortly re-stated nere. 




Fig. 1.— A. Longitiidinnl section of a ijpioal JTydnmon, B, Longitudinal 
Boction of a typical Aetinozoon. (From Greene's CteTai/era^o.) 

It is a triple- walled sac, having a more or less cylindrical co- 
lumnar form, which is fixed by its base oi proacimal end, while the 



opposite or distal end terminates in an aperture mounted on a 
conical projection, which is, in its turn, surrounded by a circle of 
tentacles. The Aetinozoon may be described in essentially the 
same terms, with the difierence that the distal extremity is com- 

eQsed of an almost flat disk, near the centre of which is a 
neal aperture surrounded by one, or, as is usually the case, 
more than one, row of tentacles, which aperture leads into the 
general body, or somatic cavity, through a cylinder formed by 
a membrane suspended from the margin of the mouth. This 
difference is expressed in the accompanying diagrammatic 
figures, which, however, represent two walls, only, viz. the outer 
or ectoderm^ and the inner or endoderm. 

The two classes here contrasted together form the sub-king- 
dom Coeknterata, the relationship between which is thus re- 
presented by Greene : — 

Sub-kingdom C(EL£NTERATA. Animals whose alimentary 
canal freely communicates with the somatic cavity. Substance 
of the body made up of two foundation members, an outer or 
ectoderm, and an inner or endoderm, which correspond in mode 
of growth with the primitive layers of the germ. 

No distinct neural and hsemal regions. A nervous system 
absent in most. Peculiar urticating organ or thread-cells usually 
present. 
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CoeUnterata in which the C'elent^ata in which the 
wall of the digestive sac is not wall of the digestive sac is se- 
separated from that of the so- parated from that of the so- 
matic cavity, and the reproduc- matic cavity by an intervening 
tive organs are extemaL space, subdivided into cham- 

bers by a series of vertical par- 
titions, on the faces of which 
the reproductive organs are 
developed. 

This quotation is given as it represents the general opinion at 
the present time, but we believe future researches will not sup- 
port the accuracy of the distinction here laid down. Setting 
aside the question as to whether the sacs be double or triple- 
walled, as referring equally to both ^ups, and as being a matter 
of opinion, and not of fact, or to what is to be called a founda- 
tion membrane, we will confine our attention to two points ; (1), 
the separation or nonseparation of the digestive sac from the 
somatic cavity ; and (2), the position of the reproductive organs. 
In both cases we may mention the difference does not depend 
upon observation, but upon the way in which what is seen is to 
be interpreted. If Hydra and Actinia are taken as t3rpes, and the 
distinction between them be regarded as the distinction between 
the classes they represent, little or nothing can be said against 
the above definitions. But if Actinia be contrasted with some 
more highly developed representative of its class than Hydra, 
the terms of the above definition will require essential altera- 
tions. We cannot say what the definitions shoidd be, but 
probably the difference in the position of the digestive sac might 
be expressed by saying that in the Hydrozoa it is placed on the 
distal side of the ccenosarcal cavity, while in the Actinozoa it is 
suspended in and surrounded by a cavity homologous with the 
ccenosarcal cavity of the Hydrozoa, As regards the reproductive 
organs, they are internally situated in both classes, ii by repro- 
ductive organs be meant ovaries and spermaries as in tne jeUy 
fishes or Medusida, and sea anemones. The so-called repro- 
ductive organs of the zooids of the Hydrozoa are polypites 
specially modified for carrying on the contmuation of the species, 
and the ovaries and spermaries are situated within their walls ; 
so that the reproductive organs are as essentially internal in the 
one class as in the other. In Hydra, however, it is true that the 
ovaries and spermaries are apparently external ; but until we 
know more as to the reproduction of this ^enus it would be 
premature to decide upon the real morphological position of the 
reproductive organs, or to consider this genus as the type of its 
class. Probably the mode of development would be a good 
basis of distinction, for in the Hydrozoa it generadly consists of 
A^ ^^t A polypite, and a medusa, which last reproduces eggs ; 
while in the Actinozoa the egg grows into a polype and the polype 
produces forms like itself, or other polypes, by which eggs are 
produced. These points, however, will be more fidly considered 
under Htdbozoa, £. C. S., and the articles referred to below. 

In the Cydopaedia the class Actinozoa is treated of under 
AcTiNiADiB, Alctonidje, Beroe, Caluanira, Calymh a, Gor- 

GONIA, POLTPIFERA, MaDREPHTLLKEA, MaDREPOREA, MiLLE- 
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FORIDS, and Zdanthaaia. The adtUtional remBrka on these 
will be thua distributed in the Supplement :— 

AeUniad(e, Polypi/era, MadrephyUiaa, Madreporea, MiUeporida, 
and Zoantharia, under Actinozoa, E. C. S, ; AUymidcf, and 
Gorgonia, under Alcyonaria, E. C S.; Beroe, Callianira, Ccdym- 
■nuk, under Ctbnophoea, E. C. S. 

GeiuroZ Plan aiid Strattare of the ZoanOmria. — Ab the classifi- 
cation of the A ctimaoa is not bo Batisfactoiy as might be wished, 
it will be OS well to ^ve the generally accepted dennitiona of tiie 
oiders befoie entering into details respecting the atmctuK of 
this gronp. The definitions as given by Oieene in his ' Manual 
of the Ccelenterata,' ran thoa : — 

ZoanJharia: — Actiiuxum in which the tentacles are simple or 
variously modified, in ^eral ntmieroua, and, together with the 
mesenteries, disposed m multiples of five or six. Coiallum 
absent or sclerobasic, in most aclerodennic, the septa of each 
corallite following the numerical law of the soft parts. 

Aleyonaria: — Actinaaia in which each polype is furnished with 
eiglit pinnated fringed tentacles. If esenteries and somatic cham- 
bers, m number some multiple of four. Coralltun sclerobasic or 
spicular, rarely thecal, and never presenting traces of aepta. 

CUncfhc^a: — Transparent, oceanic, delicate, gelatinous Actin- 
oioa, swimming by means of ctenophorea or parcel rows of cilia 
diapiMed in comb-like plates. No corallum. 

A definition is also given of the Au^om, to which the above-cited 
author aaaigna an ordinal rank ; but aa it ia very doubtful if' 
the group is entitled to be so considered, and as the definition 
embodies a mis-statement, we have preferred to leave it out. 

The typical form of this order, and, indeed, of the Actvntaoa in 
general, may be represented by some of our common aea-anemonea, 
such as Tealia eraincomii (a description of which has already 
been ^ren in the article Ac^iaaa, E. C, under the name 
Aciima conacea), or Actinia ■meaanbryatiikanwia, or ActitioMta 
dvanlAtu, or a iSo^ortvi. In all these cases we have a sott fieshv 
mass, which ia generally fixed to a stone or rock, and is capabfe 
of undergoing considerable modifications of form j these modifi- 
cations being producefl by variations in the state of the mnscnlar 
^item. Thus at one time it may appear oa a smooth hemi- 
Bpherical button-shaped masH ; while atanotheritis a finely pro- 
portioned column, EQimonnt^ by a flattiah top, which is sur- 
rounded by a fringe of ladiately disposed conicalprocesses, or 
tentacles, as in Sagartia pamnCua (jCir. 2, A). The attached 
end ia called the ham, the portion between it and the margin of 




AetMUiha HanUHa. C, Ba^mBit of u 



tiiediak ia the column, and the upper &ce the diA. In the centre 
of the disk is an aperture, generally seated on a slight promi- 
nence, which forma the mouUv or achnottome. The space between 
the tentacles and the aetineiloiw, oi polype-mouth, ia known as 
the Mmtomiof ipact, and is generaliT maiked by white lines, 
which indicate the uppermost edses of certain laminn, or mem- 
branous layers, about which we shall have more to say when we 
come to consider the internal structure of the animal In most 
British species, the margin of the disk ia formed hy an annular 
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projection or parapet, as in Jig. 2, B, between which and the 
tentacles there ia a groove or fotte. The outer wall of the column, 
or ectoderm, consists of three layers ; the first and outermoat is 
formed of epithelial ciliated cells, which being constantly thrown 
off, give rise to the thick coat of mucua ao frequently found 
env^oping these creatures in aquaria; next comes a ^ranul^ 
layer, havme embedded in it the urticating oi^ans, of which more 
anon ; and the third is formed of the pigment cells to which the 
goi«eoua and varied tints of these animals are due. Below the 
endoderm comes the well-developed muscular system {ig. 2, 0, Q, 
which is formed of (1), an outer layer of transverse fibres ; (S), 
an inner one compost of fibres arranged longitudinallv ; and 
(3), of a scries of thin plates, composed of fibres arranged trans- 
versely and loncitudinallv, the outer edges of which are inserted 
throughout the body-wal^ while the inner edges project more or 
lesa into the somabc cavi^. These plates form mesenteries, or 
parUtions,j(g>. 2, D, m, which divide the somatic cavity into a series 
of imperfect chambera or htniii. The white linei in the peristomial 
space indicate the junctions of the edge of these aepta with the 
under side of the disk. It is by the extension of this system of 
muscles, combined vrith the distension of the interior with water, 
that the firmness of these animals, when expanded, ia obtained. 
Recurring again to the body-wall, we find that at the summit of 
the column, and juat below the point of origin of the tentacles, 
there is in many species a ridge, which ridge {Jig. 2, B) is a mus- 
cular cord acting aa a sphincter, whereby the disk and tentacles 
may be covered over. The space between this covering mem- 
brane and the disk has been called the •prehuccol cavity. The 
external surface of the column is smooth m some species, but in 
others it ia covered with warts or tubercles, which are said to be 
formed by corrugation in the outer layer of musclea. Thus Gosse 
states that in c^tain species of Sagartia the mnscnlar tissne in 
contraction corragatesintoreticulate or honey-comb like patterns, 
inclosing shallow cells of much regularity. It is, he behevcfl, 
these cells with perpendicular walls of muscular tisane that con- 
stitute the sucking warts, by means of which fragments of shell 
or gravel are grasped and retained with considetable force. " If 
this exposition is correct, all the corrugated cells are capable of 
becommg suckers at the will of the animal ; but, in fact, on^ a 
few are so used at one time. The cells (in S. nivea, and 8. 
miniala) are about '014 inch in depth and longitudinal diameter, 
while their transverse diameter may average about '064 inch." 
In the Bunodida the ceUa ore lai^r, and have thicker walls. 
Next beneatii the muscular system is a third layer, known as the 
mdodtnn. It linea the whole of the interior of the aomatic 
cavity, extending to the tips of the tentacles, and covering both 
faces of the mesenteries. Wherever the inner edge of the mesen- 
tery is free, the endodermal layer from each face is continued 
forward, and the space between each pair of layers encloses the 
reproductive elements ; they then umte to form a long cord or 
cratpedvm. The inner surface of the endoderm is crowded with 
vibratile cilia, by means of which tlie cireulation of the fluids in 
the somatic cavity is promoted ; this circulation is considered by 
some to form its alimentary-respiratory apparatus. 

The polype-mouth ^actmostome) is generally an elongated 
aperture, which leads into a short flattened sac, opening by its 
proximal end into the general cavity of the body. This sac ia 
the digestive cavity, the walls of which are formed of its endoder- 
mal, muBculor, and ectodermal layers. The inner surface is cor- 
rugated with a aeries of deeply impressed grooves, and the lower 
edge bangs freely in the somatic cavity like a curtain. Accoiding 
to some of the earlier observers, the lower edge is thickened, and 
capable of acting as a sphincter muscle, but later investigatiana 
have not confirmed these statements. The food passes into the 
digestive sac, and ia retained there for hours, until the assimil- 
able portions have been separated, and passed into the somatic 
cavity. It is then rejected through the polype-mouth. The 
digestive sac is kept in position by some of^the mesenteries, the 
edges of which are united with it. In most species there is ft 
groove or tubercle (the ganidial groove) at one or both angles of 
uie polype-mouth ; it forms the aperture to a tube which 
traverses the whole length of the wall of the digestive cavity. 
Little or nothing is known as to what ita function may be. 
When the eggs are discharged, they frequently make their exit ty 
the gonidiaigroovea ; but there is nothing to show that this is 
their special frmction. On the contraiy, it happena that the eggs 
are as trequentlv discharged through Uie moutn, while theie are 
some genera which have but one gonidiat groove, and others 
which have none at all. The walla of the digestive cavity are 
generally lined with coloured pigment cells, much it has been 
suggested may represent a rudimentary liVer. 
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Haviiu; thus roughly indicated the relative positians and 
names of the jirincipal parts, the way is cleared for appreciatitig 
some of the minute details. The generui plan of structure is, as 
may be seen, radial, butiasome groups it is so modified that the 
plan is easentially bilateral. Lowly crcaturea though they be, 
they are endowed with a sense of touch delicate enoi^h to feel 
the minutest visible speck which comes in contact with their 
tentacles, and to diacriniinate in most cases between substances 
which are or ate not adapted for nourishment If the substance 
ia not suitable, it is allowed to fall away by inclining the ten- 
tacle or body ; but if suitable, thousands of darts are buried iu it 
to retain it, and the muscles are brought into action to convey it 
to the oral aperture, through which it is passed into the digestive 
cavity ; from there the digestive Quid with the alimentary por- 
tions of the food in solution is passed into the somatic cavity, 
and carried over everv part of the interior surface of the mesen- 
teries, chambers, and tentacles by means of vibiating cilia. 
They possess the faculties of secretion, excretion, respiration, and 
respond to the condition of things around them, spreading out 
their disk and tentacles in evident enjoyment when wese are con- 
genial, and retracting themselves when the conditions are un- 
fcvourable. The continuance of their kind ia provided for either 
by the developmentofportionsoftheir tissue, which in some cases 
ia retained in connection with the parent, while in others it is 
separated, or by the longitudinal fission of the body into two 
pu:ts, or by means of reproductive organs which develops sper- 
maries and ovaries. This ia not a very high grade of structure, 
but it is evidently superior to that possessed by the Protoioa, 
amongst the loweat of which the functions of life are carried on 
by one or two layers only, with but feeble traces of the speciali- 
sation of the different functions in different organs. In the 
protozoon, most of the vital actions are carried on by all puts 
alike ; but in the Aetinonoa we have a greater number of diatin* 
Kuishahle parts, each of which has a £stinct duty to perform. 
The actinozoon possesses but little more complexity of organisa- 
tion than the hydrozoon. Both have organs of the same kind ; 
bat in the actinozoon they are somewhat more highly developed, 
and have a somewhat different arrangement than in the 
hydroioon. In the former there is a more powerful and more 
varied muscular eystera, a greater degree of sensitiveneBB, and in 
both the digestive cavity is distinct from the general body 
cavity ; but m the hydrozoon it ia situated differently from that 
of the actinozoon, as already pointed out. 

In the ZoanAaria the repetitive parts are generally developed 
in multiples of five or six ; and this numerical law prevails in 
the development of the tentacles, the mesenteries, and the 
chambers. The mesenteries, as we have said, are their muscular 
partitions ; they vary in size according to the order of their 
development The mesenteries commence their growth from 
the distal eitremi^ towards the base. First of all, six grow 
simultaneously, and generally at equal distances apart ; in some 
the two oppoaite each end of the oral aperture are rather more 
forward than the remaining four. When fully formed they are 
attached by one edge to the whole height of Uie body wall, and 
by the other to the full length of the digestive cavity. Below 
the lower limit of this cavity the inner eo^e of the mesentery is 
arched outwardly, the proximal portion of it curving inwards to 
the centre of the base. These mesenteries are termed prima™, 
and the spaces between them are designated primary toculi. 
The next group, generally six in number, appear half way 
between those of the first ; but although inserted throughout 
the whole height of the column waU, they do not reach so far 
down on the stomach wall aa the first group, and do not extend 
so far towards the middle of the base. The spaces between these 
are called lecondaiy chambers. The third or tertiary group of 
mesenteries are usually twelve in number, and form the parti- 
tions to the tertiary chambera. In each succeeding group, which 
are for the most part twelve, the sixe becomes less and less, and 
according to their order they extend less &r towards the digestii 
cavity and centre of the base. In many genera the mesenteries 
Kcrete earthy or calcareous matter, which forms the stony parti- 
tions, or ttpto. These are developed in the same way, and 
according to the same numerical law as the mesenteries ; and 
since tbey are trustworthy guides to one important feature in the 
structure of the soft parts, they are of liigh interest to the 
palffiontologist, whose knowledge ia confined to the hard parte ii 
all the extinct species. The foUowing diagrammatic cut {Jig. 3, 
represent* a section of some of the septa of the ZoarUharia. The 
radii indicate the septa ; the numbera placed sgunst them at the 
circumference, those wluch develop simultaneously, as also their 
order o£ succession ; the Boman numerals, with the concentric 
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rings corresponding with them, are intended as guides, tha 
numerals having the same signification as the ordinary figures. 
All the septa which grow simultaneously, that is, all those 
situated on the same concentric ring in the diazram, are said to 
be of the same order ; and as there are IT circles, 17 orders of 
septa are indicated in the cut ; while those which divide cham- 
bers having the same breadth at the column wall belong to the 
same cycU. Thus, on referring to the figure, it will be seen that 




the septa of the first order meet at the centre ; those of the 
second order, six in number, if all were drawn, do not extend so 
far, and as they separate chambers dnular in size, they form tha 
second cycle of septa. The third order comprises 12 septa, 
and these also form the third cycle. The fourth, and, indeed, 
all subsequent ordera, comprise 13 septa, and hence tmly half the 

Siatemary chambers are bisected ; the other half are cuvideS by 
e next order of septa ; so that the fourth cvclc comprises 
septa of the fourth anil fifth orders. The fifth i^le includes the 
sixth, seventh, eighth, and ninth orders ; the ninth cycle all the 
orders from the tenth to the seventeenth. All the chumbera 
having the some circumferential breadlb are said to be limilar, 
while those which are bounded by septa of corresponding orders 
are of the same apranon. Thus the chamber denoted by 1 — 10 
is similar to that mdicated by 10—6 or 8 — 12 ; but Is of tha 
same expression as the chamber 10 — 1. On lookup at the figure 
it will oe seen that the first three orders are the same u 
the first three cycles ; beyond which point there is a diver- 
gence, as two or more cycles correspond to one order. After 
the third cycle there are more chambers than the number of 
septa forming each cvcle, so that the septa can appear in some 
only of the similar chambers, but which will develop them first 
is also regulated by a law which may be expressed numerically. 
Physiologically the new septa appear at the intermediate points 
which have been longest at rest. Numerically they appear in 
the chambers, the two terms of whose expresaioD yield the 
smallest total, or where chambers having different expresaioaa 
yield the same result, they appear in those having the loweat 
term. This will be manifest on tracing the oider of development 
as drawn in fig. 3. If an eighteenth cycle of septa were de- 
veloped, tbey would appear in the chamben having the expre»- 
sion 1—10, and they might be looked for in those with the 
expression 6 — 14 before those denoted by S — IS. It is on these 
grounds that Milne-Edwards baa formed his five rules of septal 
development, which are here given ; — 

1. The formation of new septa takes place simultaneoaaly in 
all loculi having the same expression. 

2. The formation of septa takes place successively in loculi 
havii^a different expression. 

3. The order of succession of the septa is determined in the 
first place by the age of the cycle to which they belong, and 
those of a new cycle do not commence to be formed till the de- 
velopment of the preceding cycle ia complete. 

4. Among locuE of the some cycle having different expression* 
the evidence in the formation of new septa is determined by the 
inferiority of the sum of the two terms of this expression. 

6. Among loculi of the some cycle having difierent expressions, 
but which yield the same sum by the addition of the two terms, 
the order of appearance of the septa is determined by the relation* 
which exist between the lowest terms of the three expressions, 
the new septa being fonned first where the lowest term occurs. 

It is only in a portion of tliis order that Uie hard septa arc 
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developed in the endodenn ; in another portion hard porta ate 
developed in the ectoderm or outer layer ; while in yet a third 
no haid ports ate fotmed. Great importance has been attached 
to these charactere in the classification of these creatures, as in 
Milne- Edivards' scheme, who groups the families in three suh- 
orders, known as Zoantharia Tnalacedermala, or the sott-sltinned 

Cup ; Z. zcUrobaticcif or the group having the hard parts deve- 
^ ed in the outcnnost wall ; and Z. teUrodermata, or the hard- 
skinned group, which deposit earthy salts in the inner tissues. 

The sclerobasis has been met with only in the families AiUi- 
palhuitK and Hyalochatidtt, and it is doubtful if either belong to 
the Zoantharia. The former is sometimes grouped with the 
Al/^onaria, and the latter is hosed portly upon specimens which 
hove been ingeniously built up by tne Cninese from the siliceous 
fibres of sponges and the dried animals of certain corals, and partly 
upon sponges partially covered by parasitical corol-Uke animals. 
It is Ear better developed in the Xkuormria. The sclerodermic 
corallum presents every degree of development. In its most 
rudimentaiT condition it is represented by a few spicules which 
are somewhat cartilaginous in consistence, but contain a large 
proportion of some salt of lime. These are termed dermoicUritu 
by Miine-Edwards. There are two varieties ; viz., such as are 
fusiform, with a nodular surface; and those which are irregular 
groupings of nodules and spines. The last at« generally more 
highly calcareous tiian the former, and frequently present indi- 
cations of a hcxapartite arrangement. In other species the 
spicules arc more numerous, and coalesce to form continuous 
layers. In this connected condition it is termed tderenchyme, or 
coral tissue, and its texture, depending mainly upon the paucity 
or abundance of the sclerites, has been employed in charac- 
terising certain groups of families. Thus in the Perforata, the 
texture varies from spongy and reticulate toporous and granular; 
while in the Aforota it is firm and compact. The sclerenchyme 
^ain is mote fully developed in certain genera than in others. 
Thus in some the calcareous matter is deposited in the body 
wall forming the ihwa, in the mesenteries forming the itpta, and 
in the horizontal basal portion of the polype forming the (aftuiiB. 
The septa sometimes have calcareous horizontal partitions, or dit- 
MpimenU, extending more or less from their sides, which resemble 
imperfect tabnlce, except that the tabuhe grow from the theca, 
whereas the dissepiments grow from the septa. The sides of the 
septa alio support, in some cases, long narrow processesextending 
like transvetM props across the loculi, which are technically 
termed lynaplicala. The primary septa may extend to the 
centre of the corallum, or as far only as the filled-up central 
portion, or colwmeUa, or may stop short of the eolumtlla. In the 
last condition the septa form upright pillars, and are then termed 
jnli. In addition to these parts others may he developed out- 
side the thtca. Thus its outer surface may be marked by longi- 
tudinal ridges conesponding in position to the septa (aiita), 
while the sides of these may develop plate-like processes, or 
exotheea, onalogous to the dissepiments between the septa. The 
corallites are occasionally isolated and distinct, bnt more fre- 
c^uently they give rise to other cotallites by a process of 
budding, the new corallites retaining their connection with the 
parent polype. The forms produced by this budding vary with 
each group, but are considered by some to be sufficiently con- 
stant and uniform in each to be used as a basis of classification. 
The corallites are frequently massed tf^ether and embedded in 
a connecting tissue or eccnenchyme {the name for the hard parts 
deposited in the axTuuan), but there are many compact masses 
in which the cixnenchyme is absent, and the thecal ore in imme- 
diate apposition. The variety of external form will be noticed 
when on outline is given of Lndwig'a new classification of the 
Zoantharia, 

The tentacles are always hollow appendages in free communi- 
cation with the somatic cavity ; and generally they are of a 
conical form, more or less curved, and gradually tapering towards 
the extremity. Sometimes they are short, and reduced to 
mere tubercles ; at others they are long, of a highly sensitive 
nature, and in constant motion. They appear to follow the same 
law of development as the mesenteries, so that usually there is 
one tentacle for each interseptal chamber. In some genera, 
snch OS GoTvnaclis and dryopAif Uia, the extremity is terminated by 
a globose knob. The extremity ia, in many, probably moat 
Reneis, perforated, and the aperture can be closed or opened at 
Bie will of the animal. When suddenly alarmed, it frequently 
happens that the tentacles contract with great violence, dis- 
charging the nutrient fluid whicli distends their tissues through 
the apertures at their points. The force of ejection is such, that 
the fluid will strike with considerable force against tlie face of a 



person who stoops with the intention of removing them from the 
rock. In many of the tropical forms some of the marginal tentAcles 
have a compound dendritiform character, frei^uentiy remindW 
one of the tentacles in the EciiirMdermala. It is also in tropical 
species that open tubes or apertures occur on the peristomial 
apace, through which long ribands, or aontia, are dischiUf;ed. 
These organs, however, are more usually protruded through 
pores in some part of the column wall. According to Duchos- 
saing and Uichelotti the species in which these acontia are best 
developed employ them almost exclusively for capturing food, 
the tentacles being seldom used for the purpose, llie tentacles 
and the white threads used for capturing prey are crowded with 
a multitude of small oval transparent vesicles, which emit a dart 
attached to a long thread ; these cells are called cnida, and, as 
Mr. Qoese has given a ve^ complete account of them, we will 
append his description aunoat in his own words. They ate 
found in various porta of the body ; as, for example, in the 
tentacles, in the marginal spherules of certain specie^ in the 
corrugated integument that surrounds the mouth, in the walla 
of the atomach, and in tlie epidermic masses that are constancy 
formed under the stimulus of irritation ; but they are more 
especially abundant in the cnupeda and amntium. The craspeda 
are the marginal thickened edges ot the innermost extension of 
the two lamince of the mesentery. They are probably to be 
found in all the Zoantharia, and generally in great abundance. 
In Tealia cratiieornii, for example, they constitute an inextri- 
cable tangle of white frilled coids, seen everywhere below and 
behind the stomach, and protruding through every wound in 
the integuments. When the craspedum is presaed it exhibits 
(I), a clear, colourless, highly refnicting sarcode, which draws 
out into strings and long-toiled drops, like an oil on a wet sur- 
face ; (2), minute acattered granules very irregular in shape ; {3), 
yeJlow granules of an irregularly ovate form grouped closely in 
mulberry-like masses ; and (4), cnidte. By pressure the last are 
seen to be arranged along the edge of the craspedum, with their 
long axes set with the breadth of the cord, and the points from 
which the darts issue j ust beneath the surface of the tissue. Cer- 
tain species of ZoajtOaria are able to ahoot forth from various 
parts of their body a number of thin flexible filaments, usually 
of an opaque white, but sometimes of a brilliant lilac tint. In 
Sagartia paratilica, S. miniata and Adatntia palliata, the threads 
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so profuse as to form tanglet 
cotton. On watching one of thes 
it gradually re-enter the body through the same orifice by which 
it protruded. In S. paratitiia these filaments, or aamlia, extend 
as much oa six inches from the body. Yet in a few minntes the 
whole has disappeared. It is gradually com^ted into smaller 
irregular coils at the end whicli is attached to the animal ; and 
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these little coils are one after another sucked in through an 
imperceptible orifice. Aconlia are leas common than craspfda; 
for the former are only recorded aa occurring in the Sagartiadte 
and Bunodidtr. In Sagartia hellU thev spring from the mesen- 
teries that conr the craspeiia, generally two acontia from each 
mesentery ; and most frequently in pairs. They are inserted at 
all parts of the length of the mescnteiy. The acontium is a flat 
narrow ribbon wiln involute edges niiich can be approximated 
so as to form a tube. Like the craspedum, of which it seems 
to be a Bpccially modified form, the surface is mostly ciliated ; 
these cilifl create a strong curient of water, and when fragments of 
the acontium ore detached the action of the cilia propels them 
through the water. The acontium presents the appearunce of a 
clear sarcode, which shows no traces of fibres even under a mag- 
nifving power of 600 linear ; nevertheleBs it is endowed with 
well marked powers of contractility. When subjected to prcs- 
Biire it behaves similariy to the craspedum. The acontia are 
emitted through special orifices in the columnar wall termed 
ciTiclvia. Thus in Sagarttn there are a ntmiber of foramina which 
connect the intetseplal chambers with the surrounding water. 
In/g. 4, C, three of these are shown in different stales ; in m 
the lids are wholly closed, in I slightly open, and in k wide 
open. The dimensions of the apertures vary with the species, 
with the size of the individual, and with the eitent to which 
they are opened ; the measurements noticed in several speci- 
mens of Actinoloba dUinlhiie, Sagartia nivta, S. beUii, varied 
from the ,)jth to the ^ih of an inch. Tlie apertures are 
usually covered with an exceedingly thin fihn, probably 
formed of the mucus which is constantly forming on the 
surfaces of these creatures. Mr, Gosse records the following 
observations showing that the cinclides are the special orifices 
through which the acontia are protruded. "In a rather 
large S. [ActtTiotoba] dianthui, somewhat distended, placed in a 
gloss vessel between my eye and the sun, I saw, with great dis- 
tinctness, bj: the aid of a pocket lens, many acontia protruded 
from the cmclides, and many more of the latter widely open. 
The acontia, in eome cases, did not so accurately fill the onfice 
but that a bright light (or a darkness, according as the sun was 
exactly opposite or not) was seen, partially bordering the issue 
of the thr»ul, while the thickened rim of the cinclis surrounded 
all. The appearance of the orifices whence the acontia issued 
was that of a tubercle or wort, and the same appearance I have 
repeatedly marked in eiamplea obsencd on the stage of the 
micr«scope : namely, that of a perforate pimple or short co- 
lumnar tube. This was clearly manifest, when the animal, 
slowly swaying to and fro, brought the sidea of the cinclis into 
partial perspective. On another occasion I witnessed the actual 
issue of the acontia from the cinclides. I was watching, under 
a low power of the microscope, a specimen of S. nivea, while, 
by touching its bodv rudely, I provoked it to emit its missile 
tiiaments. Presently they burst out with force, not all at once, 
but some here and there, then more, and yet more, on the 
repeated contractions of the corrugating walla of the body. 
Occasionally the free extremity of a filament would appear, but 
niore frequently the bight of a bent one, and very often J saw 
two or even three issue from the same cinclis. The successive 
contractions of the animal under irritation caused the acontia 
already protruded to lengthen with each fresh impetus, the 
bights still streaming out in long loops, till perhaps the free end 
would be liberated, and it would oe a loop no longer ; and 
fometimea a new thread would shoot from a cinclis whence one 
or two long ones were stretching already ; while, as often, the 
new-comers would foree open new cinclides for themselves. 
The suddenness and explosive force with which they burst out 
appeared to indicate a resistance which was at length overcome ; 
perhaps — in part at least — due to the epithelial film above- 
mentioned, oT to an actual epiderm, which, though often mp- 
tuted, has ever, with the aptitude to heal common to these lowly 
structures, the power of quickly uniting again. It appeared to 
ine manifest, from this and other similar observations, that no 
such arrangement exists as that which i had fancied ; that a de- 
finite cinclis is assigned to a definite acontium, or pair of 
acontia, and that the extremity of the latter is guided to the 
former, with unerring accuracy, by some internal mechanism, 
whenever the exercise of the defensive faculty is desired. What 
I judge to be the true state of the case is as follows : The acontia, 
fastened by one end to the septa or their mesenteries, lie, while at 
rest, irregularly coiled up along thenarrowinterseptolfossje. The 
outer walls of these fosste ore pierced with the cinclides. When 
the animal is irritated, it immediately contracts ; the water 
contained in the visceral cavity finds vent at these natural 
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orifices, and tlie forcible currents carry with them the acontia, 
each through that cinclis that happens to lie nearest to it The 
freouency with which a loop is forced out shows that the issue 
is the result of a merely mechanical action ; which is, however, 
not the less worthy of our admiration because of the simphcity 
of the contrivance, nor the less manifestly the result of Divine 
wisdom working to a given end by perfectly adequate means. 
The ejected acontia, loaded with their deadly onidse in every 
port of their length, carry abroad thefr fatal powers not the less 
surely than if each had been provided with a proper tube 
leading from its free extremity to the nearest cinchs" The 
cnidiB vary in their structure, and may be assigned to four 
distinct forms, Co which Gosse gives the names of (1], chambered, 



Smithii they seem to form almost the whole of the globular 
head of the tentacles, and they are also very 
abundant in the craspeda. As they are larger 
in this than in most other species, Gosse adopts 
them as a standard for description. They are 
transparent colourless vesicles of a lengthened 
ovate form, and with one end much larger 
than the other {/ig. 5). In the larger end may 
be seen a narrow fusiform chai^jer tapering 
in both directions : the point at the lari^r enu 
merges into the walls of the cnida, while the 
opposite extremity, after tapering to a certain 
point, again dilates into a innnel-Bhaped por- 
tion, beyond which it continues as a slender 
cord coiied up in. numerous folds .and tilling 
the whole of the narrow end of the cnido. 
When the tissues containing the cnid» ore 
subjected to pressure the contents of the 
cnidie are discharged sometimes rapidly and 
sometimes slowly. Just before the emergence 
of the tliread a minute protrusion appears at 
the larger end. Tlie thread generally increases 
slowly and gradually in length until the 
emerged portion is about twice as long as the 
thread is wide, when it generally darts for- 
ward suddeidy. At this instant Qosse states 
he has in many cases heard a distinct crack. The thread is tech- 
nically termed the tcthoraum{Jig. 4, A, n); when fully extended 
its length varies from about twice, as in most species of ^>ii>7iirtia, 
to thirty or even forty times the length of the cnida). The 
ecthorffia of chambered cnidn are always furnished with a 
peculiar armature. The bnsal portion is slightly swollen for a 
short distance, beyond which it ia r^idly attenuated for 
another short distance, the remainder of its length being ex- 
ceedingly slender and of equal width throughout. In the short 
ecthor^a of Sagartia there ia no attenuated portion. It is 
chiefly upon the swollen baaal portion that occur the spiral 
bandti.to which Gosse gives the name of ifreUa(jCg, 4, A, o), Ilio 
number of bonds, the number of turns made by each band, and 
the an^Ie formed by them with the axis of the ecthorsum, vary 
in diilerent species. In Ttalia eroincomu, the screw ot 
strebla is formed of a single band having an inclination of 45° 
to the axis, and becoming invisible at the seventh turn. 
In Sagaiiia parantua the screw is formed by two equidis- 
tant bands, each of which makes six turns ; they are inclined 
at an an"le of 70° from the axis of the ecthoratiun. In Caryo- 
phyllia the screw is composed of three bonds, with ten revolu- 
tions each, and with an inclination of 40° from the axis. These 
bands support a series of firm bristles, which have a himd basis, 
and taper to a point. These bristles, or pterygia, are also indi- 
cot«d oy p in Jig. 4, A. Their number varies within slight 
limits : thus, in Ttalia orattieomit there appear to be eight 
in each whon, while in Sagartia paratilica, Uorynaclit virtdit, 
and other species, there are twelve. The tangled cnida is 
found in most species associated with the chambered variety. 
In Sagartia it is comparatively rare, while in Actinia and 
Antkea it appears to oe the only form. It is well seen in 
Corynactii iindii, in which species the shape is a perfect oval. 
The interior is filled with a long thread, which is generally 
more confusedly coiled than in the chambered cnidw. It is 
probable that the tangled cnidm also possess a screw, although 
the minuteness of the parts prevents this point being satiafiw;- 
torily determined. The base of the thread presents the same 
serrated appearance under high powers which is perceived round 
the base oT the thread of the chambered cnidiB under lower 
magnifying powers. The spind cnidas ore met with in a few 
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specie^ such as SagarUa parasitica, Tealia cramccmis, Gerianihus 
Lhydii, &c. They are highly elongated, and, from tne extreme 
tenuity of their walls, appear to be composed simply of a thread 
coiled in a close regular spiral ; they have a general resemblance 
to a multispiral shell, suiui as is frequently possessed by species 
of the families CerUhMda or Turritelhdas {fg, 4, B). The globate 
cnidss ( ig, 4, D) occur in the acontia of Sagartiaparasitiea, and are 
apparently nlled with a fluid having a diiOferent refractive power 
from that of the tissue in which they are embedded. No thread 
has been detected in them, and it is possible that their function 
is different from the cnidsa having ecthorssa. Mr. Gosse ex- 
presses his general views on the cnidea in the following terms : — 
The emission of the ecthorseum is a process of distinct eversion. 
This thread is not a solid, but a tubular prolongation of the 
walls of the cnidsD turned in, during its primal condition, like a 
finger of a glove drawn into the cavi^. In the discharge of the 
ectnoreeum of the tangled cnid», it frequently runs out, not in 
a direct line, but in a spiral form ; whenever this is the case, 
each band of the spire is made, and stereotyped, so to speak, in 
si^ccession, while the tips go on lengthening ; the tip only pro- 
gresses, the whole of the portion actually discharged remains 
perfectly fixed, which coiild not be on any other supposition 
than that of evolution. In the dischaige of the chambered kind, 
the ventiicose or basal portion first appears ; the lower barbs 
fly out before the upper ones, and all are fully expanded before 
the attenuated portion begins to lengthen. This, again, is con- 
sistent only with the fact of the evolution of tne whole. On 
several occasions of observation on the chambered cnidso of 
CaryophgUia, I have actually seen the imevolved portion of the 
ecthorsBum running out through the centre of the evolved ven- 
tricose portion. But perhaps the most instructive and convincing 
example of all was the following : — One of the laige cnidro of 
Corynactis viridis had shot about half of its wire wim rapidity, 
when a kind of twist or kink occurred against the lupnle of the 
cnida, whereby the process was suddenly arrested. The projec- 
tile force, however, continuing, caused the impediment to yield, 
and minute portions of the thread flew out piecemeal by fits 
and starts. By turning the sta^ screw I brought the extremity 
of the dischaiged portion into view, and saw it slowly evolving a 
little at a time. Turning back to the cnida, I saw the kmk 
gradually rave way, and the whole of the tangled wire quickly 
flew out through the nipple. I once more moved the stage, 
following up the ecthoraeum, and presently found the true ex- 
tremity and a large portion of the wire still inverted, slowly 
evolving, indeed, but very distinctly, throu^out its whole course 
within we walls of the evolved portion. JProm all these obser- 
vations there cannot remain a doubt of the successive eversion of 
the entire ecthorsaum. It may be asked, What is the nature of 
the force by which the contained thread is expelled ? That it is 
a potent force is obvious to any one who marks the sudden 
explosive violence with which the nipple-like end of the cnida 
gives way and the contents burst forth, as also the extreme 
rapidity with which, ordinarily, the whole length is evolved, 
A curious example of this force once excited my admiration : the 
ecthorsBum firom a cnida of Corynactis vvridis was in course of 
rapid evolution, when the tip came full against the side of 
another cnida already emptied. The evolution was momen- 
tarilv arrested, but the wall of the empty capsule was seen to 
bena inward, and suddenly to give wav, the ecthorssum forcing 
itself in, and shooting round and round, the interior of the cnida. 
The most careful observations have failed to reveal a lining 
membrane to the cnida. I have repeatedly discerned a double 
outline to the walls themselves, the optical expression of their 
diameter ; biit have never detected any, even tne least, appear- 
ance of any tissue starting from the walls as the ecthorseum 
bursts out. My first supposition, reluctantly resigned, was that 
some such lining membrane of high contractile power lessened, 
on irritation, the volume of the cavity, and forced out the wire. 
The Cnida is filled, however, with a fluid. This is very dis- 
tinctly seen occupying the cavity, when, from any impedunent, 
such as above described, the wire flies out fitfully — ^waves and 
similar motions passing from wall to wall ; sometimes even before 
anj portion of tne wire has escaped, the whole mass of tangled 
coils is seen to move irregularly from side to side, within the 
capsule, frrom the operation of some intestine cause. The emis- 
non itself is a process of injection, for I have many times seen 
floating atoms driven forcibly along the interior of the ectho- 
rsBum, sometimes swiftly, and sometimes more deliberately. 
Notlung that I have seen would lead me to conclude that 
the wall of the cnida is ciliated. I consider, then, that this 
fluid, holding oi'ganic corpuscles in suspension, is endowed 



with a hi^h degree of expansibility; that, in the state of 
repose, it is in a condition of compression by the inversion 
of the ecthorseum; and that on the excitement of a suitable 
stimulus it forcibly- exerts its expansile power, distending, and 
consequently projecting the tubular ecthorseum, the only part of 
the waU that will yield without actual rupture. The cnidss 
cannot, I think, be regarded in the light of cells, since the^ are 
but the contents of other vesicles, wmch thus present a higher 
claim to the character of cell-walL In the craspeda of Sagartia 
parcuitica may be seen many of the chambered cnidse, bearing 
this outer envelope, which, without determining anything con- 
cerning its nature, I shall distinguish as the peribola. Many of 
the cnidsa have ruptured their investing meinbrane, which gives 
way at no special point, sometimes at the anterior end^ some- 
times at the posterior, and as frequently aU down the side. The 
peribola thus ruptured, may be seen in many instances still 
nanging about tne cnida, while others are quite free from anv 
remains of it, and in some cases I have seen the cnida stul 
enveloped in its peribola, unruptured. The peribola I have 
seen investing, and hanging around the cnida of the spiral and 
slobate kinds, and this circumstance has afforded me an ad- 
ditional ground for presuming the latter to belong to this cate- 
gory of or^ois (fy. 4, D, q). It appears necessary that the cnida 
should set itseli free by tne rupture of its peribola before it can 
effect the emission of its ecthorseum. At least I have never met 
with an example to the contrary. The possession of stinging 
poweils by the whole group of the Ccelenterata has lone been 
xnown : powers which are capable of destroyin£^ the life of 
many soft-bodied organisms. These powers have been assigned 
to the cnidas, and many facts may be adduced in support oi the 
opinion. It is known experimentally that the ecthorsea are 
capable of penetrating soft membranes ; thus, Gosse exposed a 
bit of tough cuticle to the action of the tentacles of Tealia 
crasncomis. On examining it, the ecthorsea were found to be 
buried in its substance, with the cnidss standing up endwise. 
That a poisonous fluid is injected into the punctures thus made 
seems highly probable, considering the pain, and, in many cases, 
sudden death which follows upon the insertion of the barbed 
ecthorsea. Thus many persons nave felt a stinging sensation on 
handling certain jelly fishes and sea anemones, i^es have 
been known to die in great agony a few minutes after having 
been stung on the lip by various Hydrozoa and Actinozoa, Dr. 
Waller records the enecte which followed upon his allowinc; the 
tentacles of Actinia mesembryanthemvm to touch the tip of his 
tongue. " The result [of the experiment] was such as to satisfv 
the most sceptical respecting the offensive weapons with whicn 
it is furnished. The animal seized the orsan most vigorously, 
and was detached from it with some difficmty after the lapse of 
about a minute. Immediately a pungent acrid pain com- 
menced, which continued to increase for some minutes until it 
became extremely distressing. The point attacked felt inflamed 
and much swollen, although to the eye no change in the part 
could be detected. These symptoms continued unabated for 
about an hour, and a slight temporary relief was only obtained 
by immersing the tongue in cold or warm water. After this 

Eeriod the symptoms gradually abated, and about four hours 
iter they had entirely disappeared. A day or two after, ai very 
minute ulceration was perceived on the apex of the tongue, 
which disappeared after being touched with nitrate of ^ver.** 
^Proceedings of the Royal Society,' 1859.) Attempts made by 
Gosse to as^rtain the atkalinity or acidity of the supposed poi- 
sonous fluid gave no decided results either way ; but the tests 
employed were not sufficiently delicate to determine the ques- 
tion. ** Admitting," says Gosse, " the existence of a venomous 
fluid, it is difficult to imagine where it is lodged and how it is 
injected. The first thought that occurs to one^ mind is, that it 
is the organic fluid whidi we have seen to fill the interior of 
the ciiidae, and to be forced through the everting tubular 
ecthoraea. But if so, it cannot be ejected through the extremity 
of the ecthorseum, because if this were an open tube, I do not 
see how the contraction of the fluid in the cnida could force it to 
evolve ; the fluid would escape through the still inverted tube. 
It is just possible that the barbs may be tubes open at the tips, 
and that tne poison fluid may be ejected through th^e. But I 
rather incline to the hypothesis that the cavity of the ecthoraBum 




as the evolving tip of the wire penetrates farther and feurther 
into the wound." 
With this formidable array of offensive weapons the fixed, 
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apparently helpless, goft-bwlied polype ia admirablv adapted to 
grapple succeBsfully with the mote active mollusEB, annelide, 
cruBtaceans, and minute organianiH which fonn its ordinary 
food. The hard-cased shrimp or prawn may, with impunity, 
smuae itself with throwing its long flexible feelers ot antemiFe 
acroaa tlie disk of the expanded sea anemone or coial, hut should 
it attempt to come to closer quarters for the purpose of biting a 
morsel ont of the body of the polype it may succeed in obtam- 
ing a few mouthftils, Dut the chances ore that the «i(t-bodied, 
dart-bearing polype will succeed in diacbaiging some of the 
darts (ecthonea) into the inner tissues left exposed by weak 
points in the hard mail of tike crustacean. In such case ^e 
victo^ would ultimately be oa the side of the polype, who 
wo^d digest the cruetacean, and thence obtain the nutrient 
matter requisite to repair the damages doDe to it by ite atronger 
and more active enemy. The time required for the complete 
digestion of a good sized shrimp varies fiom two to six or eight 
houis ; the process apparently conaists of a combination of great 
presnire wiUi the action of some solvent, for when discharged all 
the hard parts of the crustacean are in podtion, although much 
compressed, and slightly distorted from some of the joints 
having yielded ; while tne soft inner parts are almost entirely 
dissolved out Pressure, however, ia not essential to the diges- 
tive process, for if pieces of ciustacean muscle be placed m a 
perforated silver globe the same result is produced. The solid 
portion of the food is usually retained in the digestive cavity, 
and it is there that the process of digestion is carried on ; it is 
rarely that the solid parts pass into the somatic cavity, and then 
■' ' ^dental or i" ' 
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it to a more or les.-! pulpy condition, yet fre<juently the meat ia 
taken in, retained for hours, and again dischacged without having 
tmdergone much alteration. This indicates that their digestive 
powers are not capable of obtaining the full amount ofnutri- 
nient from this kind of food. Individuals fed on meat almost 
invariably grow smaller and ultimately pine away as though 
they had been starved. The fluid which occupies the general 
cavity of the body is dear and transparent, and is generally sup- 
posed to be simply sea-watei ; but it is really so modified as Ut 
play the same fonction in these animals as the blood does in 
those of more special organization. Observations on its duaractei 
and properties are much wanted. It is more or less charged 
with albumen in solution, and abounds in minute disks or 
granules of a yellow colour, and having a diameter varying from 
-0001 to -0008 of an inch in diameter. It is donbtcol if the 
Zoantharia have a liver or anytlung analogoiu to it ; bat in 
some genera the wall of the digestive cavity is lined with ^ yel- 
lowish or salmon red tissue, having a gland-like structure, which 
Qosse feels confident is the liver. 

Oeological Ditlribviion of the Zoantharia. 

In treating this branch of the subject the classification of 
Hilne-Edmods and Haime as modified by Bronn will he 



appaiently from ai 



a only, while there 



o positive evidence to show that the lining membrane of the 

Ceral cavity of the body is capable of digesting food. It is a 
juent practice for aquaria keepers to feed these creatures with 
the muscles of vertebrate animals, such as beef, etc, but this 
fare is unsuited to them, for although at times they may reduce 



adopted. The tables given by Bronn will alio be used, with 

such alterations as we are able to give &om more recent da ' 
The general summary of the distribution of the species is ci 
contamed in the table i-- — — "^- "■ — ' ' ■- '- 
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In Gosso'e ' Actiuologia Britaniiica' the number of apcciei 
Bigned to the British shurus is 76, oC which by fnr the ^atcr 
number belongs to the families Tarbinolxdas and Aclinida &r 
defined by Milne-Edwards and Hoime. The definitions of the 
British genera, together with the number of British specie^ arc 
thus stated by Gosse. 

^ctiiiofot(i,^BlainviUe. — Base considerably broader than the 
colamn ; its outline oi^en undulate, but entire. Column pillar- 
like in the expanded state \ the margin forming a thicRened 
parapet or low wall ; separated from the tentaculBr disk 
groove or fosae. Surface perfectly smooth, without suckero, uu^ 
pierced with loopholes. Substance approaching to pulpy. Disk 
deeply frilled at the marein, thinly membranous. Tentacli 
short, slender, not nrrangea in distinguishable circles, scattered 
at their commencement about half breadth of the disk, becoming 
gradually smaller, more numerous, and denselv crowded as they 
approach the border. Mouth surrounded with a thick lip ; fur- 
nished with only a single gonidlal groove, surronuded by a 
single pair of tubercles. Acontia emitted somewhat reluctantly, 
but copiously upon occasion. 

A. dianlk'M is the only British species. 

Sagartta. — Gosse. — Baae broader than the column ; its outline 
oft«n undulate but entire. Column in the expanded state pillar- 
like, sometimes low and thick, sometimes tall and slender ; the 
marain notched or tentaculate, without parapet or fosse. Siufoce 
studded with suckers, which do not form permanent warts ; 
pierced with loopholes. Substance fleshy or pulpy. Disk some- 
times wavy, more commonly plane, sometimes slightly turned 
over at the edge. Tentacles varj-ing in number, form, and ar- 
rangement in wie different species. Mouth generally elevated 
on a more or less consiiicuous cone ; furnished with two )joni- 
diol grooves, each with its pair of tubercles. Acontia emitted 
freely and copious. There are 15 British species, namely, 
H. hdlit, 8. miniala, S. rotea, S. ornala, S. ickthystoma, S. 
vfniuta, S. nivea, S. tphyrodtta, 8. pallida, 8. trogUdyta, S. 
viduata, 8. panuilica, 8. pura, S. cocdTita, S. chryiotplenium. 

Adamda. — Forbes.— Base adhering to the inner lips of uni- 
valve shells ; greatly expanded laterally in two wing-like lobes, 
which gradually advancmg on each side, at length surround the 
mouth of the shell, and meet on the outer side of the body whorh 
Column greatly depressed ; margin forming a low, sharp parapet, 
with a distinct fosse. Sui&ce smooth towards the summit, striated 
or irregularly furrowed on the outer f = lower part) ; pierced 
with loopholes, which, on the outer (= lower) part form perma- 
nent warts. Substance fleshy. Disk lon^ oval, almost linear, 
smooth- Tentacles numerons, sub-marginal, short, crowded, 
imperfectly retractile. Mouth protrusile, large, thrown into 
loose folds, but not furrowed. Acontia emitted freely and 
copiously. A. palliata is the only British PDCcie^ 



J'hellia. — Gosse. — Base adhering to rocks ; little exceeding the 
column. Colunm piUar-like in expansion ; the margin tentaculate 
without parapet or losse. Surface smooth, pierced with loop-holes; 
partly clothed with a tough epidermis, wluch is rough eitemally, 
firmly adherent to the skin. Disk concave ; the edge not undu- 
late. Tentacles few, in more than one row^ barred. Mouth 
not raised on a cone ; lip thickened. Acontia dischaiged, but 
reluctantly. There are four British species, namely, P. muro- 
eincla, P. gautapata, P. picta, P. Brodricii, 

Oregiyna. — Gosse. — Base not broader than the column. Column 
a low pillar, strongly invecteil, very inflatable in irregular lobes ; 
the margin forming an irregularly undulate parapet, separated 
from tlie tentacles by a deep but narrow fosse which is never 
obliterated. Surface smooth, but becoming transversely wrin- 
kled in contraction ; without suckers ; perforated with few, but 
very conspicuous loop-holes ; these are arranged in longitudinal 
lines, on the swellings which correspond to the intersepts. Sub- 
stance pulpy. Disk plane ; not exceeding the column ; smooth, 
without conspicuous radii. Tentacles moderately short, blunt, 
unicolorous ; not perfectly retractile. Mouth set on a cone ; 
lip thin ; two gonidial grooves, each with a pair ot small tuber- 
cles. Acontia emitted sparsely. 0. fenestrata is the oidy British 
species. 

Aiplana. — Gosse. — Base adhering to rocks, readily detached ; 
often not equalling the medium diameter of the column. Column 
tnim pet-shaped, many times higher than wide, veiy changeable 
in shape from irregular distension, margin tentaculate ; surface 
minutely corrugated, adhesive, but without distinct suckers ; 
pierced with loop-holes. Substance pulpy. Disk greatly ex- 

Eanded, membranous, concave. Tentacles m several rows, long, 
11, irregnlarly fiexuoua, perforate at the top, the flrat row 
longest, scarcely retractile. Month not set on a cone ; Up thin ; 
stomach protrusile. Acontia abundant, but not often sponta- 
neously eitruded. One British species, A. Couchii. 

Anthta. — Johnston.— Base slightly adherent ; broader tlianthc 
column ; its outline irregularly undulate. Column forming a 
low thick pillar ; the summit expanding ; the margin notched, 
and bearing budding tentacles, vrith no distinct parapet or fosse. 
Surface cancellated by the intersection of longitudinal furrows 
and transverse wrinkles. No suckers, warts, nor loop-holes. 
Substance warty. Disk membranous, very expansile, undulate 
at the marpn. Tentacles numerous, in several rows, sub-marai- 
nal, very long, lai, irregularly fleiuous ; scarcely retractue. 
Mouth elevated on a low cylindrical wart Acontia wanting. 
There is only one species, and that is found on the shores of 
, ns well as on the western and southern coasts of Europe 
generally, A. ctrtvx. 

Actinia, — Linmeus. — Base adhering to rocks ; considerably 
exceeding diameter of column. Colunm pillar-ahaped, usually 
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much wider than hij;h : margin greatly developed, smooth, sepa- 
rated by a broad, but shallow fosse from the outer tentacles ; a 
circle of vividly coloured spherules projecting from the inner 
surface of the wall of the fosse : surface delicately smooth, im- 
perforate, non-adhesive ; substance fleshy. Disk greatly ex- 
panded and overarching ; concave. Tentacles in several rows ; 
moderately long, nearly equal ; unicolorous ; wholly retractile. 
Mouth set on a protrusile cone ; two pairs of gonidial tubercles, 
brightly coloured. One British species. A. mesembryanthemum, 

Bolocera. — Gosse. — Base adherent ; not much exceeding the 
colimm. Column pillar-like, the diameter and height sub-equal. 
Surface generally verv smooth, studded with small warts, re- 
motely scattered. Substance fibro-cartilaginous. Disk smooth, 
circular in outline, not overlapping the column. Tentacles 
short, thick, constricted at the foot, obtusely pointed, longitudi- 
nally furrowed ; flexuous and mobile ; easily separated ; not 
retractile. Mouth not raised on a cone ; stomacn capable of 
being greatly protruded. B. Tuedia and B. eques are British 
species. 

Bunodes. — Gosse. — Base exceedinjj the column ; its outline 
generally undulate. Column pillar-like ; the height in extension, 
considerably exceeding the diameter. Surface studded with 
permanent rounded warts set in vertical lines, which are sepa- 
rated by bands of plain skin. Margin denticulate. Substance 
finnly fleshy. Disk flat, circular in outline ; scarcely overlap- 
ping the column. Radii conspicuously marked. Tentacles not 
very numerous, arranged in several rows, sub-marginal ; mode- 
rately long and slender, obtusely pointed, smooth, not very 
flexuous ; marked (in the more typical species) witn irregular 
white spots on the face ; perfectly retractile. Mouth not raised 
on a cone ; stomach not habitually protruded ; gonidial tuber- 
cles generally conspicuous. There are four British species, 
namely B. genimacea, B, thallia, B. hallia, B. coronata.' 

Tealia. — Gosse. — Base exceeding the column. Column not 
pillar-like, the diameter usually much exceeding the height. Sur- 
lace studded with permanent rounded warts, which are hollow, 
and have strong adhesive power, irregularly scattered or not set 
in vertical lines. Margin aenticulate. Substance cartilaginous. 
Disk flat, circular in outline, considerably overlapping the 
column. Radii inconspicuous. Tentacles not very numerous, 
arranged in several rows, submarginal ; short, thick, and conical ; 
\micoTorous, or marked with undefined rings or bands of alter- 
nate colours ; perfectly retractile. Mouth raised on a cone ; 
stomach habitually protruded to a great extent. Muscular 
system highly developed ; very dense, and of a cartilaginous 
firmness. Two British species are known, viz., T. digifata and 
T. crasskaniis. There may be a third, which Mr. Cocks names 
T. tuberculata, 

Hormathia. — Gosse. — Base coherent, greatly expanded. Column 
pill^-like, much corruKited, surrounded by a single horizontal 
row of warts. Disk slightly concave, scarcely exceeding the 
column. Tentacles moderately long and slender ; penectly 
retractile. H, MargariUn, a native of Britain, is the only known 
species. 

Stomphia, — Gosse. — Base adherent, expanded. Column pillar- 
like ; without warts or suckei"s, imperforate (?) ; skin much 
corrugated ; substance not at all cartilaginous, but soft and lax. 
Disk very protrusile. Tentacles perfectly retractile. Acontia not 
present. The only known species, S, Uhurchice, is found on the 
coasts of Scotland. 

Ilyanthus, — Forbes. — Column pear-shaped, tapering to a blunt 
point at the inferior extremity, which is probably perforated. 
Surface smooth, without suckers, warts, or loopholes. Ten- 
tacles of one kind only, marginal, numerous (i. e., exceeding 
thirty). Mouth of the ordinary form, with no prominent goni- 
dial development. Two British species ; /. ScotictiSf and /. 
Mitchellii. 

Peachia. — Gosse. — Column cylindrical, pear-shaped, or swell- 
ing in the middle, rounded at the posterior extremity, where there 
is an orifice ; margin entire, forming an indistinct parapet. Sur- 
face smooth, without loopholes, but studded in every part with 
very minute and very numerous suckers. Disk flat, or very 
slightly conical, smooth. Tentacles of one kind, twelve, thick, 
short, obtusely pointed ; marginal ; imperfectly retractile. 
Mouth not elevated on a cone ; lip thin, abrupt, protrusile, 
sometimes lobed. A single gonidial groove, the edges of which 
are soldered together, so as to form a tube, which terminates 
above in a thickened, expanded rim (canchiUa), the mai^n of 
which is more or less d i vided. Acontia wanting. There are three 
British species, viz., P. hastala, P. tripliyllay and P. undata. 

Halcampa, — Gosse. — Coliunn long, slender, cylindrical, or 



swollen at the inferior extremity, which appears to be imper- 
forate ; no distinct margin. Surface without loopholes, out 
studded with minute suckers. Disk flat. Radii distinct. 
Tentacles of one kind, few (less than twenty), marginal or sub- 
marginal, cylindrical, obluse, perfectly retractile. Mouth 
simple, no obvious gonidial development. There arc two British 
species, H, chrysanthellum, and H. microps. 

Edtoardna, — Quatrefages. — Column long, slender, cylindrical, 
divided into three distinct regions, of which the two terminal 
are retractile within the central one. Anterior region forming a 
short thick pillar {capitulum) of less diameter than the central, 
and more delicate. Central region (scapiu) covered by a skin 
(epidermis) more or less thick and opaque. Posterior region 
(phym) thin, pellucid ; inflatable like a oladder ; imperforate (?). 
Disk sometimes flat, sometimes conical. Tentacles of one kind, 
few (less than thirty), marginal, arranged in one or two rows ; 
slender, moderately lon^, pointed ; perfectly retractile. Mouth 
simple, no obvious gonidial development. E, callimorpha^ E, All- 
manniy E. Goodsirif and E, camea are British ; and E. Beautempsii 
may be. 

Arachnactis. — Sars. — Column moderately long, cylindrical, 
roimded at the inferior extremity, but not swollen, imperforate. 
Surface capable of temporary adhesion, and therefore probably 
studded with minute suckers. Tentacles of two kinds, the one 
marginal, very long, slender ; the other gular, short, few in 
each series, not retractile. Mouth a simple slit. Habit, freely 
swimming in the sea. A . albida is the only British sj)ecies record eel 
by Gosse. 

Cerianthus, — Dell echiaj e. ~ Column lengthened, cylindrical, 
swollen and bulb-like at the inferior extremity, which is per- 
forated with a distinct orifice; expanding trumpet-like at the 
margin, which merges into the tentacles, without parapet or 
fosse. Surface smooth, without loopholes, or (apparent suckers) 
usually enveloped in a loose non-adherent tube closed at the 
lower end, of tough, membranous texture, and n^ed exterior. 
Disk wider than column, but not overarching, JnSinel-shaped, 
with conspicuous radii. Tentacles of two kinds ; the one mar- 
ginal, the other gular ; both in perfect circles, those of each 
equal inter se, moderately numerous, slender ; absolutely in- 
capable of retraction. C, Lloydii is the only British species. It 
is probable that the species described as Actinia vermiculciris by 
Forbes, and dredged by him from the Shetland seas, may belong 
to this genus. 

Capiiea. — Forbes. — Base expanded, swollen, adherent Column 
cylindrical, pillar-like ; the margin forming a thick parapet witli 
a fosse. Surface smooth, without loopholes, invested with a 
woolly epidermis. Disk circular, entire. Tentacles very short, 
tnmcate, retractile. G. sanguinea from the seas off the Isle ot 
Man and Falmouth is the only species. 

Aurcliana, — Gosse. — Base expanded, adherent Column 
conico-cylindrical, low, the margin forming a thick parapet with 
a fosse. Surface smooth, without suckers or loophofes ; mvested 
with a deciduous epidermis. Substance firm and coriaceous, 
opaque. Disk flat, entire ; radii distinct Tentacles in several 
rows, very short, knobbed ; the heads more or less bilobate, and 
differing in form in the different rows ; perfectly retractile. 
Mouth, slit-like, furrowed. Stomach-wall protrusile. There 
are two British species. A. augtista, and A, neterocera. 

Gorrjnactis, — Allman. — Base expanded, adherent Column ver- 
satile, tall ; the margin forming a parapet with no fosse. Sur- 
face smooth, without suckers or loopholes ; not invested with 
any separable epidermis. Substance fleshy or pulpy, pellucid. 
Disk flat, entire, circular. Tentacles in several rows, all of the 
same form, each consisting of a conical stem and a globular 
head ; perfectly retractile. Mouth simple, protrusile ; lip 
coarsely furrowed ; stomach evertile. There is but one British 
species, G. viridis, 

Zoanthus, — Cuvier. — Base permanently attached ; spreading 
over rocks, stones, or shells, in either a linear or incrusting 
manner. Column pillar-like, higher than wide ; margin cut 
into strongly-marked teeth, which are united by a thin mem- 
brane. Surface smooth, excreting a mucus, in which occasion- 
ally grains of sand become imbedded, constituting an adven- 
titious epidermis. Disk slightly concave ; radii inconspicuous. 
Tentacles conical, pointed, similar in structure to those of the 
Actinvdce; wholly retractile. Mouth more or less protrusile, 
simple. Three British species have been discovered ; zT. Gouchii, 
Z. 8ulcatu$f and Z. Alden, 

Garyophyllia, — Lamarck. — Corallum simple, generally obscure, 
often with an expanded base, permanently adherent ; outline ovate 
or circular. Columella composed of several thin, naiTow, pointed 
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vertical plates. Palules broad, entire, in a single circle. Septa 
straight, oroad, projecting and forming six systems. Ribs (costa) 
straight ; developed only towards the summit, granulated. Soft 
parts translucent, the column very extensile, the disk protrusile, 
the tentacles set in several rows, diminishing in size from the 
outer row inwards, each consisting of a stem with a globular 
head. There is but one British species, C, Smithii. 

Paracyathus, — Milne-Edwards and Haime.— Corallum simple, 
subturbinate or cylindrical with an expanded base, permanently 
adherent. Columella very broad, terminated by a papillous 
surface, and formed by processes that appear to arise from the 
lower part of the inner edge of the septa, Palules of divers 
orders, forming two or more circles ; in general lobed at the 
summit, narrow, tall, and appearing also to arise from the lower 
part of the inner edge of the septa ; their size diminishing as 
they approach the columella. Plates (septa) nearly equal, very 
sligntly salient and closely set ; their lateral surfaces strongly 
granulated and sometimes presenting traces of imperfect dissepi- 
ments. They form four or five cvcles, and the systems are 
equalljr developed. Ribs (costai) nearly equal, straight, closely set, 
projecting very little, and delicately granulated. Three British 
species are known ; P. Tascilianus, P, Thulensis, P, pteropus. 

Sphenotrochvs. — Milne-Edwards and Haime. — Corallum simple, 
free, with no trace of adherence, wedge shaped, the superior 
extremity wider in all directions than the inferior ; transversely 
elliptical. Columella a single lamina, occupying the ereater 
axis of the calyx ; its upper margin flexuous and buobate. 
Palules entirely wanting. Plates (septa) extending to the colu- 
mella, or meeting in the centre of the visceral chamber ; broad, 
slightly salient, forming three cycles and six systems. Ribs 
(costoe) broad, not very prominent, in general, crisped or repre- 
sented by a series of papillous tubercles. There are two Britidi 
species, viz., S, Macanarevxinus, and 8. Wrightii, 

Ulocyathus, — Sars. — Corallum simple, free, turbinate, with 
traces of adherence (in the young state), on a very short, wedge- 
shaped, crooked, pointed base. Columella and palules entirely 
wanting. Ribs (costa) not at all prominent, sometimes obscure. 
Plates (septa) very thin, high, verv salient above the margin of 
the cups, distinct throughout their len^^ Calyx very deep ; the 
margin sinuous and ciisped. One British species, U. arcticus, 

Lophohelia. — Milne-Edwards and Haime. — Corallum tree-like 
or forming a branching thicket, the branches coalescing ; this 
form results from a gemination irregularly alternate and sub- 
terminaL There is no true coenenchyma, but the walls are 
very thick and scarcely-ribbed, Calices having a deep cavity 
with a reverted lamellar edge. Columella and palules wanting. 
Plates (septa) entire, salient, unequal, the principal ones united 
towards me lower part of their inner edges at the bottom of the 
visceral cavity, L. prolifera is the only British species. 

Hoplangia, — Gosse. — Corallum incrusting foreign bodies. Co- 
rallites rather short, formed by buds which spring from an 
expansion around the base of the parent permanently united to 
it (but not to each other) by the inferior portions of their walls. 
Wall surrounded by a thin porcellanous coat (epitheca), which 
permits the ribs to be traced through it ; granulate. Ribs (costce) 
thin, sharp, low, very unequally distinct. Columella a broad 
surface of rough papillsB, merging into the plates. Palules want- 
ing. Plates (septa) thin, scarcely salient, imequal, straight^ granu- 
lose, toothed on the edges, except the upper edges of the pnmaries, 
which are nearly entire, H, Durotrix is the only species ; it has 
been foimd in Weymouth Bay. 

BalanophvUia, — Wood. — Corallum simple, adherent, sub-pe- 
dicellate, cylindrical or subcorneal. Columella well developed, 
but not projecting at the bottom of the calyx ; of a sponge-like 
appearance. Plates (septa) thin, close-set ; those of tne last 
cycle well developed. Ribs (costce) distinct, narrow, nearly 
equal, crowded. Soft parts, actinia-like, richly coloured, with a 
protrusile mouth, not conspicuously furrowed, and bluntly 
pointed, warted tentacles without terminal knobs. B. regia is 
the only British species. 

In 1865 a new British genus and species were described by Gosse 
(* Annals of Natural History ') ; and we give his accoimt of it here, 

JEgeon, — Gosse. — Base adherent to walls with a moderate tena- 
city ; broader than the medium diameter of the colunm. Co- 
lumn irregularly distensible, not sinuous, somewhat versatile, 
but generally forming a tall, erect, thick pillar, the summit 
expanding ; the margin tentaculate ; surrace longitudinally 
fluted, each flute studded with a single row of minute warts ; no 
suckers or loopholes. Substance pulpy, membranous. Disk 
expanded, membranous, concave, revolute. Tentacles numer- 
ous, in several rows, long, lax, irregularly flexuous, scarcely 



retractile. Mouth not ordinarily set on a cone, but pouted 
after the reception of food ; lip thin. Gonidial tubercles promi- 
nent. Acontia wanting. JEgeon Alfordi is the name of the species. 
The data connected with the general geographical distribu- 
tion of these oiganisms are scattered so widely through zoo- 
logical literature that the task is beyond the powers of the 
compiler of this article ; and therefore the deteiled tables given 
by Bronn will form the basis of a few general observations, 
although such tables are now several years old, and much has 
been learnt since they were drawn up. The numbers must 
not, therefore, be considered as representing the present state of 
our knowledge. The Bugosa are unrepresented m modem seas. 
The TaJbuLata are represented by 4 genera and 22 species ; the 
genera are Seriatoporay PodUoporay MilUpora, and Heluypora, 
All the species of Seriaiopora are recent ; and so far as we Jbiow 
all of them inhabit the Red Sea. The 11 species of PocUlopora 
are more widely scattered ; 6 of them occur in the seas washing 
the southern shores of Asia, and 4 of them are found in the Red 
Sea ; 2 species are reported from the Mediterranean, while the 
localities of 5 are unknown. MilUpora is the only one of the 
four genera which has representatives in ancient and modem 
there are 5 recent species ; the Indian Ocean is the 
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habitat of one species, the Red Sea of two, the Caribbean Sea 
of one, and there is one species whose native country is im- 
known. The only species of Heliopora is a native of the Indian 
Ocean. Almost all the species of the TabukUa occur in low 
northern latitudes, and the majoritv of them are met with in 
the seas of the southern confines oi^ Asia, and in the Mediter- 
rannean ; while few have as yet been reported from the western 
hemisphere. It is especially noticeable how little connection there 
appears to be between the extinct and living forms. Thus 125 
species are known from the palseozoic formations, none from the 
triassic series ; but one from the oolitic series; 8 from the creta- 
ceous formation ; 3 from the eocepe ; none from the later tertiaries ; 
while, as already stated, there are 22 living species. Wliile 
Seriatopora is only known by living forms, the genera most 
nearly allied to it, according to Sronn's arrangement, viz., 
Rhahdopora, Dendropora, and Trachypora, are only represented 
in paloeozoic rocks. Again Pocillopiyra is recent, while Comites, 
closely allied to it, is exclusively palaeozoic. These facts seem 
to indicate either tiiat the evidence is yet very incomplete, or 
that the generally received classification is faulty. The order 
Tvbulosa IS confined to palaeozoic rocks. The order Aporosa, so 
rich in species, is best represented in the Indian Ocean, the Red 
Sea, and the Mediterranean, a few species being scattered 
through the Pacific and Atlantic Oceans. By far the greater 
nimiber are restricted to low latitudes and warm seas, a few 
stragglers only extending into the colder regions of the North 
Sea. The extinct forms are most concentrated in the meso- 
zoic limestones. The livinc species of Perforata are more abun- 
dant than the extinct. They are for the most part dwellers 
in the Indian Ocean, the Red Sea, and Mediterranean, in the 
Eastern Hemisphere ; and in the Caribbean Sea in the 
Western. The lossil species are most abundantly represented in 
the uppermost secondary and in the tertiary rocks. The Mala- 
codermata are unknown in the fossil state, but this is probably 
due rather to their forms being less adapted for preservation 
than to their not having lived during the past epochs of the 
geol(^cal record. The living species are distributed aU over the 
world, and there is probably no extensive coast line which does 
not support some species. The evidence as to their distribution 
is still very imperfect : so that at present we are scarcely in 
a position to draw conclusions with safety. The apparent rich- 
ness or paucity of the malacodermatous faunas of various 
countries depends chiefly ^pon the amount of attention which 
baa been given to them* Tbe richest coimMes are those which 
have been most examined ; as, for instance, the Red Sea, the 
Mediterranean, the West Indies, and the seas surrounding the 
shores of Britain. These remarks apply with greater or leas 
force to all the other orders ; so that great caution and much 
sifting of evidence is required before nigh importance can be 
attached to any general conclusions that may be drawn. 

Those who require details respecting the extinct species 
should consult the general work by Fromentel; the papers by tJie 
same author in * P^^ontologie Fran^aise' and * Caen Memoirs,' 
for the French species ; those by Reuss in the ' Sitzungsbe- 
richte' of the Acadefmy of Sciences at Vienna, for the German 
species ; those by Ludwig in * Palaeontographica,' edited by 
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Duncan in the ' Annals of Natural History/ ' Quarterly Journal 
of Uie Qeological Society/ and ' Philosopnical Transactions/ for 
the extinct forms of Australia. India, and the West Indies. 
T^e last-mentioned writer has also written an account of many 
British species in his ' Monogra^jh of the British Fossil Corals, 
Stud Series/ which is a continuation of the well-known work of 
Milne-Edwards and Haime. 

Messrs. Duchassaing and Michelotti have given considerable 
attention to the West Indian species of this class ; and in their 
latest memoir on them thev announce some general conclusions to 
which they have been led respecting tiieir geographical distri- 
bution. The McUacodermata are represented by tne genera Zoan- 
ihu8, PcUyihoa, and McmvnhoUifera, which appear to be specifi- 
cally more abimdant in the Caribbean Sea tnan anywhere else. 
Amongst the Aporosa there are a few species belonging to the 
Caryo^yUidcB and Turbinolidas, The AstrcMcB have a great de- 
velopment. The OcuHnidcB are represented by several species. 
The Fungidas are represented by a few Lophoserinas. The Perfo- 
rata afford a few genera only, namely, Dendropkyllia, Madreporaf 
and Pontes, The Tabulata are represented by MilUporay which 
genus is rich in species in this area. The authors describe as 
manv as 26 B{)ecies. On comparing the statements here made 
on the authority of the Messrs. Ducnassaing and Michelotti with 
those based on Bronn's tables, much discrepancy maybe noticed ; 
but it must be remembered that the researches on the Caribbean 
fauna were not published when Bronn's work was issued. Bronn 
only knew of one Caribbean species of MiUepora ; but a more 
careful examination of the district has increased the number to 
26. In the Antilles some species of ActinidtB continuously cover 
large areas of ground ; the species generally belonging to PcUy- 
thoa or Mammallifera, Some of the Madrepores reach a laige 
as for instance, Madrepora, Meandrina, HeliastrcDa, Colpo^ 
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phyllia^ Diploria, Dendrogvra, and Peetinia, which frequently form 
masses of about two or three cubic feet The species are abun- 
dantiv developed individually, the bottom of the sea being as 
completely covered by them as it is by Algss in Europe. The 
various species generally frequent certam peats of the shore only, 
so that a prolonged examination reveals the same evidence of 
arrangement in zones as is to be detected in the Zoantharta of 
the European shores. Some species are quite littoral, and are 
exposed to the air for several hours every day ; they are confined 
to the Aetinidce, such as ZoanthtUy Paly thoa, and mammaUifercu 
In the rock pools containing a small quantity of water are found 
affixed to the sides and under the ledges of the rocks numerous 
species of NeoporUes, Cosmoporites, and PorUes, At the level of 
the lowest tide mark, and for a few yards horizontally on eitiier 
side of it, occur species of Astrea, Madrepora, Solenastrea, PhyU 
langia, &c. At a greater depth, or in the zone permanently 
covered by from 6 to 10 feet of water, PUxawra, Eunice, Mumo, 
GolpojphyUia, Lithophyllia, Symphyllia, and MiUepora are the 
principal denizens. At still greater depths, or between 10 and 
20 feet, Dichoccmia, Stephanophyllia, ana Demnophyllia are met 
with. Beyond this depth the Zoaniharia are comparatively less 
abundant. 

Classijlcation of the Zoaniharia, The moat generally accepted 
classification is that proposed by Milne-Edwards and Haime, of 
which an outline is given in Polypifera, K C. A modification of 
it is given by Bronn in his ' ELlassen und Ordnungen der Thier- 
reichs.' Other classifications have been since proposed by Ludwig 
in * Palseontographica/ vol. xiv. ; by DuchassEong and Michelotti 
in their ' Memoir sur les Corallaires des Antilles / and by Verrill 
in the ' Proceedings of the Essex Institute,' iv. Although we feel 
how desirable it would be to give outlines of each of them, we 
find that were we to do so this article would be made too 
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1st Class. 


Actinia bexamera (Polypi). 


SUB-CLASSBS. 


1. Hexaotinia flabellata. 


2. Hexactinia pinnata. 


Ordbbs. 


1. Polycyathina ; developing by eggs and buds. 


2. Monocya- 
thina, develop- 
ing only by 
ova. 




SUB-OBDBBS. 


Sympbya : calices with or without exotbeca ; 
amalgamated together. 


Encalypta : cahoes free, but 
connected oy ooBnencbyme. 


Families. 


Pbleoda. 

Tbeoa without common 

bans. 

1 


Cbartoplin- 

tha. Tbeoa 

with common 

basis. 


Anablasta. 
Buds dere- 
lopedinthe 
upper part. 


Dendropbora. 

Dendritically 

ramified. 


Plaooda. 
Massed in 

flat masses. 


Tbromboda. 

Massed in 

knobs. 


Obnus. 

1. Liooyathina, with 
unooth calices 
and meaenteriet ; 
with and with- 
out tabul». 


Bpbcibs. 
Stromatopora. 
Calamopora. 
Cumulipora. 
Cbsetetes. 
Eunomia, &c. 


Species. 
Romeria. 
Pleurodic- 

tyum, in 

part 


Species. 
Fayosites. 


SPBCflES. 

Aulopoia. 


Species. 


Species. 
MiUepora. 


Species. 
Liocyatbus. 
Pyrgia. 


Spbcibb. 


2. Phrcbooyathina. 
Calyx longitudi- 
nally dirided ; 
with and without 
tabols and colu- 
mella. 


Catenipora. 
Heliohtes, &c. 


Michelinia. 
Pleurodic- 

tyum, in 

part. 


Crioopora. 
Seriatopora. 


Syringopbyl- 
lum. 
Tracbipora. 




Pocillopora. 

Pontes. 

Dendracis. 


Ptycbocyathus. 
Cystipbyllum. 


Ptychoohonium. 


3. Teniooyathina. 
Calyx with tu- 
berolei or rudi- 
mentary septa; 
with and with- 
out tabuln, colu- 
mella, and synap- 
ticulflD. 


Columnaria. 
Acenrularia. 
Polytremacla, 
&c. 


Agarida, &o. 


Hadrepora. 


litbostro- 

tion. 
Meryoyatbo- 

pbyllia. 


Lyellia. 

Smithia. 

Syringopbyl- 

lum. 
Heteroccenia, 

&c. 


Tbamnastnea. 
Dimorpbas- 

tnea. 

AsterocoBnia. 
Columnastnea, 

&c. 


Taeniocya- 

thus. 

Heliophyllum. 
Merycyatbo- 

pbylha. 
Dasmia. 


Amplexus. 
Menopbyllum. 
Acantbocbonium . 
CyatbotbaluD. 


4. Astroeyatbina. 
Calvx with broad 
•epta, reaching 
to the centre ; 
with and with- 
out tabuls, colu- 
mella, and ty- 
naptioule. 

• 


Lonsdaleia. 
Streptastrflsa. 
Meandastrssa. 
Heliaatnea. 
Pacbimeris, 
&c. 


Staoria, &o. 


Merulina. 
Apbastneo, 
«c. 


Eusmilia. 
Dendro- 
pbyllia, &c. 


Pacbypbyl- 
lum. 

Bhixangia. 
Lophosmilia. 
GaiAxea, &o. 


Dendrosmiha. 

Madraois. 

Echinopora, 


Astrocyatbus. 

Aulopbyllam. 

Cyclolitet. 

Fungidsa. 

Turbinolia. 

Thecosmilia. 

Caryophyllia. 

Disoocyatbus. 

Microbacia. 

Dasmia, &c. 


Amarynnopbyllum. 

Anisopnyllum. 

Hallia. 

Lophophyllum. 

Tetrapoyllum. 

Hadrapnyllum. 

Trochopbyllum. 

Cyatbodactylia. 

Diarygmapbyllum. 

Aulaicopbyllum. 

Zaphrentu. 

Cyatbaxonia. 

EexarygmaphyUnm. 
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lengthy. All we can attempt then is to refer as briefly as pos- 
sible to what appear to us to be the general features of each. 
The principal modifications suggested by Bronn are the exclu- 
sion of the Antipathida from the Zoantharia; the subdivision of 
the Zoanihariay for which he uses the nearly equivalent term 
Polycyclia, into the EnaUonemata and Parafnemata, the latter 
being formed for the reception of the single family, Oerianihidcej 
on account of its having a double set of tentacles, each chamber 
being provided with two. There are other differences, but they 
mostly refer to nomenclature and the grouping of the genera. 
Ludwig bases his arrangement on the mode of development. 
He finds from the careful examination of the sections of paheozoic 
forms, that all which came imder his notice were constructed 
upon the hexameral type. This, if true, breaks down what has 
long been considered to oe the great distinction between palaeo- 
zoic and neozoic corals. Externally the palaeozoic forms appear 
to be quadripartite, but this is caused oy a peculiar arrange- 
ment of the primary septa. Since, then, the Rugosa are 
hexameral like the other suborders, Ludwig abolishes it, and 
distributes the genera amongst them. His classification, as 
will be seen from the preceding table, has a very artificial appear- 
ance, since the groups have names descriptive of their external 
form : and tdl the genera are named upon the same plan, 
although this is not fully shown in the table. For example, in 
the first horizontal column with generic names, all the forms 
have smooth cells, and all have names beginning with Lio : and 
in like manner all those in the other horizontal rows have the 
prefix Ptycho ; Tanio, or Astro, according to their position ; the 
same method of naming is followed out in the vertical rows. 
Thus the well-known Auhpora appears in Ludwig's nomenclature 
in LiodendropJiora ; MilUpora hecomta LioUiroinboda ; Madrepora 
becomes TcsnioanabUuia ; and so we might proceed until the 
ordinary student would fail to detect his old friends under their 
new faces. 

The classification of Duchassaing and Michelotti does not 
differ greatly from that of Milne-Edwards and Haime : but 
they insist upon the importance of certain characters which had 
been previouslv but little employed in classification, such as tlie 
duplication ot the mesenteric, laminae, and the presence of 
acontia ; and thev call in question the practical applicability of 
Milne-Edwards* laws of the development of the septa to the 
tentacles. Thus in Pontes there are twelve tentacles, but they 
are situated in one line, so that no mere inspection would 
induce one to conclude they were in two series. They even 
take exception to his law of development of the hard parts as a 
distinctive character. In Milne-Edwards and Haime^ scheme, 
the number of cycles of septa is one of the most important char- 
racters ; but Duchassaing and Michelotti say they could not 
decide in many cases whether a species had five or six cycles. 
They further state that it is not always true that the most pro- 
minent septa were first formed, and cite as illustrative cases, 
IHplaria crdriformis. Caryophyllia cyathus, and others. 

We may mention here that from the researches of Duthiers it 
appears that the Antipathidce^ which are usually placed amongst 
the Aleyonariay should probably be ranked amongst the Zoan- 
tharia. Also, that CalceoUif which has long been associated with 
the Brachiopoda, should be transferred to tne Coral group. 

The main features of Verrill's classification will be seen in 
the following brief summary : — 

CJlass Cnidaria, or Polypi. 

Order I. Madreporaria, 

Sub-order I. Stauracea (Madreporaria rugosa). 

Families : Stauridce; Cyaihophyllidoi; Cyathaxonida ; Cys- 
tiphyllida. 
Sub-order II. Fungacea, 

Families : Cyclolitida ; Lophoserida ; Fungidas ; Meru- 
linida. 
Sub-order III. Astreacea^ 

Families: Lithophyllidoi ; MoMndrinidas ; Eusniiliada; 
Caryophyllidas ; Stylinida; Aatreinat ; OcvUnida; Stylo- 
phoriacg. 
Sub-order IV. Madreporacta {Madreporaria perforata). 

Families: Eupsammida; Gemmiporida ; Poritidce; Ma- 
dreporida. 

Order II. Actinaria, 

Sub-order I. Zoanthacea. 

Families : Zoanthido^; Bergida, 
Sub-order II. Antipathacea. 



Families : Antipathidce ; Gerardida, 
Sub-order III. ActiiMcea, 

Families: Actinidan ; ThalassiarUhidas ; Minyida; Jly" 
anthidoi; Cerianthida, 

There is a third order, the Alcyonaria, the families in which 
are given under Alcyonaria, E. C. S. 

ADANSONIA [E. C. i. coL 70]. This remarkable ijenus of 
plants has for a long period been represented by one species only, 
viz., the A, digitata of Africa, which rivals the mammoth tree of 
North America in its enormous girth, and the Victoria lily of 
South America in the great expanse of its delicate white blossoms. 
Of late years it has b^n increased by the discovery of a second 
species {A, Gregorit) in Australia. The Australian species closely 
resembles its African relative, but has a smaller fruit suspended 
on a short stalk. It also yields an agreeable acid drink, \^ich is 
much relished by the inhabitants of the sultry climates where it 
flourishes, who call the tree, from this circumstance, the Sour 
Gourd, and Cream of Tartar tree. It was discovered by Gregory 
in his travels through North- West Australia ; who describes the 
largest he saw as 85 feet in girth at two feet from the ground. 
More recent travellers in the same region repeatedly refer to 
isolated individuals and chimps of this tree, especially on and 
near the banks of the river Glenelg. 

The range of the African baobab is more extensive than is 
apparently implied in the former article. Not only is it foimd 
in Senegal and Abyssinia, but it is met with on the west coast, 
near Angola and far away in the south, on the shores of Lake 
Ngama, near the 21st degree of S. latitude. In this neighbour- 
hood, and generally in the south of Africa, it is called Mowana, 
while in the north it is called Kaka, or Monkey-bread tree. It 
is also called Mbuyu, or Calabash. Burton refers to it as the 
most characteristic feature in the flora of Eastern Africa, and as 
presenting a great variety of appearance. " In eveiy region," 
says this traveller, " it shows some difference and peculiarity of 
formation. It is not found in the mountains of Usagara, rarely 
in Unyamwezi, or to the northward. In the northern regions 
of Usukuma it is common. There appears to be two varieties of 
this tree, similar in bole, but different in foliage and in general 
appearance. The normal species has a long leaf, and the droop- 
ing of the outer branches gives to the outline the form of a 
dome. The rarer variety, observed only in Usagara, has a 
small leaf, in colour like wild indigo ; and its arms striking 
upwards, assume the form of a bowl." It is said to be more 
bulbous a short distance from the sea than on the coast, where 
the trunk is columnar, and the heavy extremities weighed down 
by the periodical winds, give it the shape of a lumpy umbrella. 
A, digitata is a conspicuous feature in tne scenery on the Zam- 
besi river. Baines has painted a specimen growing at Nyamak, a 
village on the banks of the Zambesi, which had a girth of about 
50 feet^ and which was in blossom at the time the sketch was made, 
viz., Nov. 14, 1859. 

(Lindley and Moore, Treasury of Botany, 1866; B\uion,Joum, 
R&y, Geog, Soc,, xxix., p. 63, 1859.) 

iEDELFORSITE [E. C. I col. 72], the name for two species 
of mineral ; the one a silicate of lime, and the other a hydro- 
silicate of alumina and lime. The silicate of lime occurs 
massive, fibrous, or feathery, and has a wliite or greyish colour 
combined with a vitreous lustre and a low degree of transparency. 
Its specific gravity is 2*58 and degree of hardness 5*5. it is pro- 
bably an impure wollastonite, as has been suggested by Forch- 
hammer. It is found in the following localities : Cziklowa, in 
the Bannat; ^delforss, in Sweden; and Gjelleback, in Norway. 

The second mineral referred to is a red zeolite or hydrous 
silicate of alumina and lime. This form is usually called 
Ketzite. It occurs in fibrous aggregations of a white, light grey, 
or reddish colour, and vitreous lustre. The specific gravity is 
2*6, and hardness 6. It has the usual properties of the zeolites, 
such as intumescing under the blow-pipc, and gelatinising with 
acids. In this respect it agrees with Heulandite [Heulandite, 
E. C], but it differs some^v•nat from that mineral in its compo- 
sition. The following is an analysis of Retzite by Ketzius : — 

Silica 60 28 

Alumina 15 42 

Peroxide of iron 416 

lime 818 

lAag:ne8ia and Peroxide of Man^neso . . . 042 

Water 1107 

99-53 

^PYORNIS. or EPIORNIS (St. Hilaire). Under Dinornis 
[E. C. vol. ii. col. 346J, a slight notice is given of the only species 
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then known. Although only a few eggs and bones have been 
found since the date of St.-Hilaire's paper, some extra remarks 
seem to be required, partly on account of JEpyomis maximus 
being the largest bird of which any evidence exists, and partly be- 
cause the eggs and bones discovered in 1861 may not have been the 
earliest facts recorded respecting this species. Travellers in the 
East, and eastern traditions, have frequent allusions to a gigantic 
bird of prey. The most moderate of tne statements assign to the 
bird a size so colossal that naturalists have at once condemned 
the statements as mere fables, and the creations of the lively 
imagination of the eastern mind. Sindbad the Sailor describes 
his experiences in connection with the rukh on two distinct 
voyages. He sajrs the egg was like a lai^ dome, and that 
it was 55 paces in circmmerence. The bird itself was able 
to carry off elephants with the greatest ease. The Arabian and 
Persian literatures contain several notices of a bird which 
carri^ off elephants as the hawk would a mouse, and which 
appeared to have only been seen at distant intervals. In the 
Persian literature it is called Stemurgh ; and El Kazweenee, one 
of Mr. Lane's correspondents, speaks of the anka, the greatest of 
birds. Marco Polo also heard of a large bird during his travels, 
which the people of Madagascar call a rvMi, " In form it is said 
to resemble the eagle, but it is incomparably greater in size, 
being so large and strong as to seize an elephant with its talons, 
and to lift it into the air, from whence it lets it fall to the 
ground, in order that when dead it may prey upon the carcase, 
rersons who have seen this bird assert that when the wings are 
spread they measure 16 paces in extent from point to point, and 
that the feathers are eight paces in length, ana thick m propor- 
tion." The texts of Sie celebrated traveller, however, differ 
widely as to the size of the bird and the place which it inhabited. 
The measurements given above are the smallest stated. In one 
text it is said to iimabit Madagascar ; and in another, certain 
isbmds which lay beyond Madagascar. It is not of much im- 
portance, perhaps, which is the correct version, since we find the 
locidity assign^ it in other accounts to be different. Thus, 
judging from what is said in the ' Arabian Nights,' we should 
conjecture the locality to be Sumatra, or some of the islands of 
the neighbouring archipelago. In an old map of the world 
constructed by Fra Mauro, the southern point ot Africa is said 
to be the place where is found a big bird capable of trussing an 
elephant, and possessing great powers of flight. Whether tnese 
stories be founded on fable or fact, certain it is that oriental 
writers make frequent mention of a gigantic raptorial bird, and 
the question whether any such bird ever existed in the regions 
referred to naturally suggests itself. 

It would be very rash to assert that the JEfyomis is the bird 
alluded to in any of these accounts ; and it is doubtful if they 
all relate to the same bird. Nevertheless, it is as well these stories 
diould be borne in mind, since there is un^uestionablv much 
that is common to the yEpyomis, and the gigantic bira of the 
East. St-Hilaire was of opinion that the ^pyomis was a 
brevipennate or struthious bird ; and if his opinion be correct, 
the rvJck and the ^pyomis were certainty not identicaL 
Duvemoy examined some bon^ fragments sent by M. Coquerel 
to France in 1854, amongst which was a portion of a tibia. He 
notices that this bone has a great analogy and even resemblance 
to the same part in the ostrich, but that there are, nevertheless, 
certain differences. It is more compressed in ^pyomis than in 
the ostrich ; the common form of the articular surface is very 
different ^m the corresponding part of the ostrich. His 
opinion is that it belonged to a terrestrial bird which may have 
had well developed swimming powers. Valenciennes examined 
the bones, and thought they indicated natatory habits. He 
found the metatarsus to be widely different from the same bone 
in Dromaius and Rhea^ but to have a strong resemblance to the 
metatarsus in the Palmipedes, This is shown by the length of 
the neck of the middle condyle, the obliquity of the pulley on 
which the outer digit plays, and by the groove on the anterior 
face of the bone, terminating in a rounded slope between the 
two condyles. On the internal face of each condyle is a small 
tuberosity, a diiq>06ition somewhat analogous to the hollow at 
the same spot on the metatarsus of Palmipedes, He thinks that 
^pyomis ought, perhaps, to be placed in the penc^uin family. 
The largest egg aescrilbed by St.-Hilaire had a long axis of 
12'95 inches, a short axis of 9*03 inches, and a circumference, 
measured in a line with its long axis, of 35*45 inches; a 
second measured 13^ inches longitudinally, 8j( inches trans- 
versely, and 334 incnes the long circumference. An eog ex- 
hibited by Professor Tennant at a meeting of the Zoolofidcal 
Society in 1863 had a long circumference of 35 inches. This 
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would be about twice the size lineally of the egg of the ostrich, 
or six times as large in bulk. Taking the egg as a basis, St- 
Hilaire considers the jEpyomis was not more than 3*8 metres 
high. The osseous fragments are said to have been found in the 
same bed from whence one of the eggs were obtained, but there 
is no clear proof that the eggs and the bones belonged to the 
same species. Of the bones, only one has been of much use in 
determining the af&nities of the bird to which it belonged. 
This bone has been carefulljr examined and compared by Bian- 
coni with the corresponding bone of numerous other birds 
representing all the great avian orders ; and the memoir in 
which these observations are given is really a monograph on the 
tarso-metatarsal bone in birds. The result of his inquiry is that 
the jEpyomis was a vulture, nearly allied to Sarcoramphw 
gryphus. If this opinion be correct, it thoroughly harmonises 
witn what Marco Polo says of the rukh. If, also, the birds dif- 
fered in size as much as do their tarso-metatarsi, perhaps even 
Marco Polo's measurements may be accepted as being little, if 
at all, exa^erated. The tarso-metatarsus of jEpwmis is five 
times as wide as the corresponding bone of the griffon ; and if 
its expanse of wing was greater in proportion, the alar extent of 
j^pyomis would fall little short of 40 feet, and 16 paces would 
be about 40 feet. 

Within the last few months M. Granddidier has discovered 
some more remains of the ^pyomis associated with the bones of 
a species of Hippopotamus, which will probably thit)w much 
light on its true affinities. Amongst the remains are a tibia, 
25 inches in length ; a femur of remarkably robust proportions, 
the diameter at one end being one-fourth the length of the bone ; 
several vertebrae, and a fragmental ec^. The association of the 
large bird with a large mammal, not living in the idand now, is 
a remarkable fact. 

The principal memoirs on this bird are those by St-Hilaire in 
the 'Comptes Rendus' for 1851 and 1854 ; and by Bianconi, in the 
' Memoirs of the Academy of Science at Bologna, Second Series,' 
voL xii. (1862) ; and Third Series, vol. iii. (1863), and v. (1865). 

AEROLITES [E. C. vol i. col. 72—83]. During the last ten 
or fifteen years a large number of memoirs have been devoted to 
the subject of aerolites. As a slight illustration of the extent of 
this literature, it may be mentioned that the >vriter has before him 
a b^ no means complete list of papers (published since 1855), 
entirely devoted to aerolites and meteoric irons, which would fill 
five pages of this Cyclopaedia. In addition to these there are 
many somewhat lengthv notices embodied in reports and papers 
whidi treat of other subjects besides Aerolites. On turning over 
this list the most frequently recurring names are Haidinger, 
Smith, Shepard, Greg, Maskelyne, Jackson, Newton, Rose, 
Damour, and Wohler. Much good work, however, has also 
been done by Faye, Kieselmayer, Buchner, Hams, Pisani, 
Daubree, Cloez, Des Cloizeaux, Sorby, and others. Considering 
that all the aerolites and aerosiderites that have been discovered 
would not, if collected in one heap, form more than a very small 
hillock, it may be asked by some why there should be so much 
interest attached to apparently so insignificant a collection of 
fragmentary stones. A short answer to this question is that, with 
the exception of the light of the sun and stars, they are the sole 
representatives of non-terrestrial bodies whose examination af- 
fords good reliable evidence as to the composition of those 
bodies, and the only materials we have for studying planets in 
the same way as the earth is studied. The facts aenved from 
the small heap of aerolites form the basis of pUmetology, by which 
name we would indicate a science analogous to geology. On 
the other hand, the following article may be considered an 
attempt to give a more lengthv answer to the same question. 

The phenomena attending tne fall of these bodies are so gene- 
rally alike that the description of some tluree or four suffices to 
^ve a tolerably accurate idea of alL The fiEuaious fvH at L'Aigle 
described in the Cyclopeedia has been closely paralleled of late 
years by the fall at New Concord, Ohio, on the Ist of May, 1860. 
The latter began with a loud report, which was distinctly 
heard over an area of 150 miles in diameter; the point 
frt)m which it appeared to come was over the soutiiempart 
of Noble County, Ohio. It was followed hj 23 detonations, 
a rumbling noise which lasted for two mmutes, and then 
by a shower of stones over an elliptic area 10 miles in length 
and 3 miles in breadth. The stones varied from small frag- 
ments to a mass weighing 103 lbs., and penetrated the ground 
in an oblique direction to a deptn of between 2 and 3 feet 
All had a black crust and a bluish-grey felspathic-like interior, 
spotted with points of nickeliferous iron. On a comparison of the 
statements of various witnesses it has been estimated tliat the height 
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of this meteorite was about 43 miles when passing over Noble 
County, that its course was from S.K to N.W., and that its velocity 
was a1x)ut 4 miles per second. According to Evans it was first seen 
over Washington County, about 39° 27' N. lat.. and 81' 8' W. 
long., and last seen over Noble County about 39 51' N, lat., and 
81** 34' W. long. Upwards of 30 stones were collected'; the 
smallest (8 oz. in weight) was foimd at the S.E. end, and the 
largest at the N.W. end of the area upon which they fell. 
People who saw the meteorite &om a distance described it as 
being like a ball of fire which left a luminous track behind it 
The only important point in which this fall differs from that of 
L'Aigle is in the greater size of the stones, and the position of 
the larger stones, which were at the S.E. end of the area of fall 
in one case and at the N.W. end in the other. 

On the 26th of May, 1751, two masses of iron struck the earth 
near Hraschina, about 75 miles W. of Szigetvar, in Hungary. 
This fall is the same as that mentioned in column 82 of the Cy- 
dopeedia, and imder Iron, E. C. From the documentary evidence 
not long since discovered by M. Haidinger, it seems that their 
Ml was preceded by the appearance of a tortuous flame, which 
soon changed into a fire-baU with a tortuous chain-like tail. It 
passed from Neustadt to Hraschina in a south-easterly direction, 
and was probablv between 40 and 50 miles high just before its 
fall, when its velocity being diminished by the resistance of the 
atmosphere it dropped to the ground. The pieces of iron weighed 
71 Ibei. and 16 lbs. respectively, but the latter has been lost 
The former was the iron in which the crystalline structure was 
first seen by Alois von Widmanstatten, an iron master. He cut 
a slice from the iron and polished it in order to see how it would 
behave when heated. It was observed to pass through the usual 
shades of straw-yellow, browniah-vellow, violet, and blue ; but 
there were also noticed groups of regular triangles formed by 
straw-coloured lines, which were so blended with others of blue 
and violet tints as to form a ^enomenon of great beauty. Those 
figures are now known as Widmanstatten^, but are generally 
obtained by etchinff with an acid, such as nitric acid. If the 
evidence is to be depended upon, it would seem that in this 
instance the motion was from N.W. to S.E. 

Or tiie 7th of June, 1855, an aerolite fell at St Denis Westram, 
near Ghent in Belgium, about 30 paces from a man and woman. 
Its fsJl was preceded by a noise like that of the rattle of car- 
riages, but without any loud detonation. It penetrated the 
ground to a depth of 2 feet, and on being immediately dug up 
was found to be hot, and to yield a sulphurous odour. It had a 
bluish-black colour, weighed 700*5 grammes, and had a specific 
gravitv of 3*29. 

On Nov. 30, 1850, an aeroUte fell close to the village of Shalka 
in BengaL Its fall was seen bv two persons, who state that it 
was preceded by a noise like thimder ; and that it penetrated 
the ground in fragments to depths varying from 3 to 4 feet. It 
was probably very hot, siuce the surrounding soil had the appear- 
ance of burnt clay. 

A fell of aerolites occurred on Dec. 27, 1857, at Quengyoak, 
near Bassein in Pegu. Three stones belonging to one aerolite 
were found 5 and 10 miles apart. The aerolite first appeared as 
an umbrella-shaped flame. At the termination of its visible 
path a loud report like a gun was heard, followed by a rumbling 
noisa An observer 200 miles S.E. of the spot where it fell 
describes it as being like a large star which rapidly increased to 
a size three times that of the moon, and leaving behind it a long 
tail. Haidinger concludes from various data that it had a height 
of from 80 to 100 miles ; that its original cosmical course was 
from KN.E. to W.S.W., which was changed to an E. and W. 
direction by the resistance of the atmosphere ; that the pieces 
were separated by an explosion ; that the fragments fittea each 
other ; and that the detonation was heard at 100 miles, but not 
at 200 miles. 

An aerolite which feU at Dhurmsala in the Punjaub on July 
14, 1860, was accompanied b^ a very loud noise followed by 
numerous detonations like artilleiy discharges, which are said to 
have made the earth shake. Three witnesses saw a flame pass- 
ing over the station from N.N.W. to S.S.E. after the first explo- 
sion had occurred. A great many stones were found which had 
penetrated the ground to a depth of 12 or 18 inches, and some 
of these when picked up are said to have so benumbed the 
fingers in consequence of meir iQtense coldness as to oblige them 
to be drqyped. The largest specimen weighed 320 Ibe. 

The phenomena which are common to almost all well observed 
aerolitic falls are the ap})earance of an apparently stationary 
cloud, a gliding luminous flame of a globular or comet-like form, 
fk loud but short noise like a clap of thunder or the report of a 



cannon, a series of smaller detonations like the discharge of mus- 
ketry, a rushing" sound, and the fall of one or more pieces ox 
stone or iron. The direction varies considerably, as will be seen 
by comparing the above-mentioned examples ; the stones seldom 
penetrate more than 4 or 5 feet, even in loose soil ; and they are 
sometimes hot and sometimes cold. 

There is much variation in both the chemical composition and 
the general structure of these bodies, but they always contaia 
elements which are found in terrestrial substances. These 
elements are for the most part those which form the largerportion 
of the outer crust of our globe, but they are somewhat diflferently 
combined. Moreover, as wiU be seen farther on, there are cer- 
tain terrestrial elements which are just as common in rocks and 
minerals, but which are comparatively rare or absent in the 
aerolites. Of the 59 or 60 elements known to the chemist, about 
18 have been found in aerolites, viz., iron, nickel, cobalt, mag- 
nesium, aluminium, chromium, calcium, carbon, copper, man- 
ganese, oxygen, phosphorus, potassium, sodium, silicon, sulphur, 
titanium, tin ; and m some cases antimony, arsenic, chlorine, 
hydrogen, lead. The most abundant are iron, nickel, magnesium, 
oxygen, silicon and phosphorus ; while tin, antimony, and 
lead rarely occur, and then only in tracea If we exclude the 
last three metals, this Hst comprises nearly all the more abundant 
of the terrestrial elements havm^ the smallest atomic weights. 

Aerolites are generally divided into meteoric tron* and meteoric 
stofus, which although an artificial arrangement will be here 
adopted in considering their chemical composition and properties. 
The irons may themselves be grouped in tmree divisions, according 
as they are composed — (1), of iron without any stony admixture ; 
(2), of iron mixed with gnuns of olivin ; and (3), of iron associ- 
ate with silicates, such as augite and olivin. By these last we 
may pass into the stones, some of which are lar^y composed of 
similar silicates, with a few grains of iron dispersed through 
them, while others contain no native iron. 

In the following table the composition of several meteoric irons 
are given : — 



Iron 


96-25 


94-l» 


93-39 


9243 


88-27 


n 


Nickel . . 


415 


7-18 


1-66 


6-27 


1081 


15-09 


Cobalt . 


•21 


_ 


•25 


•67 


.46 


256 


Manganese 


— 


— 


— 


— 


•13 


— 


Copper . 


•04 


— 


•45 


.06 


•07 


— 


Tin . . , 


•03 


~mm 


— 


•01 


-i- 


— 


Magnesium . 


, — 


•660 


— 


— 


•09 


. — 


Calcium . 


.» 


.350 


~. 


— 


.— 


— 


Silicium 


, — i- 


~. 


•38 


•02 


— 


— 


Carbon 


, .— 


— 


1-69 


•53 


•04 


— 


Sulphur. 


. .— 


tr. 


•67 


— 


tr. 


— 


Phosphorus , 
Besidue . 


... 


.— 


•18 


•01 


.^ 


•09 


, _ 


.-. 


w. 


— > 


i— 


•95 



1, is an iron found at Bohumilitz in Bohemia in 1829. 2. Nebraska 
territory in 1856. 3. Niakomak in Gh^enland in 1850. 4. Seelasgen near 
SchwiebuB, in Prussia in 1847. 5. The Pallas iron, found by PallaB in 
1772, at Eraanojarsk in Siberia. 6. Cape of Good Hope, near the Sunday 
and Bushman Biyer. 

The iron is never pure, but is always alloyed with a little 
nickel, and is generally associated with a small proportion of 
cobalt The rektive proportions of the iron and nickel vary, 
but in the majority of cases the two together form about 98 per 
cent, of the aerolite. There are two exceptions in the table, 
viz., Nos. 2 and 3. The first appears to be due to a nusprint of 
94 for 91, and the other ia remarkable for the large proportion of 
carbon and sulphur which it contains. The specific gravity 
varies from about 7*0 in specimens containing the least nickel, 
to nearly 7'9 in those which contain the largest proportion of 
that metal. On comparing the densities of iron and nickel, as 
obtained by the metallur:^t and chemist, with those of the 
meteoric irons, it may be inferred that their specific gravity is 
not greater in the aerolitic than in the terrestrial varieties. 
Suppose, for example, the Bohumilitz and Cape of Gk>od Hope 
irons be compuned with imaginary alloys having an analogous 
composition. The average specific gravity of ^y cast iron is 
7*1 ; of white cast iron, 7*6 ; and of malleable iron, 7*6 ; while 
the latter occasionally rises to 7*8 or 7*9. The specific gravity of 
nickel is 8*27, which is increased to 8*66 by forgmg. 

It wiU be noticed that the specific gravity of meteoric iron 
does not exceed the limits through wmch the terrestrial iron 
ranges, although the former always contains more or less of the 
heavier metal nickeL In many respects it has some resemblance 
to ordinary malleable iron ; and, generally speaking, is capable 
of being welded or converted into cutting instruments lixe it, 
although there are instances in which the meteoric iron has been 
too brittle to work. It is remarkable, however, that the specific 
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gravity, the hardness, and brittleness of meteoric iron frequently 
vary considerably even in the same specimen. An example of 
this kind is afforded by the meteoric iron discovered at x^ew- 
stead in 1827, but not removed from the spot of discovery imtil 
1861. It was found in clay four feet below the surface of the 
ground, and weighed 32| lbs. It is a warty mass, 1^ feet in 
girth, joined to an acuminated extremity. According to Dr. 
Smitn, its appearance is unlike that of any manufactured metal, 
and suggests the idea that the extremity which is now the 
smaller and more pointed first reached the earth in its descent, 
while the larger extremity shows the part least affected by the 
shock. It was cut in two, and the sunaces, when polishea and 
treated with nitric acid, showed the Widmanstatten figures. 
These figures were smaller than is usually met with in meteoric 
irons. The specific gravity of the lobed portion was 6*19, and 
that of the pointed end 6*74 ; while the difference in hardness 
between the outer and inner parts of the metal was readily 
detected by means of a graving tool. This difference is attributed 
to the effects of sudden cooung, especially at the point, from 
contact with the surface of the earth. The etchings of the iron 
clearlv indicate that the grain was much closer at the pointed 
end than in the middle of the mass ; and parts of the iron were 
so brittle as to be easily powdered in an iron mortar. Its com- 
position was — ^iron, 93*61 per cent ; nickel, 4*86 ; silica, '91 ; 
and carbon, '59. 

In most irons a minute proportion of the iron and nickel, and 
probably all the phosphorus, are combined into a crystalline 
compound which is insoluble in acid, and which constitutes the 

great bulk of the residue left when the aerolite is dissolved in 
ydrochloric acid. It constitutes the mineral known as Bch/reUh 
ersite. The carbon occurs partly in the free state as graphite, 
and ^rtly combined with the metal, forming a carbide of iron, 
or with hydrogen and oxygen. The silicon is generally com- 
bined with the metal as sihcide of iron. The sulphur is com- 
bined with iron, and forms a sulphide, which is generally the 
proto-sulphide Fe S, although this is frequently mistaken for 
the more basic sulphide Fyrrhotiny which rarely occurs in 
aerolites. The name TroUite has been given to this sulphide. 

The more important points observable in these non-terrestrial 
irons are that they are quite unoxidised, that they contain an 
exceptionally large proportion of nickel, and that they have a 
well-marked crystalline structure. As some of the meteoric 
stones are also remarkable for containing very little oxygen we 
shall say nothing about the first point at present, but will notice 
some of the attempts made to imitate the crystalline structure. 
The most successful have been those of Daubree, but he has not 
yet obtained a perfect imitation. On simply fusing an aerosi- 
derite in a clay crucible a mass was formed which although crys- 
talline did not show the characteristic fibres. When soft iron 
was fused along with nickel, proto-sulphide of iron and silicon, 
a highly crystalline mass was obtained, but without presenting 
any marked resemblance to the natural specimens. On adding 
about 5 or 10 per cent, of phosphide of iron and a little nickel 
to about 5 lbs. of soft iron, and fusing the mixture, there resulted 
a mass which when cooled, polished, and etch^, exhibited a 
dendritic pattern amidst which fine, bright lines were disnersed 
in a reticulated form. A still better result was obtainea with 
the irons formed by melting together such terrestrial rocks 
as Iherzolite, hypersthene, basalt, and melaphyre. They re- 
sembled many siderolites both in structure and composition, 
containing like them nickel, chromium, and phosphide of iron. 
Since the peculiar crystalline structure appears to be depen- 
dent on the presence of iron, nickel, and phosphorus, it is 
generally supposed that the Widmanstatten ngures are due to 
the phosphide of iron and nickel ; but, according to some 
authorities, they are rather to be attributed to the concurrence 
of two alloys of nickel and iron having different degrees of solu- 
bility. However this may be, it is noticeable that these figures 
are not seen in the specimens which contain the largest propor- 
tion of nickel ; while the Newstead iron, which according to the 
analysis contains no phosphorus, does show them. 

In many meteorites the iron is in a spongy state, containing 
cavities filled with olivin, silicate of lime and iron, and a few 
other minerals. Sometimes the minerals can be readily detected 
with the naked eye or with a lens, but frequently notning short 
of a chemical i^ialysis, or examination with high microscopic 
powers, will indicate their presence. The Pallafl iron is a good 
example of this group (or stderolitesy as it has been called), and 
contams large well developed crystals of olivin ; the specimen 
found at the Sierra de Chaco, Atacama, in 1862, consisting of a 
mixture of iron and stone^ is a second example ; and the breccia- 



like fragment of iron and stone found at Copiapo, in 1863, is a 
third. As this group comprises but few specimens, and these 
combine the characters of the siderites and aerolites, we will 
pass on to consider the latter. 

The stones that fell in Harrison County, Indiana, on March 28, 
1859, illustrate the general composition of most of the aerolites 
containing iron. Their mean specific gravity was 3'46. Tlie 
magnet separated a powder formed of portions of them into 4*91 
per cent, of nickeliferous iron, and 95*09 of earthy material 
When the latter was treated with acid, it was resolved into a 
soluble portion comprising 62*49 per cent of the whole, and into 
an insoluble portion, forming the remainder, or 37*51 per cent. 
The metallic portion had tne composition shown in the first 
column below, and the earthy that shown in the second : — 

Iron . . . 86-781 SiUca . . . 47*06 

Nickel . . . 13-241 Oxide of iron . . 2606 

Cobalt . . -342 Magnesia . . 27*61 

Copper . . . '036 Alumina . . . 2-36 

PhosphoruB . . *026 Lime . . . *81 

Sulptur -022 Soda . . . -42 

Potash . . . *68 

Peroz. Manganeae tr. 

From this it appears they are composed of nickeliferous iron, 
phosphide of iron and nickel, sulphide of iron, olivin^ augite and 
albite, in about the following proportions : — 

Nickeliferous iron . 4*989 

Sohreibersite '009 

Suli)hide of iron . -001 

OUrin 61* 

Augite and albite ....... 34* 

The Guernsey aerolite of 1860 ga^e the following results as 
the composition of (1) its metallic portion, and (2) its earthy 
portion ; while (3) indicates the proportions or the consti- 
tuents : — 

(1-) (2.) (3.) 

Iron . . 87*011 SiUca . . 47*30 NickeUferous 

Nickel . . 12*360 Oxide of iron. 28*03 iron . . 10*690 

Cobalt . . *421 Alumina . -31 Sohreibersite. -006 

Copper . . tr. Magnesia . . 24*53 Sulphide of 

Lime . . -02 iron . . -005 

Phosphorus -012 %^^] . . 104 Olivia . . 56*884 

Sulphur . 1*080 Manganese . tr. Augite • 32*416 

The meteorite that fell at Chahtonnay, Aug. 12, 1812, is com- 
posed of nickel iron and silicates ; the latter are in the propoi^ 
tionof51*I per cent, of olivin, 38*01 augite, and 10*01 laora- 
dorite. That which fell at Blausko in Moravia, Nov. 25, 1833, 
is composed of 20*13 per cent, of nickel iron, 2*97 sulphide of 
iron, *63 chrome iron, 35*18 olivin, 33*89 augite, and 17*30 labia- 
dorite. The Utrecht stone of June, 1843, is a mixture of olivin, 
augite, oligoclase, nickel iron, and magnetic pyrites. The Klein- 
Wenden stone of Sept. 16, 1843, is a similar mixture to the last, 
but it contains labradorite in the place of oligoclase. The stone 
that fell at Bethlehem (New York), Aug. 13, 1859, closely re- 
sembles that of Klein- Wenden. The Montrejean stone of Dec. 9, 
1858, contains 10*04 per cent of nickel iron, 1*71 chrome iron, 5*72 
sulphide of iron, 45*08 olivin, and 37*51 felspar and hornblende. 

The following are examples of aerolites which contain no 
native iron. The Bokeveld stone, which fell Oct 13, 1838 ; it is 
composed of 6*4 per cent of nickel-iron sulphide, 1*11 chrome 
iron stone, 84*32 olivin, 5*46 undecompodble silicates, and 1*92 
carbon and bituminous matters. The Eaba stone of April 15, 
1857, is very similar to the last, in being mainly composed of 
olivin, and in containing carbonaceous matters. The Lontalac 
stone of Dec. 13, 1813, is also largely composed of olivin. The 
Chassiguy stone of Oct. 3, 1815, consists almost entirely of olivin, 
and is, in this respect, almost unique. It differs from most aero- 
lites in its pale yellowish tint It forms the extreme of a series, 
the opposite end of which is fonned by such stones as those of 
Juvenas and Stannem, which consist merely of anthophyllite and 
anorthite, while olivin is absent Another remarkable example 
is the aerolite of Oi^euil. It is a black mass, remarkably porous, 
and of comparatively slight density, or 2*56. A number of 
minute shining crystals of pyrrhotm are scattered through it 
It also contained a few crystals of breunerite or carbonate of 
magnesia and iron. But the most interesting compounds are 
the black matter and the water of combination. The former 
appears to be very similar to humus, which is a common in- 
gredient in lignite and peat. In the Kaba and Bokeveld 
stones^ the carbonaceous matter is diilerent, being either amoi^- 
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phous carbon, or a bitiuuinous Bubstance analogous to scheererite 
or ozokerite ; but the AlaiB stone also contains a humus-like sub- 
stance. The Stannem aerolite which fell May 22, 1808, con- 
sists of 65*15 per cent, of augite, 34*92 anorthite, "98 magnetic 
oxide of iron, and *54 chrome iron. The Juvenas stone, which 
fell June 3, 1821, is composed of 62*65 per cent, of augite, 34*56 
anorthite, '60 apatite, *25 titanite, 1*35 chrome iron, 1*17 magnetic 
oxide of iron, and *25 magnetic pyrites. This is also nearly the 
composition of the Jonzac stone of June 13, 1819. The aerolite 
which fell at Bishopsville in South Carolina, March, 1843, is a 
yery peculiar one, consisting mainly of a white mineral having 
the composition of 67*14 per cent, of silica, 1*48 alumina, 1*70 
ferric oxide, 27*11 magnesia, 1*82 lime, and *67 water; this 
answers to a silicate of magnesia with the formula 2Mff 0. 3Si 0^ 
and to which the name chUidnite has been assigned. This mineral 
is also thickly scattered through one of the Ohio stones of 
May 1, 1860, which are described as being chiefly composed of a 
pearl-grey oUvin, havins imbedded in it snow-white specks of 
chladnite, points of nickelic iron, broad patches of pyrrhotin, 
and black grains of chromite. The St. Denis Westram stone of 
June 7, 1855, is somewhat analogous to that of Bishopsville. It 
is partly comnosed of a whitish pumice-like material, and of a 
second resemoling a dark ash-coloured pearlstone. The latter 
has the following composition, according to Von Hauer. 

SiUca 67-66 

Alumina tr. 

Oxide of iron 20*65 

Lune 1*53 

Magfnesia 19* 

This is a silicate of iron and magnesia^ to which the name 
Piddiiigtonite has been assigned by Haidmger. The stone that 
fell at Bustee, near €k>ruckpor, Dec 2, 1852. is specially remark- 
able for containing a yellow transnarent sulphide of calcium in 
the form of cubic crystals, to whicn the name Oldhamite has been 
given. It is associated with several other minerals of unknown 
composition. 

In almost every instance these remarkable bodies are covered 
on one or more sides by a shiny dark-coloured crust, whose 
thickness is variable, but never very thick. The form of the stone 
or iron is generally somewhat pyramidal, the crust invariably 
coats the larger end, and sometimes extends over the sides. The 
larger end is usually rounded, and marked with shallow pits ; 
the lateral edees are frequently sharp, especially towards the 
narrower end, but are frequently more or less rounded towards 
the tldcker end. This crust is generally thought to have been 
fonned by the fusion of the surface of the meteorites by the 
intense heat generated during their passage through the air, and 
before they detonate. 

In some cases, however, the crust may be formed after the 
detonation, as is exemplified by the Butsura stones which feU 
May 12, 1861, within a few miles of each other. Some of the 
fragments were entirely coated with an incrustation, while others 
were not. When brought together, however, they accurately fitted 
each other, indicating clearly that they originally formed but one 
stone. Hence it is mferred that some were separated from the 
parent mass under conditions allowing of the subsequent forma- 
tion of a crust, while in the others those conditions were absent. 

The structure of meteorites presents many exceedingly inte- 
resting phenomena. In most cases it strongly resembles the 
oolitic structure of many terrestrial rock^ A number of 
spherules with a radiated structure are thickly dispersed through 
a more compact base, which spherules appear as though they had 
been formed before the stone had consolidated. Tnus in the 
Borkut meteorite the spherules have been split in two, and the 
parts slightly separated from one anotJier. Sometimes they are 
surrounded by a shell of sulphide of iron, and dispersed amidst 
the base alone with ciystals having a similar composition to 
themselves. Not unfrequently small fissures filled with metallic 
iron traverse the stone, and even pass through the spherules so 
as to shift the relative positions of their parts, as in the pheno- 
menon called a heave oy miners. This structure, which has 
caused the meteorites possessing it to be distingmshed as chon- 
driiic, has been carefully studied by Sorby. His remarks on the 
subject are so important that we quote them in fulL The names 
in parentheses indicate the meteorites in which the ^pearance 
mentioned was more especially observed : — " In the first place, 
it is important to remark that the olivin of meteorites contains 
most excellent ' glass cavities,' similar to those in the olivin of 
lava, thus proving that the mineral was at one time in a state of 
igneous fusion. The olivin also contains 'gas cavities' like 



thbse so common in volcanic minerals, thus indicating the pre- 
sence of some gas or vapour (Aussun ; Pamallee). To see these 
cavities distinctly a carefully prepared thin section and a magni- 
fying power of several hundreds are required. The vitreous 
substance found in the cavities is also met with outside and 
amongst the crystals, in such a manner as to show that it is the 
uncrystalline residue of the material in which they were formed 
(Mezo-Madaras ; Pamallee). It is of a claret or brownish colour, 
and possesses the characteristic structure and optical properties 
of artificial glasses. Some isolated portions of meteorites have 
also a structure very similar to that of stony lavas, where the 
shape and mutual relations of the crystals to each other prove 
that they were formed in situ, on solidification. Possibly some 
entire meteorites should be considered to possess this peculiarity 
(Stannem ; New Concord), but the evidence is by no means con- 
clusive, and what crystallization has taken place in situ may 
have been a secondary result ; whilst in others the constituent 
particles have all the characters of broken fragments (L'Aigle). 
This sometimes gives rise to a stmcture remarkably like that of 
consolidated volcanic ashes, so much, indeed, that I have speci- 
mens which, at first siffht, might readily be mistaken for sections 
of meteorit^ It would, therefore, appear that after the material 
of the meteorites was melted, a considerable proportion was 
broken up into small fragments, subsequently collected together 
and more or less consolidated by mechanical and chemical 
actions, amongst which must be classed a segregation of iron 
either in the metallic state or in combination with other sub- 
stances. Apparently this breaking up occurred in some cases 
when the melted matter had become crystalline, but in others 
the forms of the particles lead me to conclude that it was broken 
up into detached globules while still melted (Mezo-Madaras ; 
Pamallee). This seems to have been the origin of some of the 
round grains met with in meteorites ; for they occasionally still 
contain a considerable amount of glass, and the crystals which, 
have been formed in it are arrangeii in groups, radiating from 
one or more points on the external surface, in such a manner as 
to indicate that they were developed after the fragments had 
acquired their present spheroidal shape (Aussun, &c). In this 
thejr differ most charactcoistically frt)m the general type of con- 
cretionary globules foimd in terrestrial rocks, in wnich they 
radiate firom the centre ; the only- case I know at all analc^ous 
beins that of certain oolitic grains in the Kelloways rock at 
Scarborough, which have undergone a secondary crystallization." 

There are many other points connected with these bodies 
which we had singled out for treatment, such as Daubree's 
experiments on the synthesis of aerolites ; general deductions 
based upon the chemical composition of these wanderers from 
space : a comparison of the times when, and places at which, 
they have fulen ; and the relation between the olivinitic 
aerolites and the olivine rocks of Norway, New Zealand, and 
elsewhere, as well as serpentine ; but we must content our- 
selves with a general outline of Daubree's experiments, as 
being the most important By melting down fra^ents of 
Uierzolite, a rock consisting almost entirely of au^te, along 
with crystals of olivin, in the presence of a reducing agent, 
a stony mass was obtained in which the iron had separated out 
as minute grains, which were attracted by the magnet The 
mass presented the general features of an aerolite, and even 
some of their minute details. Another method of imitation 
was to melt silicide of iron in a cracible of magnesia. By 
heating a mixture of silica, magnesia, nickeliferous iron, and the 
phosphide and sulphide of iron, a triple phosphide of iron, 
nickd, and magnesium was obtained. 

ALABANDlNE, the name for manganese blende ,* not 
Alabaudine, as in the Cyclopsedia. The same name was also 
given by PHny to the carbuncles which were cut and polished 
at Alabanda. They were also called Alamandine, which term, 
in its modified form, Almandine, is applied by mineralc«;ists to 
the iron-garnets. [Garnet, E. C., Almandine, E. C. S.J 

ALAUDINiE [E. C. vol. i. cols. 105, 106]. Alauda. 

A, arvensiSf the common Skylark. The wide range of this 
species across the great Europaeo- Asiatic continent has been 
noticed in the E. C. voL L col. 106. Although well known, too 
little attention has been paid to the great variations which it pre- 
sents in its size and the distribution of its colouring; and hence 
there is much uncertainty as to whether the species nearly allied 
to it in general appearance, and which occur in geographical 
areas contiguous to its own, are really distinct species, or simply 
geographical varieties. Several supposed species have been re- 
cently founded which have subsequently been admitted, after 
the examination of a large number of specimens, to be varieties 
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only. This is well seen in the three species, A, arvemis, A, canta- 
relia (Bonop.) and A» cc^ivox (Swinhoe). 

In North China, more especially in the neighbourhood of 
Pekin, A, arvenns appears to be represented by a variety which 
has a smaller body than the English bird, and yet the wings are 
longer ; its colours are generally duller ; and there is an absence 
of mat oHye-^ellow tinge which occurs in English specimens ; 
the crest also is much smaller. This form was separated by Mr. 
Swinhoe as a distinct species under the appellation of A, 
fekinensiSf but subsequently he admitted it to be specifically 
identical with A, arvensis. The size of the Pekin bird is, 
in inches: length 7*5 ; wing, 4*7; tail, 3*1; and tarsi, '9. This 
variety also ranges into Amoorland. 

Farther south, or at Shanghai, and along the valley of the 
Yang-tse river, there is another form which is intermediate in 
character between the Pekin variety just noticed and A, coelivox, 
which inhabits the southern parts of China. Swinhoe, referring 
to some specimens of this form, says that '' they constitute an 
intermediate race, which mi^ht by analogy be expected to occur 
on the boundaries that divide the northern race from that of the 
south ; and certainly, geographically speaking, the Yang-tse 
river may be considered the dividing line of the northern area of 
China from the southern. This bird may, perha^, be regarded 
as a hybrid form between the two species, which in this locality 
mav be supposed to meet. I could not discover anv striking 
difi^rences in the song of the Shanghai bird from that of A, 
coelivox^ nor yet from that of the Pe&n lark. But in size and 
general appearance the three appear certainly distinct The 
Shanghai species may be characterised as intermediate to A, 
pekirungis and A, caelivox, with ^proportionately longer wings 
than either, and less crest than the latter. Its first primary 
quill is more nearly of a length with the second than in the 
Pekin lark.'' The len^h is 6*8 inches ; wing, 4*2 ; tail, 2*8 ; 
and tarsi, *9. The specimens from Formosa have the spots on 
the back lai^ger, and the streaks on the breast much broader and 
more numerous than in those from the neighbouring mainland. 

A, ccelivox occurs in the south of China, extending from Foo- 
chow to Canton, and probably into Formosa. In this form the 
plumage is of a much richer hue than that of either of the two 
foregoing species ; the body is smaller, but the crest is more 
develop^. Length, 6*5 inches ; wings, 3*6 ; tail, 2*4 ; and 
tarsi, -O. 

The idea suggested that A, cantarella is a hybrid of the other 
two kinds of mrk may, we think, be safely rejected, since there 
is no direct evidence in support of it, and it is quite contrary to 
ordinary experience for by orid forms to occur in a distinct geo- 
graphical area from both its assumed parents. The three kmds 
of lark should be regarded either as three distinct species, or as 
three varieties of the same species. In any case it is interesting 
to notice the gradation of characters perceptible as we pass from 
the northern to the southern birds — a gradation which appears 
to occur also amongst the larks of Europe, for specimens nave 
been shot in Engkjid identical with those of Pekm, and others 
have been seen at Geneva and Florence identical with those of 
Shanghai ; and probably specimens of A, coslivox will be found 
in the south of Europe or north of Africa. A careful search 
for the minutest variations would not unlikely lead to the col- 
lection of such evidence as would settle the question whether 
these three distinct forms are or are not varieties of A, arvensis, 

ALBERTITE, or, as it is frequently called, Albert coal, is a 
mineral which resembles the Boghead coal in chemical composi- 
tion, and, like that substance, nas been the subject of much 
liti^tion in the American law courts, and of discussion amoi^t 
geologists as to whether it is a coal or not This is a point which 
cannot be settled so long as there is no precise and generally 
acknowledged definition for the term coal, and which will probably 
only be established hj a thorough investigation into the chemical 
composition and ori^ of the various hydrocarbonaceous mine- 
rals, such as coal, bitumen, asphalt, and petroleum. Although 
the chemical evidence maV be as important as the geological, 
we shall in this article connne ourselves to the latter. 

The two principal localities of albertite are those which 
have been longest kno¥m. About 18 years ago a farmer at 
Mountgerald, near Dingwall, found a vein of coal-like substance 
in one of his fields, and used several cartloads of it as fuel Two 
or three years after, or about 1850, a Mr. Duff discovered a 
similar substance (wliich he at once worked for fuel), in Albert 
county. New Brunswick. This latter deposit has been worked 
ever since, and is generally known as the Albert Coal Vein. 

The New Brunswick locality is situated near the head of the 
Bay of Fundy, and within a few miles of the Petitcodiac river. 



The rocks of the district occur for the most part in long 
irregular strips or bands, which run in a N.E. ana S.W. direc- 
tion. The western shore of the Bay of Fundy is bordered by a 
fringe of pre-carboniferous rocks ; farther inland is a broad band of 
lower carboniferous beds, which in its southern extension abuts 
upon the flanks of hills formed of Huronian strata ; while Qtill 
fEulher inland is the carboniferous limestone. The pre-carboni- 
ferous fringe lining the Bay of Fundy terminates northward in 
a bold rounded projection, around the end of which are the 
lower carboniferous strata, containing the vein of albertite. 
The lowest of theto strata consist of pyroschists or shales satu- 
rated with bitimiinous matter, and capable of being used as fuel. 
The same shales are again met with a few miles off, at a spot where 
petroleum springs exist Their thickness is about 1000 feet, and 
they abouna in tne fossil remains of fishes. Above them is a bed 
of sandstone, followed by a conglomerate about 200 feet thick, 
which is partly composed of fragments of albertite and bituminous 
shale. The beds above the conglomerate are red marl, bluish 
siliceous limestone, immense deposits of gypsum, red con- 
glomerate and sandstone. 

That portion of the carboniferous strata which is situated 
between the termination of the pre-carboniferous ridge on the 
S.E. and the Petitcodiac River on the N.W. is bent into an arch 
or anticlinal fold, the axis of which is directed towards N. 10° £. 
This axis passes through the Albert mines, and its northerly 
extension would, if continued, pass through the oil-wells already 
referred to. The dip of the strata on either flank of the fold is 
not great, but the crown of the arch has been much fissured and 
the shale much contorted. The albertite occurs in a fissure or 
vein which runs in nearly the same direction as the anticlinal 
axis, and is often vertical, though occasionally it inclines to- 
wards the N.W. at an angle of about 80°. The vein is very 
irregular along the line of its course, being shifted repeatedly to 
the south by a series of small faults, and varying in width m)m 
28 feet to a few inches. The vein is also irr^ular in thickness 
when followed in a downward diiection. Wherever it passes 
through a hard rock it is narrow, but where it passes through a 
soft one, it bulges out ; and, generally speaking, it is wider in 
its lowest part than in its Im^hest That the deposit is not a 
bedded one is abundantly evidenced by the absence of a fire-clay 
floor, so characteristic oi ordinary coal beds, and by the way in 
which it cuts through the conglomerate and nearly horizontal 
sandstone. Where the vein passes through the shales little 
branches of albertite are given off from it, and pass between the 
laminsd of the shales for a few inches. 

In addition to the main vein there are two minor ones which 
cut it at an oblique angle, and which, like it, intersect the 
stratified deposits almost vertically. These two veins are 
parallel to a number of other fissures which intersect the rock 
m the same way. Wherever the conglomerate is well exposed it 
is seen to have a gentle dip and to be traversed by a series of 
vertical joints, two of which are filled with threads of albertite. 

If now we pass to the Scotch locality, indications of precisely 
the same phenomena are seen there. The Ross-shire railway 
cuts through a hill called the Craig, a short distance to the 
north of DingwalL The strata appear to be shale surmounted 
by sandstone, conglomerate, and ooulder clay. The beds are 
much contorted, and the sandstone appears to be imconformable 
to the shale. The shale dips towards the N.W. on the one side 
of the cutting, and S.E. on the opposite, indicating an anticlinal 
fold with a strike running from S.W. to N.E. The sandstone 
and conglomerate above it dip towards the N. at the commence- 
ment of the cutting, and towards the S. at its end, showing that 
they also partake m the fold, the strike of their beds heina E. 
and W. The veins of albertite run in a S.E. and N.W. direc- 
tion through the sandstone and coimlomerate, and vary in thick- 
ness from one to three inches. They are very numerous, 28 
having been seen in the course of the cutting. These fissures 
appear to correspond to the minor series of veins in the Albert 
mine district, and suggest the idea that there may be a larger 
vein connected with them ; which is rendered the more probable 
by the fact that in the boulder clay small pieces of coaly matter 
occur in remarkable abundance. The Scotch albertite is a 
black shining substance which breaks with a conchoidal frac- 
ture, becomes electrical wlien rubbed, and bums with a smoky 
flame. Similar veins of albertite, or of a substance resembling 
albertite, have been found at Memramcook, Westmoreland 
county, New Brunswick; at Huetamo in Mexico; in Ritchie 
county, Virginia ; in the Quebec group of rocks in Canada ; at 
several places along the south-eastern flank of Ben Nevis ; and at 
Strathpeffer in Ross-shire. The Scotch albertite occurs in rocks 
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belonging to the Old Bed Sandstone series. It is very probable 
that albertite oocuis in a good many other localities ; since there 
axe frequent allusions in geological works to a black combustible 
coal-like matter lining crevioes in the strata^ which seems to be 
very like albertite. In the Devonian and Silurian rocks of 
Canada, this substance is evidently the result of the oxidation of 
petroleum. There are certain strata abounding in corals which 
are penneated with a fluid petroleum ; and in localities where 
these are exposed along their outcrops to the lengthened influence 
of the air, the petroleum is converted into a coal-like substance, 
which is apparently identical with the veins of solid hard carbo- 
naceous matter in the Silurian rocks of Eastern Canada. In Sir 
W. Logan's < Geology of Canada' (1863), p. 625, it is stated that 
"this substance has been observed at Quebec, Orleans Island, 
Pointe L^vis, Sillery. St. Nicholas, Lotbini^re, Drummondville, 
Acton, the vicinity ot the Chatte river in Gaspe, and many other 
places. It flUs veins and fissures in the limestones, shales, and 
sandstones, and even in the trap rocks which traverse these. 
Sometimes it is found in buttons or drops, as described by 
Vanuxem, forming botryoidal masses. At other times it lines 
fissures, as is seen at Drummondville ; and at Sillery, spread 
over a surface which had been peviously encrusted with small 
crystals of calcite. The shrinking of the layer has here given 
rise to cracks, such as are sometimes seen in a coat of varnish. 
In other cases it fills fissures several inches in diameter, so that 
it has been mistaken for coal ; and attempts have been made to 
work it at Quebec and elsewhere. The mineral is never, how- 
ever, in true beds, like coal, but is always confined to veins and 
fissures which cut the strata, showing its deposition to have been 
posterior to the formation of the rocks." 

In conclusion it may be stated as probable, (1) that albertite 
occurs in veins and not in beds ; (2) that originally it was in a 
liquid state and identical with petroleum, since it not only 
occurs under similar conditions as that liquid, viz., in anticlinal 
fiiults, but it also actually contains petroleum enclosed in its 
cavities. 

(Hitchcock, American Journal of Science, 2nd Series, xxxix., 
pp. 267 — 273 ; Anderson and Mackenzie, Quarterly Journal of 
the Geological Society, xix., p. 622.) 

ALCA [E. C. voL i. coL 110; and Auk, E. C. voL i col. 344]. 
Special attention has lately been directed towards one of the mem- 
bers of this genus, A, impennie, in consequence of the probability 
of the species having become extinct If it does exist, it appears 
to be on the verge of extinction, for it has disappeared witmn the 
last century from all the places where it was once known to breed. 

In 1697 it would seem to have been tolerably abundant in the 
islaad of St. Kilda ; in 1768 the bird is said to be a rare visitant ; 
while from 1821 onwards a few specimens only are recorded to 
have been seen anywhere in the neighbourhood of the British 
Islands. Some idea may be obtained of its rarity when it i9 
stated that 16 guineas were paid for one of the specimens now in 
the collection of the British Museum. Many of the later speci- 
mens seen were more or less emaciated or dead. Tlie last well- 
authenticated occurrence is, we believe, that of May, 1834, when 
a specimen was captured in Waterford Harbour, which, after 
living for about four months, was presented to the Museum of 
Trimty College, Dublin, where it still remains. In 1846 two 
are reported to have be^i seen in Belfast Bay. This is the last 
that seems to be known of it as a British bird. Proceeding to 
more northern countries, the evidence represents it as being 
abundant in the Faroe Islands up to about 1800, but nothing has 
been seen of it during the last thirty years. Our knowledge 
respecting its occurrence in Iceland is very full, mainly in con- 
sequence of Mr. Wolley having made an expedition for the 
especial purpose of ascertaining whether the bird was extinct or 
not. The r^ults of the expedition are thus summarised by a 
writer in the 'Nat Hist Rev.' vol. v. n. 478 (1866) :-Off the 
coasts of that island there were three skerries, each known by 
the name of " Gteirfuglask^r," on all of which we may presume 
that it formerly bred. The first of these, lying to the south-east, 
was probably rendered desolate many years ago, no tradition of 
its having been occupied by the bird now existing amons the 
natives of the opposite shore. From the second, one of the 
Vestmanneyjar, tne gare-fowl has apparently been long driven. 
Though traditions of the bird lastea until a generation ago, it 
may be inferred with justice, that it had already become*rare as 
far back as 1800. The last and best known gare-fowl skerry 
lyin^ off Keykjanes was on clear evidence exceedingly impro- 
ductive of these birds for some part of the last century. In 1732 
expeditions to this islet, which had been discontinued for 25 
years, were resumed, and kept up for several seasons, till from 



some cause or other they again fell into disuse about 1760. In 
1813 the crew of a Faroese vessel, becalmed near the skerryi 
made a descent upon it, and slaughtered a large number of gare- 
fowls. At the end of June, 1821, Faber, the well-known 
feuinist of Iceland, set out for the rock with some companions, 
one of whom. Count F. C. Raben, a Dane, landed upon it, but 
whether the birds had already completed their season's work or 
what, it is certain that no examples oiAlca vmpennie were seen. 
Yet this very same year two birds were shot on the shore of the 
mainland (as others had often been before), not very &r off, so 
that the bieed was still existing on this station. In the spring 
of 1830 a submarine eruption took place off Reykjanes, during 
which the skerry completely sank under water, and immediately 
after a colony of gare-fowls was discovered on another rock Iving 
nearer the mainknd, and known as Eldey. In the course of the 
next fourteen years their numbers annually became smaller, 
partly owing to the inroads made upon them at the instance of 
Icelandic merchants, who found opportunities of disposing of 
them in the ordinary course of their trade. Most of the speci- 
mens of skins and e^ now existing in various collections were 
obtained through this source. The last captures known to have 
been made were in June, 1844, and the specimens, two in num- 
ber, are yet preserved in the Royal Museum of Copenhagen. 

With respect to districts farther to the west, we nave evidence 
that in Newfoundland these birds existed in swarms in the 
16th, 17th, and 18th centuries, and that they were slaughtered in 
vast numbers every year. In the 19th century Anepach, Bon- 
nycastle, and other local writers, report that the bird no longer 
existed in their district. In 1862, however, Col. Drummond 
Hay, an excellent omitholo^t, reports the appearance of a 
specimen off the banks of Newfoimdland, so that it is just 
possible a colony may be still existing somewhere in these 
western waters, one likely locality being the Virgin Rocks, 
situated on the N. W. side of the Great Bank. 

Considering, then, how doubtful seemed the future opportuni- 
ties of folly investigating the natural history of this species, it 
was a matter of regret, some years ago, that our knowledge of its 
osseous structure and physiological peculiarities was very im- 
perfect, and that although about 64 skins and 60 eggs have been 
preserved, yet only a few bones were accessible to the student. 
The searcn made auring the past few years has resulted in the 
discovery of several additional skeletons or parts of skeletons. 
Thus the bones of two individuals were lound in kitchen- 
middens, at Meilgaard, in Jutland, and of a third in one at 
Havelse, in Zealand ; a few fra^ents have been found in the 
kitchen-middens at Keiss, in Caithness ; and several mummied 
specimens have been disinterred from the guano soil of Fimk 
Island, off Newfoundland. From these materials Professor Owen 
has been able to describe a complete skeleton of this species in 
the 'Transactions of tiie Zoological Society,' vol. v. p. 317 — 336. 

Numerous papers have been written on this subject during 
the last few years ; but the reader will find pretty well all that 
is known in the papers by Steenstrup in the ' Naturhistorische 
Foren. Videnskabemes Meddelel8er,'lor 1866 ; by Newton, in the 
' Ibiff' for 1861 ; and in Owen's memoir already mentioned. 

ALCYONARIA. One of the orders forming the Actinozoan 
class. An abstract of Milne-Edwards' arrangement of it is given 
imder Poltpifera, £. C. ; a definition of it will be foimd under 
AcTiNOZOA, £. C. S. ; and notices of a few of the forms imder 
Alcyonibjb, £. C, and Goroonia, E. C. 

The AUyonaria so closely resemble the Zoaniharia in their 
general physiological structure that it is quite unnecessarv to 
repeat the aetails here. The knowledge of the group has oeen 
mainly derived from a study of the ham parts which are readily 
preserved in museums, and hence most of the classifications 
nitherto proposed have been chiefly based upon the character of 
the skeleton. Of late years increased attention has been be- 
stowed upon the living forms whereby much light has been 
thrown upon the functions and relative importance of the fea- 
tures obs^ed in the hard parts. The prinapal points in which 
the Alcyonaria differ from the Zoantharia are, (1) that in Alcyo^ 
naria the parts are developed to the number of four or some 
multiple thereof; (2) that the tentacles are eight in number, 
arranged in one circle, and pinnated ; (3) that the laminae or 
the mesenteries are frequentlv, perhaps always, amalgamated, 
not separate as in the Zoantnana; and (4) that many genera 
have an aquiferous system ramifying through the ccBuosarc or 
coenenchyme and connecting the various polypes. In some of 
these points, however, that relating to development in multiples 
of four being one of the exceptions, there is, we believe, no 
hard and fast line of distinction. For amongst the Alcyonaria 
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the pinnsB of tlie tentacles become so radimentary as to appear 
as mere corrugations on the side of the tentacle ; while the 
aquiferous system is not entirely unknown amongst the other 
omers of Zaantharia, The corallum is generally formed by 
spicules, either isolated or arranged in bundles, and it is rare to 
mid them developed into a continuous layer, a feature which is 
the rule amongst the Zaantharia, It would seem that, generally 
speaking, hard parts are least deyeloped in the lower oi^anisms 
of this dass, and are comparatively rare or imperfectly developed 
in the higher. It would be desirable to learn what are the in- 
fluences which retard or promote the development of dermo- 
sderites. Considering that in the development of the individual 
the hard parts are first cartilaginous, then porous, and lastly firm, 
it would oe expected that imeriority of organisation would be 
associated with absence of hard parts ; but apparently the reverse 
is the case. In the palseontological development of the Zoan- 
tharia the genera with the most compact ham parts prevailed in 
the earlier palaeozoic period, while tnose with less compact hard 
ports flourished in mesozoic and cainozoic times. So few are 
the fossil species of Alcyonaria that we cannot say if an^hing 
coirespondmg to this is to be foimd in that order. But it may 
be asked, by way of suggestion, are the softer species more highly 
organised and of more recent geological appearance than mose 
with hard parts ? Can anything like a palseontological succes- 
sion be traced from species with cartilaginous or homy parts to 
those which abound in calcareous matter, and from these to 
others with less and less calcareous parts, terminatiiig in groups 
in which scarcely any is to be detected ? 

The aqiuferouB system seems to differ but little in the order, 
but it is well represented in the ChrgoiUda, In Plexavra there 
is a series of longitudinal canals running parallel with the main 
axis. One side of the canal is formed by the axis, and the other 
by the coenosarc or the wall of the polype itself. At intervals in 
the fleshy wall are a number of pores which lead by more or 
less intricate passages through the coenosarc and into the somatic 
cavities of the polvpe. The nutrient fluid is thus enabled to 
pass to all parts of the polypidom. In some of the Oorgonidat 
the axis ia grooved, which grooves correspond with the longitu* 
dinal canals ; in others, however, the axis is not grooved. In 
Bria/rewm the canals are not arranged in a longitudinal series 
round the axis, but are scattered without any apparent symmetry. 

In this connection we would allude to the recent discovery 
of polymorphism in this order by Dr. KoUiker, thus presenting 
an interesting parallel to the polymorphism amongst the Hy- 
drozoa. Most, if not aU, the instances yet found, belong to the 
Pennatulida, The polymoiphism consists in there being large 
individuals which carry on the work of digestion and generation, 
while other and smaller ones of an asexual nature, appear to 
be specialised for the purpose of expelling the water. 

We wiU next notice some of the classifications proposed within 
the last few years. Greene's, as given in his ' Manual of the 
Coelenterata,' does not differ widely from that of Milne-Edwards, 
£. C. voL iv. p. 410, although the phraseology is not the same. 
He recognises four families, namely, (1) the^%09n^,in which the 
coraUum is sclerodermic, genendly spicular, but without true 
calcareous thecss ; and in which the ccenosarc is fixed. (2) 
The Tufy^pondcBy in which the corallum consists of a number of 
distinct corallites without any septa, and whose thecse are 
united externally by horizontal plates arranged at distant inter- 
vals. As in the previous family the coenosarc is fixed. (3) In 
the PehnatulicUB the corallum is sclerobasic, the tissue secretions 
sometimes present, and the coenosarc free. (4) In the Oorgonidof 
the corallum is sclerobasic ; sulcate, and may or may not be accom- 
panied by additional tisfAie secretions. The coenosarc is shrub-like 
and attached W its expanded proximal extremity. This group- 
ing mainly differs from that of E. C. in there being four, and not 
three, families. The fourth family is based upon Milne-Ed- 
wards' tribe TubiporvMB, 

In the fourth volume of the third series of the ' Annals of 
Natural History,' the following classification is proposed by Dr. 
Gray, which he wishes to be r^arded as provisional only : — 

Order I. Sabulicola. 

Coral tree symmetrical with a simple base, supported by more 
or less distinct calcareous spicuke, and 8tr»i^hened by a single 
elongate fusiform calcareous central axis. Living with the base 
gunk in the sand or mud of the sea coast. 

Family 1. PennatiUidcB, 

Body &ee ; more or less fan-like, with a naked peduncle and 
a single central axis. The upper part with the polypes placed 



in transverse series on one side, rarely on all sides. Axis fiisi- 
form, elongate, cylindrical and quadrangular, calcareouS| as long 
as the conu. 

I. Penmformes, Coral pen-shaped. Polypes in traHsvetse 
pinnules, placed on each side of the vertical surface of 
the central radius or stem. 
Tribe 1. Funiculinea, Coral elongate, linear, slender ; 
pinnules small, crowded. Funiculinaf VirgtUariaf 
Xygus^ Sq/talium, 
Tribe 2. PennatuUcB, Coral moderately broad, pen-shaped ; 
pinnules broad, expanded. PennattUOf SarcoptiluSf 
Pteromorj^uij Pteroeuies, 

II. Claviformes. Coral club-shaped, or leaf-like* Polypes 
scattered on one side (rarely on both) of the upper part 
of the club. 
Tribe 3. Kophohelemnonia:, Coral club-shaped, with the 
polypes only on one surface of the club, leaving the 
other bare. KophoheUmnon. 
Tribe 4. VeretilUas, Coral club-shaped. Polypes on all 
sides of the club. Litnaria, SarcobeUmnon, CavemU' 
lariay Veretillwrn, 
Tribe 6. Benillece, Coral expanded, foliaceous with a slen- 
der stalk. Polypes only on one surface of the ex- 
panded disk. Itemlla, 

Family 2. Umbellulariadof, 

Body free, umbellate, with a long stem and a single central 
axis. The upper part with a cluster of polvpe-bearing cells 
placed in concentnc series forming a large head. Axis fusi- 
form, elongate, as long as the stem of the coraL Umhellularia, 

Order II. Sponoicoue, or Htalophtta. 

Subsymmetrical, living sunken by the base into a sponge, 
strengthened by siliceous spicula, and supported by a central axis 
form^ of numerous twisted, elongated siliceous nbres, the lower 
end of which axis tapers and is parasitically embeddea in a fixed 
sponge. The animal matter or oark is str^i^ened by siliceous 
spicules similar to but shorter and thinner man the fibres of the 
axis. The fibres are formed of numerous thin concentric layers. 



Hyalonema, 



Family 1. Hyaiontmidm. 
Order III. RupicoLiE. 



Coral tree-like, or expanded, fixed by an expanded base, sup- 
ported by more or less abimdant fusiform. calcareous spicula, and 
often supported by a central calcareous or homy tree-like axis, 
with an expanded base. Living attached by the base of the 
coral and axis to rocks on the sea shore. 

Suborder I. LithophytcL 

Coral arborescent, supported by a continuous or jointed calca- 
reous axis, which effervesces with hydrochloric acid. 

t Axis continuous, not jointed. 

Family 1. Coralliada^ 

Axis inarticulate, solid, calcareous. Bark granular, with irre- 
gularly shaped spicula, 

CoraiUumf AnntUa, EUistlla (including /unaZ^ and Ctenocella), 
GorgoneUa, Sdrpearia, Umbracella, Stihergorgia. 

Family 2. Primnoad(B, 

Axis inarticulate ; solid. Bark formed of flat imbricate scales. 
Polype cells prominent, covered with imbricate scales. 
Pnmnoa, Oallogorgia, Primnoella, 

ft Axis articulated. 

Family 3. MeUtofoda. 

Axis spongy, permeated byflexuous tubular canals interrupted 
by harder swollen calcareous joints. Bark granular ; cells in 
series on the edge of the branchlets. 

MelUoMy Mopsella, Solanderia (f). 

Family 4. Indeas, 

Axis calcareous, solid, divided by narrow, homy joints. Bark 
granular, with irregularly shaped spicula. 
I8%8, IsideUa, Mopsea, 

Suborder II. Ceratophyia, 

Coral arborescent, supported by a continuous (or jointed?) 
homy axis, which does not effervesce in hydrochloric acid. 
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Family 1. Gorgoniadce, 

Bark granular, persistent, with sunken, irregular-shaped 
spicula, with a more or less distinct groove down each side, and 
with the cells in series on each side of the branchlets. 

* Coral arborescent or reticulated ; cells inside of the 

branchlets. 

Chrgonia, Arborescent ; branchlets sub-compressed ; cells on 
side, moderate. 

Pterogorgia, Arborescent ; branchlets much compressed ; cells 
minute, on ed^e. 

Bhvpidogorgxa, Reticulated, fan-like ; cells on sides. 

** Coral frondose ; cells on surface of frond. 

Hymenogorpia, Axis branched, filiform ; branches separate. 
Phyllogorgta, Axis branched, filiform ; branches netted. 
Phycogorgui, Axis expanded, foliaceous, thin. 

Family 2. Plexauridce. 

Bark granular, persistent, cork-like, without any impressed 
lateral grooves. Cells placed ec^ually on all sides of the branches. 
Plexaurcu Cells not raised, smiple. 

Bhinogorgia, CeUs not raised, boimded by a conical process. 
Eunicea, Cells more or less produced ; simple. 
Gcnidora, Cells convex ; mouth radiated. 

Family 3. Muriceidas, 

Bark composed of large imbricate calcareous spicula, without 
any lateral grooves, cells equally on all sides of the branchlets. 
Muriceaf Plocmus ? 

Family 4. Acanihogorgiadce, 

Bark thin, formed of slender filiform spiculju without any 
lateral grooves. Cells campanulate, on all sides ot the branches, 
with ridges of elongated spicula, and with a number of elongate 
setaceous spines on the margin. 

Acanthogorgia, 

(?) Family 5. Antipaihidce, 

Bark fleshy, easily deciduous, soft, simple, only strengthened 
by large and small scattered, siliceous (?) plates. 
LeiopatheSy Antipathes, 

Family 6. Sareogorgiada^ 

Bark fleshy ; when dry skin-like ; smooth, without spicula ; 
the edges of the cells strengthened with granular spicula. 
Sarcogorgia, 

Suborder III. Sarcophyta, 

Coral arborescent, lobulated or expanded, only strengthened 
by internal or external calcareous spicula which effervesce in acid. 

Family 1. Briar eidce. 

Coral arborescent, fleshy, supported by a central axis formed 
of numerous intertwined fusiform spicula. 
Briarev/m, 

Family 2. Alcyoniada, 

Coral arborescent or lobed, fleshy, strengthened with imbedded 
calcareous spicula. Cells simple. Polype retractile or semi- 
retractile. 

Aleyonwm, Sympodi'mn, Arnmothea, 

Family 3. Xeniadce, 

Coral expanded or arborescent, fleshy, soft, creeping or branched. 
Polype elongate, subcylindricaL Tentacles not retractile. 
Xenia, Anthdiay Bhizoxenia, Evagora, Comularia. 

Family 4. Nephthyadce, 

Coral arborescent or expanded, fleshy, membranaceous, often 
very cellular. Cells of the polypes covered externally with lai^ 
fusiform calcareous spicula. 

Nephihya, Alyconidta, NidcUioy Clavularia, 

Family 6. Tvhiporidce, 

Coral calcareous, tubular. Tubes united by transverse plates, 
formed by the expanded edge of the tubes bearing the buds. 
Polype cylindrical. 

Tubiporci, 

This classification, it will be seen, is very complicated : for 
whereas Milne-Edwards and Greene, consider the Alcyonaria to be 
formed of but one order with three or four families, Dr. Gray 
divides it into three orders and eighteen fEunilies. The principal 



distinctive characters of the orders is difference of habitat If these 
orders are natural groups of the importance indicated by their 
name, we should expect them to be distinguished by important 
structural differences ; and if so, surely these should have been 
employed in marking off the groups. It is very doubtful if the 
Spongicola can be accepted as an order, and it seems probable that 
they do not even belong to Alcyonarict. Discarding this order, 
the definitions of the remaining two do not appear to us to be 
sufficiently distinctive. Gray's SainUicola differs but little in 
extent from the Pennatulida of £. C. ; while his Bupicolm an- 
swers to the AlcyonidxB and OorgonidtB. The most striking dif- 
ferences between the two groups are due mainly to external ¥orm. 
In the one, the main axis extends horn end to end, without di- 
chotomous ramification : and the polypes are situated on 
ofibhoots which are arranged more or less symetrically on one 
or more sides of the main stem. They do not adhere to rocks, 
but are kept in position by the insertion of their bases in a soft 
sea bottom. In the other group the dichotomous arrangement is 
more or less apparent. This difference is, no doubt, dependent 
upon the mode of gemination prevalent in each group. 

The evidence respecting tne position of HycUontma is very 
conflicting at present. This genus, or rather the family, HycUo- 
nemidaSf formed for it and a second genus named HyaloduBta, was 
the subject of an elaborate monograph by Brandt Both he and 
Dr. Gray concurred in believing Hyalonema to be a coral nearly 
allied to Gorgonia; Leuckart considered it to be a sponge 
bearing a parasitic polype. Dr. Gray's view seems to be tnat it 
ia a polypidom bearing a parasitic sponge belonging to the genus 
CarUria, but Stimpson had some specimens given to him which 
were unquestionalJly portions of widely different beings, artifi- 
cially arranged into curiositieB by the Japanese. Bundles of 
long siliceous fibres, such as those yielded by the beautiful 
sponge EupUctella, ware cemented together with gum, ^eir 
ends tied round with silk, and fragments of coral were inserted 
here and there in crevices. It is possible that these are, 
however, themselves imitations of natural products. For speci- 
mens corresponding in most points to those described by Brandt, 
liave recently been obtained from deep water off the Portu- 
guese coast. The animal is common, and well known to the 
nshermen, but it was not imtil 1864 that a single dried 
specimen found its way into the hands of a naturalist. M. 
Bocage described this specimen as still retaining its fish-like 
smell when he obtained it It was composed of an axis formed 
of long hyaline fibres, and a polype-bearing coating, which partly 
covert the axis. The full length of the specimen was rather 
over two feet, but the polype-bearing crust covered less than 
half of it Bocage expressly says it showed no indications of 
being parasitical ; and that the polypes were closely P&cked and 
arranged in irregular longitudinal and spiral lines. TThe majo- 
rity 01 them w^ere about one-fourth of an inch long, about one- 
sixth or one-seventh of an inch wide, and about one-ninth of an 
inch high. The polypes had 40 tentacles arranged in two circles ; 
the base of those in the inlier circle corresponding to the spaces 
between those in the outer circle. And within these there were 
also a number of small conical tubercles which looked like rudi- 
mentary tentacles. The tentacles were triangular, compressed on 
two sides ; their edges were smooth, and they terminated in soft 
rounds points. The filaments of the axis varied considerably in 
size, and were formed of several concentric layers. Soon after 
this specimen was described, several others were obtained from 
the same locality. The examination of these confinned the ac- 
curacy of Bocage's earlier observations, and tended still more 
to convince him that the polypes were notparasites. His reasons 
for this belief are thus stated by him : Tne cohabitation or si- 
multaneous existence upon the same axis of polypes and sponges 
which has been noticed in some Japanese specimens, does not 
occur in those of Portugal. In these last, the polypiferous crust 
envelopes the axis in a uniform manner ; it entirely covers 
the straightest end of the axis ; and from thence extends uninter- 
ruptedly for two or three-fifths of the total length. The poly- 
piferous crust and the polypes are formed of several tissues 
superposed in layers, in wnich we find a laige number of siliceous 
spicules, whose morphological characters vary in each layer. 
The outer surface of the crust has a rough granular aspect, which 
is due to the presence of small regular spicules with numerous 
points, and wnich form an essential part of the integument 
Notwithstanding Bocage's arguments, we should not be surprised 
to learn, that both the Japanese and Portuguese species of Hyalo- 
nema are parasitical, for the descriptions given of these remind 
us strongly of Getardia amongst the AntipaifvidcBf which is now 
known to be parasitical, and to build up in its internal axis, 
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the fibres of sponge. The descriptions of Brandt and Boca^e 
suggest strong doubts as to whether the HyaUmema is really 
an Alcyonaruu The Japanese species have 20 tentacles, and that 
of Portugal 40 ; from which it would seem the structural plan 
of development is in multiples of 5. Moreover, the tentacles are 
smooth and not pinnated. Dr. Bowerbank has claimed the 
genus as belonging to the Sponge, and his principal argument 
tor assigning it that position is that siliceous particles are secreted 
only by Protozoans. It does not follow, however, that every- 
thing found in the tissfies of an Actinozoon has been secreted 
by the organism itself ; thus Zoanthus incorporates particles of 
sand in its outer coating ; Qtrardiay as before mentioned, adopts 
the siliceous fibres of sponge, the siliceous spiculse of Gorgonue 
and other objects ; and mdeed, a similar habit will probablv be 
foimd amongst yet other Actinozoon genera. Hyalonema, then, 
seems to belong neither to the sponges, nor to any of the orders 
of Actinozoon, as at present constituted ; but it certainly seems 
to be an Actinozoon of some kind. The question has l>een ren- 
dered more complicated by the description of a new species by 
Semper, which he assigns to Uie genus HyaUmema, This appears 
to be a sponge allied to EuvUctella, but it has no generic rela- 
tionship with what Gray ana Brandt originally called Hyalonema, 
The reader is referred to numerous papers on this subject in the 
* Annals of Natural History,' 4th Series, voL i. In one of these 
papers Dr. Gray makes the family consist of two genera, viz. :— 
Hyalonema ana Hyalothrix, the latter beiag founded on tiie 
Hyalonema lusitanica of Bocage. The recent dredging expedi- 
tions by Drs. Carpenter and Wright have resulted in the dis- 
covery of numerous specimens of a species of Hyalonema (Sem- 
per), which afford spicuhs precisely like those found in the axis 
of the Actinozoan Hyalonema. 

There is another group, viz., the AntipathidaSj which Dr. 
Gray has placed in the present order, but the structure of their 
soft parts IS decidedly indicative of Uieir Zoantharian affinities ; 
and, indeed, most authors regard them as Zoantharia, 

The classification proposed by Duchassaing and Michelotti is 
based upon a prolonged study of the living species of the West 
Indies, and upon the structure of their soft parts. 

They adopt the characters of the tegumentary system for dis- 
tinguishing their principal groups. The same characters were 
used by Mune-Edwards and Haime in classifving the Zoantharia, 
and Duchassaing and Michelotti find the Alcyonaria naturally 
fall into similar groups. Accordingly they have given them 
similar names. Subsidiary groups are based unon the lateral, 
basal, or mixed character of the gemmation. The following is 
their linear arrangement 
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Mftlacodermata. 

^ I Anthalio. 
VBympodium, 
Ojedift. 

^Aloyonium. 
Sarcophyton. 
Aznmothea. 
^ J Spoggodea. 
Pandcyonluxn. 
Coelogorgia. 
Paragorgia. 
^Briaroum. 



Sclerodermata. 



Sderobosicft. 
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Qorgonldio. 

Frimnoa. 

Thesoa. 

Miiricea. 

AcU. 

Blepharogoiyia. 

Eunicea. 

Plozaura. 

Gorgonia. 

Lepiogoigia. 

Lophc 



FeimatulidiB. 

Pennatula. 

SarcoptUus. 

Virgularia. 

Pavonaiia. 

Umbellularia. 

lituaria. 

VcretUlum. 

Cayeraularia. 

BeuiUa. 
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Comularina. Tub!- 

porlna. 
Haimoia. 

Comularla. TuU* 
Clairularla. pora. 
Rhicoxonia. 
Saroodic- 
tyon. 
Taeatho. 




II 



-Xenia. 



ViUoeoii 

ZlphlgoTgia. 

Rhipidogorgia. 

FhyUogOTgia. 

Hymenogorgia. 

Hyimogorgia. 

Cni^sogorgia. 

Oorgonella. 

Junoella. 

Vemioella. 

Ctenocella. 
RUaea. 

UIs. 
Mupaea 
MeUtbMk 
Bolanderiii. 

Oorallium. 

Kolliker has subjected this group to a thorough examination 
from a histological point of view, and the following classification 
is one of the results of his labour : — 

Family I. Alcyonida, M. E. 

Sub-family 1. Comulariadce, M. E. 

Genera : Clavularia, Q. and G. ; Anthelia, Sav. ; Rhi- 
zoxenia, Ehr. 

NAT. HIST. DIV.— SUP. 



Sub-family 2. Aleyoniiue, 

Genera : Aloyonivm, L. ; Amm4)1heaf Sav. ; Xenia, Sav. ; 
Nephthya, Sav. ; Spoggodes, Less. 

Family II. PennatulidcBf M. K 

Genera : Funiculina, Lam. ; Pennatxda, L. ; Pteroeides, 
HeckL ; VeretiUumf Cuv. ; Cavemulana, Val. ; Renilla, 
Lam. 

Family III. Gorgonidce, M. E. 

Sub-family 1. Oorgonina, M. E. 



A. Primnoaceof 



^orgont 
, Val. 




B. Euniceidce, 
Genera : Eunicea^ Lamz. ; Plexattra, Lamx. (pro parte) ; 

PlexaureUa, Koll. 

C. Gorgonacea, M. E. {pro parte). 
Genus : Gorgonia. 

D. Gorgonellaceas, VaL 
Genera : Gorgonella, Val. (pro parte) ; Juncella, Val. (ex 

parte) ; Verrucellay M. E. {ex parte) ; Riisea, Duch. et 

Sub-family 2. Isidirue. 

Genus : his. 
Sub-family 3. Briareacece. M. R 

Genera : Paragorgia, M. E. ; Sumpodium, Ehr. ; Erythro- 
mdium, KoU. ; Briareum, m, ; Solanderia, Duch. et 

Sub-family 4. Sclerogorc/iacece, KoU. 

(Jenus : Sclerogorgia, KoU. 
Sub-family 6. Melithceacea. 

Genera : Meli^uea, Mopsea. 
Sub-faimly 6. Corallince, M. E. 

Genera : Corallivm, Lam. 

VerriU's classification may be thus briefly represented : — 

Sub-order 1. Akyonacea. FamiHes ; Alcyonidce, Xenida, 
ComularidcB, Tubiporidce. 

Sub-order II. Gorgonacea. FamUieB : Gorgonidce, Plexaurida, 
Primnovdce, Gorgonelltdce, Isida, Corallidee, Briaridce. 

Sub-order III. Pennatulacea. FamiUes : Pennatulido!, Pa- 
vonarid(ey Veretillidce, Renillido!. 

ALGODONITE (CueAs). A briUiantly sUver white arsenide 
of copper, occurring in lumps and veins in the silver mine of 
Algodon, near Coquimbo, in ChiU. From its appearance it 
was at first thought to be silver, but an analysis by Field showed 
that it consisted of 83*30 parts copper, 16*23 arsenic, and 0*31 
silver. It somewhat resembles Domeykite, but differs from it 
in containing a much larger proportion of copper. It also 
resembles Whitneyite in many of its physical cnaracters, but 
may be distinguished by its coarser granular structure and its 
deeper greyish-white tint Under certain circumstances, whit- 
neyite is graduaUy converted into algodonite. Algodonite has 
a sub-concnoidal fracture, and a specific gravity of about 7*60. 

ALLEMONTITE. An arsenide of antimony found at AUe- 
mont, in the department of Is^re, and also at Andreasbeig, 
Przibram, and other locaUties. It occurs in veins in gneiss 
generaUy associated with native antimony and antimony ores. 
It resembles native arsenic in appearance, and is ol a tin-white 
colour, with a faint lustre. Rammelsberg gives as its composi- 
tion 62*16 per cent, of arsenic, and 37*85 of antimony, from 
which it would appear that the two metals are not combined in 
atomic proportions. (Watts, IHct. of Chem. L p. 371.) 

ALLOCHROITK A variety of iron-lime garnet, belong- 
ing to the same group as melanite, or the black garnet, and 
the common garnet It is distinguished from almandine by its 
opacity, by its redness being grey and dingy, and by the variety 
of its colouring, whence its name from Axxos, other, and xp»«^ 
colour. It occurs in an iron mine at Drammen, Norway. 

ALLOPHANE. This substance has been analyzed by several 
persons since that made by Stromeyer was published, and 
amongst others by Bunsen, Walckner, Berthier, GuiUemin, and 
Northcote. Disregarding the foreign admixtures, it is said to 
nearly agree with the formula Al.G,. 3SiO,-f-15H,0, but 
when they are taken account of, it varies greatly in composition. 
In a specimen from a lignite bed near Bonn, Bunsen found 
carbonates of lime and magnesia, but no copper ; while Schnabel 
has analysed several containing from 14 to 19 per cent of oxide 
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of copper. A Bpedmeu from Woolwich^ analysed by Northcote^ 
gave — 

BiUoa .......... 20-50 

Alumina 31*34 

Protoxide of iron 0*31 

Lime 1*92 

Carbonic acid . . . 2*73 

Water 42*91 
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It dissolves leadilv in dilate acids, and deposits gelatinous silica 
when treated with concentrated acids. It occurs in the chalk 
pits at Charlton, near Woolwich, in the chalk at Beauvais, 
i^rance ; at Richmond, Massachusetts, at the Bristol copper 
mine, Connecticut, in the United States, and at several other 
places. It usually occurs as a lining to the small cavities in 
marl or chalk, (bnstow, Glossary of Mineralogy ; Watts, Dic- 
tionary of Chemistry.) 

ALMANDINE. This is an alumina-iron garnet, that is, a 
silicate of alumina and iron, as will be seen by reference to the 
analysis given under Gabnbt, E. C, and not a silicate of 
alumina and magnesia, as stated under Almandine, E. C. This 
variety of garnet occurs in Ceylon, Pegu, Qreenland, Hindostan, 
Brazil, at Ala in Piedmont, in various parts of Bohemia, at Elie, 
in Fifeshire, Killiney and Wicklow in Ireland, ana in the 
United States. 

ALSTONITE, a mineral having the same composition as 
baryto-calcite, but a different crystalline form. It occurs in 
right rhombic prisms, while baryto - calcite crystallizes in the 
omique system. It was caHed Bromlite by Thomson, from its 
supposed locality, Bromley Hill, near Alston ; it really occurs at 
Brownley Hill mine, and at Fallowfield, near Hexham. 

ALTAITE, a telluride of lead (Pb. Te.) found in the Savo- 
dinsky mine, near Bamaoul, in the Altai Mountains. A spe- 
cimen, analysed by Q. Rose, gave : lead, 60*35 ; tellurium, 
38*37 ; and silver, 1*28. It usually occurs in massivegramdar 
lumps ; but occasionally in cube-shaped crystals. Wnen the 
surface is fresh the colour is tin whit^ and the lustre metallic 
Its hardness is about 3 or 3*5, and its sp. gr. 8*10. 

ALUM SLATE^ or SCHIST, is a rock intermediate in cha- 
racter between clay slate and mica schist Its principal cha- 
racteristie is that it is largely permeated by bituminous matter 
and iron pyrites. So abundant is the former, that in Sweden^ 
where the alum schist is employed as a source of alum, and 
where wood is scarce, the schist itself is used as fuel in calcining 
the rock and in evaporating the alum liquors. It is not confined 
to any one geological formation, but the bed at Hurlet forms 
part of the coal measures, and inmiediately overlies a seam of 
coal. The following is the result of an analysis of the shale 
made by Wilson. (* Phil. Mag.' [4] ix, p. 417) ; 

SiUoa 48*28 

Alumina 26*96 

Protoxide of iron 3*72 

Lime . 2*38 

KagBena tr. 

Potash 24 

Biiulphide of iron 11*13 

Water 2*02 

CarlKin . . . . . . 3*98 

Hydrogen 107 

Nitrofen •62 

100*4 

There is no alum in the schist itself, but this substance 
is formed by the processes to which it ii subjected. [See 
Aluh, E. C, a. & ocL DiVk] Hence the name is not an ap- 
propriate one, since almost any aluminous substance — commcm 
clay, for example — ^will yield alum by a somewhat similar 
treatment. 

There is another substance long used as an alum ore, viz., the 
alumr^Ume or ahmUe of Tol£& in It^, Moimt Dore in Auvergne, 
and Elizabethpol in Qeorgia. Tim does contain a native 

gotash alum, which has a&eady been noticed under Alum- 
tone, E. C. The followinff analyses by MitscherUch are g^ven 
below as being more recent uxasi dordiers ; 1 is the composition 
of crystals from Tolfie^ and 2 of some from Muzsai,Hungary : — 

0) 
Alumina 36*83 . 

Bulphurio acid .... 38*63 

Lime '70 . . 

Potaah 8*99 

Barytes , *29 . 

Soda . . - , . . . 1-84 . . 

Water 12*72 . . . 12*57 



(2.) 

39*15 

36*93 

49 
10*67 

•19 



ALUNOGENE. (ALO, 3 SO, + 18 H,0), a mineral closely 
allied to Aluminite, The latter is a hydrated subsulphate of 
Alumina (A1,0, SO, 4- 9 H^O), while the subject of this article 
is a hydrated tersmphate of Alumina. It occurs in. fibrous 
masses, white when pure, but yellowish or reddish when impure. 
It is translucent, and has a Ba&rf lustre. The hardness is about 
1*5 or 2, and the specific gravity 1*6 or 1*8. It appears to be 
formed from iron pyrites in the presence of clays, but it is also 
said to be formea Dy volcanic action. It occurs in numerous 
localities, as for instance at Arraya, near Cumana; Socono ; 
Copiapo, Chili ; Adelaide, New oouth Wales ; at Vesuvius, 
associated with alum ; and at Smoky Mountain, Jackson County, 
Carolina. (Bristow, Glossary of Mineralogy.) 

AMBER. No doubt is now felt as to amber bein^ the product 
of extinct Comferce, since it has been found encrustms and pene- 
trating fossil wood, enclosing cones and leaves, and, indeed, occur- 
ring imder precisely similar circumstances as the existing resin. 
The tree which seems to yield it in the greatest abundance, has 
been named PirUtes sucdnifer by Qoeppert Its distribution is far 
more extensive than seems to be im^ded in the Cydopcedia 
article. Its principal area is the Western part of Europe, 
throughout which it is apparently restricted to various deposits 
of sand and clay of early tertiary age ; it has fn^uently be^i 
reported as occurring in the lignite b^ of North Germany, but 
the substance so foimd is retinite, not amber, according to Cfoep- 
pert. It is probable that all the amber washed up on the diiores 
of the countries "bordering the Baltic and North Seas, was 
originally deposited in beds of a similar a^^e. This question of 
age is of importance, since it involves that of &e amb^ pine forests 
which formerly existed in Europe, and which appear to have 
had some connection with the sea which many geologists believe 
to have connected the Baltic with the Mediterranean. Amber is 
of especial interest on account of the beautiful preservation of 
the organic remains it indoses. Upwards of 800 species 'of 
insects have been found in amber, most of which are said to be 
extinct. The remains of plants contained in the amber, also 
indicate a varied flora. Some idea may be formed of the rich- 
ness of the former, from the following summary published by 
Tasche in I860,— 

Genera. Species. 

Cmstaoeans 3 5 

Myriapoda 11 33 

Arachnidans 73 205 

Inaectt: Aptera 9 24 

„ Hemiptera 23 60 

„ Orthoptera 4 8 

„ Keuroptera 44 87 

„ Diptera 94 600 

261 10^ 

Since then there have been numerous additions. Thus, in 
1864, Loew was acquainted with 850 species of Diptera, nearly 
aU of which belong to the proboscidean division. His remarks 
on them have especial interest in connection with the physical 
geography of the time. The amber fauna he believes to be a 
fragment of a larger fauna, and to consist chiefly of those 
species which frequent moist shady ]>laces in woods, slu^^ 
waters, such as ponds and slowly flowing streams, and rotting 
wood ; while those which frequent open sunny spaces, are very 
rare. It indicates a climate probably somewhat warmer than 
at present^ and is most nearly related to the Diptera of Western 
Europe and North America ; but there is a closer connection 
with the Diptera of North America than with those of Europe. 
This would seem to indicate that since the time of the amber fauna 
there has been a more or less complete connection between the 
European and American continents in temperate, or at least not 
very hi^h northern, latitudes. Goeppert has some remarks on 
the amber flora in the 'Zeitschrift d. Deutschen Qeologische 
Gesellschaffc,' xvi p. 189. (1864.) 

Amber, however, is by no means confined to Europe, for it has 
been discovered in many parts of Asia, from the snores of the 
Caspian Sea through Siberia, China and Kamtschatka, and 
onwards into North America ; it is also said to occur in India 
and Mada^[ascar. 

Amber is distinguished from mellite and copal, which are 
vegetable resins frequently substituted for amber, by bein^; 
fusible, whereas mellite is not ; and by melting into drops whi^ 
reboimd from the hard surfaces on which they are allowed to 
fall, whereas those of copal flatten as they fall 

Of the more recent papers known to us, that which gives the 
clearest idea of the stratis^raphical position of the amber beds of 
Europe, is by Dr. ZaddacOi in 'Schiiften der Physikalisch- 
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oekonomiflch Gresellschaft zu Konigsburg/ vol. i. p. 1. a full 
abstract of which will be found in voL v. of the < Quarterly 
Jonmal of Science.' HiB lemarks refer to the north coast of 
Samland, one of the Prussian provinces bordering on the Baltic 
Sea. He describes two sets of beds of tertiary age, the lower 
being called the glauconitic sand group, and the upper the 
brown coal foimation. 

The amfhw earih, or the stratum containing the amber in 
greatest abundance, ia the lowest exposed part of the glauconi- 
tic series. The amoer is in pieces, having an ayeraoe weight of 
somewhat less than a pouncL They are dightly rolled, indica- 
ting a short exposure to water and friction. Associated with 
these are bits of wood, and, rarely, whole trees and large por- 
tions of them. ScHne of the wood is thoroughly permeated witli 
the amber. In this stratum and in the quickscmd overlying it 
have been foimd 35 species of fossils, whicn number is, of course, 
exclusive of those which are met wiUi in the amber itself. The 
most abundant are Ostrea vefMabrwrn^ Cardium vvXgaUuimuTn^ 
Peetuncului ]^lyodontu8, NoHca Nystiy MoreHna Nysti, SpaUmr 
gut SamiJbim9%Sy S, bigibbuB, and ScuteUa germanica. Mayer says 
it is of the same age as the glauconitic sand of Egeln or lower 
oligocene. 

The deposit is of marine origin, and the amber has been trans- 
ported along with it, from some continent into the sea. Zaddach 
gives details to prove that this glauconitic sand was derived 
from the lower cretaceous and Silurian formations still represented 
further north ; that it was brought down bv the river into a sea, 
the tidal current of which deposited it where we now find it. 
This locality coincides with whf^t was then a bay on thenorthem 
shore of the sea which stretched away towards the south-west. 

AMBLYGONITE. Inadditionto the characters already given 
[E. C. vol. i. col. 142], we may mention that its surfEMe is £re^ 
quenUy marked with yellowish and brownish spots ; that the 
sides of the prism form angles of 106^ W and 77^60' ; and that 
it fuses witn a reddish yellow phosphorescence into a white 
enamel. The analysis made bv Rammelsberg of a specimen 
from Amsdorf gave a somewnat different result from that 
obtained by Berzelius ; he foimd it to contain : — 

Phosphoric acid . . 47*15 

Alumina . 88-43 

Lithia ......... 7*08 

Soda 3*29 

Potash 0-43 

Fluorine 3*11 

On comparing the two it will be noticed that the alumina and 
litliia are near^ the same in both ; the phosphoric acid less, 
an4 the other ingredients new. This change appears to be due 
partly to a portion of the phosphoric acid having been replaced 
oy fluorine, and partly to toe introduction of fluorides. Conse- 
quently this must be regarded as an impure Amblygonite. This 
is the only mineral known which contains anhydrous phosphate 
of alumina, and as it occurs associated with garnet, topaz, and 
tourmaline, in granite, at Chursdorf and Ainsdorf in Saxony, 
and at Hebron, Maine, U.S., it is the oldest known phosphate of 
alumina. This fact, together with its highly developed crystal- 
line condition, renders it possible that it may have been derived 
from similar, but hydratea, phosphates. 

AMBRITE, a fossil resin, found in New Zealand, and closely 
allied to amber. It is of a greyish yellow colour, and breaks 
with a conchoidal firacture. The specific gravitv is 1*054, and 
the hardness 2. It is nearly insoluble in alcohol, oil of turpen- 
tine, caustic alkali, and dilute acids. Its composition, according 
to R. Maly,is— r 

Carbon 76*55 

Hydrogen 10*38 

Oxygen 12*78 

Ash . • . 19 

The formula deduced is Cs, H.^ 0^. 

It is extensively sold in Auckland under the name of cowdie 
gum, or Australian Dammara resin, which is the name for the 
resinous product of the Kauri pine (Dammara au9trali$^, Am- 
brite, however, is not a recent product, but occms m large 
lumps in the tertiary limites at Drury and Hunna, Auckland 
Province. This external resemblance between the recent and 
fossil products is remarkable. Cowdie differs in many respects 
from Ambrite, but principally in being soluble in alcohol and 
alkalis. 

AMMONIA (HjN). The physical properties and mode of 
obtainingthis gas are given under Ammonia, R C, Arts and 
Sciences Division ; and we propose here to give some account 
of its relations to plants and animals. It occurs as a carbonate 



in the atmosphere, and as a nitrate in rain water, more es- 
pecially that whicn falls during a thimder-storm ; it exists in 
sea- water, in many mineral spring, in nearly every kind of 
clay, soil, and iron ore ; it enters mto the composition of sal- 
ammoniac and ammonia alum, both of whicn are common 
minerals ; and it is contained in the sap of plants, as well as in 
the fluids and excrements of many animals. Ammonia, either 
free or combined, is formed by almost all nitrogenised organic 
substances when they putrefy; and it is also formed by many non* 
nitrogenous organic compounds whoi exposed to l^e prolonged 
action of air and water. 

llie real importance of ammonia to Animi^lw and plants cannot 
be comprehended so long as we confine our attention to its 
presence as free ammonia ; but it becomes much clearer when 
we look at it from a chemical point of view. On referring to 
Organio Bases, £. 0., A^ & S. Div., the general prinnple 
regulating the formation of the organic bases containing nitro- 
gen will be seen, and also the way in which these bases have 
been classified by chemists. Assiuning that the reader is ac- 
quainted with the remarks made in the article referred to^ 
we would again repeat that chemists are still of (pinion that the 
atoms of nitrogen m all organic compounds of natural formation, 
are the representatives or residues of^ as many molecules of am- 
monia; that these compoimds are built up in a particular way 
from the elementary types, carbonic acid (CO.), water (H,0), 
and ammonia (H^N). These substances, it will be noticed, are 
the principal ingredients of the food required by plants, ^rom 
the former two numerous complex organic products are formed 
by a constant process of deoxidation, which process appears 
to be one of the most striking characteristica of plant life; 
But there are many vegetable substances in wldch nitrogen 
forms a constituent, as^ for example^ the important greup of the 
nitrogm alkaloids, which includes caffeine, asparagme, codeine, 
morphine, &c Now, no amount of deoxidation could deprive 
ammonia of its hydrogen ; so that, if ammonia really is the 
source of the nitrogen m plants, this process must be otherwise 
explained. The explanation is, that in nitrogenous compounds 
the atoms of nitro^n are built into the complex molecule by 
constant dehydratiouLJ. e. by the successive removal of the 
elements of water. We cannot afford space to give any practi- 
cal illustration of this here, but these principles seem to show 
the close connection there is between the elimmation of moisture 
and oxygen from plants and the buildmg up of l^eir products. 
As dehydration tends to increase the complexity of the nitro- 
genous compounds, so on the other hand hydration tends to split 
them up into simpler compounds. Their nitrogen b^ing the 
residue of ammonia (H^N) is always ready, under favourable 
conditions, to reunite itself with the hydro^n 'from which 
it has been separated. Hence it is, that when the plant dies and 
is exposed to moisture^ it putrefies and rivea off" its nitrogen in the 
form of ammonia; and the same remans will apply to animals. 

The ammonia found in blood has been supposed to be the 
cause of its fluidity ; so that, when the blood- is exposed to the 
air, the volatile ammonia escapes, and consequently the coagu- 
lation sets in. This theoir was propounded by Dr. Richardson, 
in 1857, but it has found little favour amongst phvBiolofrists. 
[Blood, E. C. S.] "^ . . /^ 

As far as our knowledge extends at present, there is no way 
known by which nitrogen and hydrogen in the free state can be 
combined to form ammonia. It appears to be essential that one, 
at least, of the gases, be in the nascent form. In nature the only 
important source of anmionia is tiiroug^ ikiQ medium of organic 
substances. Hence Bischof concludes that all nlitural ammonia 
has been produced under the influence ol organisms. Some of 
the places where it occurs, such as ti^e days and iron ores, aa men- 
tioned at the bejiinning of this article, are apparently opposed to 
this view ; but smce such clays and ores were deposited or formed 
in water which certainljr contained decajringoigBnic matter, there 
is no reason for supposing they did not yield ammonia, and tiiat 
the ammonia so fonned was not absorbed by tiie clays and ores. 
A more difficult case to explain is the ammonia of the^ aqueous 
vapours fr^om the suffioni in Tuscany. But if, as ia ]^robable. 
this vapour was derived from the sea, it must have oontainea 
more or leas organic matter, which would account for some o^ if 
not aU, the ammonia. If it did not come from the sea, and did 
not originally contain orj^anic matter, it might still have derived 
ammoma from the fossiUferous limestone rocka which underlie 
the mouths of the auffioni. 

(Odling, Lectures on Oh&rwktru; Watts^ Dictionary of Chemistry ; 
Bischof, uhem, ds Phys. Oeologu4) 

AMMONITES [E. C. vol. l coL 144—149]. The great group 
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of the AmmonitidiB, which has been so enthusiastically studied 
of late years, and which has received such an immense accession 
to the number of its reputed species, is now believed to embrace 
upwards of 1600 specific forms, of which the genus Ammonites 
yields nearly one half. There are few, if any, genera so diffi- 
cult to arrange as Amm^onites and TerebratuUi, The student of 
the latter, however, has the advantage of checking his observations 
on the calcareous covering of the extinct species b^ an examina- 
tion of such of the allied generic forms as still exist in modem 
seas. The student of the AmmoniUs has not the opportunity of 
studying any living individuals of this genus, nor even of the 
family to which it belongs. Indeed the great tetrabranchiate 
order is only represented in the present seas by a few species of 
NautUus, From the fact of the family being wholly extinct, 
describers have been almost compelled to derive their oistinctive 
characters from the shell itself, and hence they have neglected, 
and we might say ignored, the opportimities which the living 
tetrabranchiates afforded of understanding the relations which 
the shell characters had to the soft parts. It is mainly owing 
to this neglect that so many false species have been created. 
Thus we &d the various stages of growth of the same species 
invested with specific names, a circumstance which plainly shows 
that the authors of those names were not acquainted with the 
characters which indicate the age of the shell. The earlier 
observers were also imacquainted with the position of the animal 
in the shelL In the unlive shells the dorsal surface is situated 
next the outer and longer curve of the whorl, and the ventral is 
normally directed towards the inner curve. In the NautilidaSf 
and there is reason to believe in the majority of tetrabranchiates, 
the animal was placed in the opposite position, that is, the back 
is towards the inner or concave part of the whorl, and the ventral 
surface towards the outer or convex part In short, the direction 
of curvature with respect to the ammal is entirely different in 
the Ammonites and other cephalopods from that in the gastropods 
and other univalve Molluscct, In most of the Ammonitidas the 
shell is curved in the same plane, but in some the shell is tur- 
reted ; in all these the direction of curvature is such that when 
the mouth of the shell is facing the observer it is situated on the 
side of liie base of the cone opposite his left hand ; while in the 
gastropod the usual position of the mouth when the shell is in a 
corresponding position is on the right side. In conchological 
language, the tuireted tetrabranchiates, such as TurriliteSf is said 
to have a sinistral shell, while the ^tropod has a dextral shell ; 
but these terms scarcely suffice to give the right impression ; for, 
having regard to the structural form of the animals, the sinistral 
cephuopodous shell corresponds to the dextral gastrojpodous 
shells. We say the one corresponds to the other, because m both 
the spire is on the right side of the animal itself. If the reader 
bears these points in mind, he will be able at a glance to see 
what position an Ammonite is in. If the mouth is tirrned towards 
his richt hand, he is looking at the left side of the shell ; while 
he is Tookins at the right side if it is turned downwards towards 
his left hfioia. In the case of most non-cephalopodous univalves 
the rule is just the reverse. 

In coL 148, voL i. E. C, it was remarked that at some future 
day the character of the aperture of the shell would be emploved 
as important aids in classification. This prediction was fulfilled 
in the classification proposed by Suess in 1866, in which he 
pointed out the relations between such characters and the general 
position of the animal in the shelL The most striking feature 
in Ammonites is the wide difference in the proportion which the 
last chamber, or that which contains the animal, bears to idl the 
others. In some, as for example, in A, svbimhilicatus and its 
allies, this chamber occupies a whorl and a half ; while in others, 
such as A, radians f it scarcely occupies more than half a whorl. 
Amongst the long chambered speaes the aperture of the shell 
has a simple margin, while in the short chambered shells this 
margin is usually drawn out into processes of greater or less 
length. On further examination, the shell yields evidence which 
seems to show that the animals in the short chambered shells 
were able to draw back neither rapidly nor entirely under cover, 
while the long chambered species could withdraw completely into 
theshelL 

Each of these two great ^upe are separable into others, to 
which Suess assigns a generic rank. The long-chambered group 
forms two genera, viz., Arcestes, which embraces most of the 
species usufuly referred to the globosi group, such as A, gaXei- 
firmiSf A, svhimhilicatuSf A, Johannis AustruBf and others ; as 
well as such high-mouthed forms as A. Mettemichii, A» imperatori, 
A, Layeriy A, d^ix, A. Dontianus, The second genus is Phyl- 
loceraSf and comprises the Heterophi/lli, and a few of the cretaceous 



Ceratites. It includes such forms as A. heterophyllus, A, UUriowm^ 
A, Zignodianvm, A, Zetes, A, VelledcBf A, Mimatenu, and others. 
The range of these genera in geological time is widely different, 
for PhyUoceras ranges through most of the secondary formation, 
while Arcestes is confined to the Triassic beds. 

The short-chambered species are also formed into several 
genera. Amongst the Fimbriati, the dorsal side of the mouth 
was produced forward in a long projection. A similar projection 
occurred in BactUites, Crioceras, Ancyloceras, and other genera ; 
but there is no relation between this part in the two groups, 
since it is situated on the dorsal side in the Fimbriaiif and on 
the ventral side in the BacuMtes, &c The Fimbriati are further 
distinguishable by their involute whorls, the ornamentation of 
the shell, and the complicated antisiphonal lobe (by which term 
is meant what was formerly called the ventral lobe). This 
^up Suess calls by the generic name Lytoeeras. It first appears 
m the Lias. 

In most of the other groups there was one or two processes 
projecting from the lateral or ventral edge of the moutn, which 
were secreted by, and gave support to, the muscles which kept 
the animal in its shelL These processes consist sometimes of a 
spoon or plate-shaped continuation of the margin of the shell, 
sometimes of a long or short narrow projection, and sometimes 
of both these parts. Suess calls the firat Myothek, and the latter 
Myolab, In tne Amalthei, Falciferij Cristaii, and similar groups, 
the ventral process was small ; and, so far as can be ascertained, 
the animal appears to have been able to retreat entirely within 
the shelL Tne Aones and RJwtomagenses groups had a short, 
roimd, and broad ventral process ; wmle the OmanH proper, the 
Flexuosif the GanaliciUatt and the Tricarinata possessed both 
Myothek and Myolab. The Planulati and Goronati also pos- 
sessed these during a portion at least of their life. In these last 
mentioned forms tne body was only partially covered. 

The Ammonites are, as has already been said, restricted to the 
secondary formations ; and of all the molluscan group, no other 
is of such general occurrence, and no other presents species which 
are for the most part so restricted in their range. Hence the 
palaaontologists have lately employed the succession of Ammonite 
species as a means of marking off the secondary beds into zones, 
each zone being named after an Ammonite, or, if an Ammonite is 
not convenient, from some other species of Mollusca, These 
zones, or representatives of epochs in time, do not include the 
whole of the period which elapsed between the first and last 
appearance of the species used to mark such zones, but they 
inoicate the time dunng which a set of beds having certain definite 
distinctions were deposited, which beds contain the Ammonite 
in question in considerable abimdance, associated with a par- 
ticular fauna. If the Ammonite occurs without the fauna, it is 
not regarded as a proof of the age of the beds belonging to the 
zone named after it These zones have been of considerable 
service to the ^eolo^t, but they require to be accepted mdth 
great caution, since it would seem that in some instances they 
are not fully to be relied on as indications of relative time. As 
an example of these zones, we append a list of those recognised 
in this country in the liassic and oolitic formations, the fijnst 
mentioned being the latest in time : — 



NAME OF ZONE. 

A, Parkvnsoni . 

A» Hvmphresianus 

A, Murchisonce 

A, Jurensis 

A, comm/imis . 

A, spinatus 

A, margaritatus 

A, Davcei it Henley i • 

A, raricostatus, 

A, oxynotus 

A, obtusus 

A, Twmeri 

A, Bucklandi . 

A. angulattu 

A, planorbis . 



GEOLOGICAL BED OR FOR- 
MATION. 

C Upper Tr^onia Grit 

< Gryphite Grit. 

( Lower Trigonia Grit 

Upper Freestone. 
( Oolite MarL 

< Lower Freestone. 
( Pea Grit 

Upper Lias. 



Middle Lias. 

Lower Lias. 

Belemnite Beds. 

Arietien Beds. 
Hettangien Beds. 



The distribution, geographically, of the genus Ammonites may 
be regarded as world-wide, since species have bee 



been recorded from 
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AMMONITES. 
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North and South America, from ahuost every part of Europe, 
from South Africa, from Asia, more especially southern India, 
and from New Zealand. The materials are now so abundant 
that some clue might be gained as to the law of the distribution 
of Ammonites, Siich a task would take us far beyond our 
limits ; but it is remarkable that some species appear to have 
extraordinarily wide geo^phical ranges. Thus, of the 93 Indian 
species found in S. India, 19 are also met with in European 
strata, and one, viz., A. Gardenia is found in India, Africa, and 
Europe. All the species are from cretaceous rocks. The fol- 
lowing are their names : — 

A. OotaeadeMis, Stol. 

A, stibtricarinatuSf D'Orb. 

A. injUUui^ Law. 

A. caudaUianuSy Pictet. 

A, Gardenif Baily. 

A. Rothomagmiia, Dcfrance. 

A, navicularUf Mant 

A, dispar^ D'Orb. 

A. Mantellif Law. 

A, Guadaloupce, Homer. 

A. Orbignyanue, Geinitz. 

A, Largilliertiahus, D'Orb. 

A, mbtUpinus, D'Orb. 

A. perampluSy Mant 

A, BevdanU, Brongn. 

A, TrinoiheanuSf Major. 

A, kUidartatuSf Mich. 

A. VelUdat, Mich. 

A. Bouyamu, D'Orb. 

In order to indicate the relative geological positions of many 
of the principal species of AmmoniteSf we will give first an out- 
line of Seebach's classification of the Oolitic beds of Hanover, 
and then a list of the species occurring in the British Isles. In 
both cases the beds are enumerated in their inverse order, the 
oldest and lowest being named first. 

According to Seebach, the Lias consists of : — 

1. Psilonotus beds, with A, Johnstonu 

2. Angulatus beds, with A, angulattu, 

3. Arietes beds, with A, Bucklandi, and A, Conyheari, 

4. Planicosta beds, with A. planicosta, and A, ziphiue. 

6. Brevispina beds, with A, brevispinaf A, birwtatvs, and 
A, Jamesoni, 

6. Capricomus beds, with A, eapricornus, and A. curvicomiu, 

7. Amaltheus beds, with A, margarttatus, and A, spinattu, 

8. Posidoniae beds, with A, Lytheyisisy A, bartalis, and A, cam- 

munis, 

9. Jurensis beds, with A, disperutu, A. striatultUy A. Ger- 

manii, A, inngnis, A, Jurerms, 

Tlie Dogger group is divided into : — 

1. OpaUnus beds, with A, rcuLioxiUf and A, ofoiinus. 

2. Inoceram/uspolyploctishedf'mth. A, Murcktsonas^ and A, cy- 

cloides, 

3. Coronatus beds, with A, Breekinridgeiy A, pinguity A. 

GervUlii, A, Sauzei, and A, Hymphretianus, 

4. Parkinsoni beds, with A, Parkiruoni, 
6. Oatrea Knorrxi beds, with A, orbis, 

6. No Ammonite is mentioned. 

7. Ferruginous limestone, with A» posterw, 

• The Upper Oolite is divided into : — 

1. MacTocephalibeds, with A, maerocepikalus, A» GotMrianuSy 

A,funatus, and A, ccUvtu, 

2. Omatus clay, with A. Lamberti, A, cordatus, A, omatus, 

and A, Jason, 

3. Hersum beds, with A. cordatus in lowest part ; A, perar- 

matus, and A, mendax, 

4. Coral beds, with Iscutrcsa helianthoides, 

5. Coral oolite, with Cidaris florigemma, &c 

6. Nerinasa Visurgis beds, with N, Visurgis, &c 

7. Pteroceraa beds, with Pterocenu Oeeani, &c. 

8. Exogyra virgtUa beds, with E, virgulOy &c. 

No Ammonites specially characterise beds 4 — 8. 

9. A. gigas bed. 

The list of British Amm^mites is drawn up from the ' Cata- 
logue of the Fossils in the Museum of Practical Geology,' by 
Professor Huxley and R. Etheridge. 



Lower Lias : 



A, ohtustis, 
A. Conyheari, 
A, Buadandu 
A, stellaris, 
A, Dudressitri, 
A, HenUyii, 
A, Charmani, 
A, Birchii, 
A. Brookii, 
A, angulatm, 
A, Tumeri. 
A, oxynotiu, 
A, armatus, 
A. Carusensis, 
A. ziphius. 
A, ptanicostatiu, 
A, neterogeyttu, 
A, mMmatus, 
A, iguUnns, 

A, Engelhardtii, 
A, JtmbriatvLS, 
A, margaritatus, 
A, armatus, 
A. spinatus, 
A, Maugenistii. 
A, Boblayei, 



A, serpentinus, 
A, MtUgravitis, 
A, Thouarsensis. 
A, Normanianus, 
A, independens, 
A, variabilis, 
A, Moorei, 
A, radians, 
A, falcifer, 
A, striatultu, 
A, Lythensis, 
A, Solaris, 
A, candidus. 
A, bifrons, 
A, Aalensis, 



A, Dorsettensis, 
A. Parkinsoni, 
A. Jurensis, 
A, Humphresianus, 
A, Blagdeni, 
A, Brongniarti, 
A, Mv/rchisona, 
A, Tessonianus, 
A, Sowerbyi, 
A, Eudesianus, 
A, GervUlii, 
A, Broechii, 
A, Sauzei, 



A, hallecius, 
A, Bechei, 
A, foricatus. 
A. obli^uatus, 
A, torttlis, 
A, semicostatus, 
A. raricostatus, 
A, Sauzianus, 
A, catenatus, 
A, aureus, 
A, nodidosus, 
A, planorbis, 
A, Guibalianus, 
A, Ueviqaius, 
A, Bdbinsoni, 
A, acdpUris, 
A. Dennyi, 
A, triviiUis, 



Middle Lias : 



A, eaprieomis, 
A, Davcei, 
A, semicostatus, 
A, complanahis, 
A, Losconibii, 
A, hybridus, 
A, vittatus. 



Upper Lias : 



A, tumidus, 
A, cordatus, 
A, lenticularis. 



A, opalinus, 
A. elegans, 
A, annukUus* 
A, communis, 
A, BolUnsis, 
A, crassus, 
A, Desplacii, 
A,Jlbtuatus. 
A, Hokmdrei, 
A, Ra^inianus, 
A, insignis, 
A, Grenouillouxii, 
A, comtLcopia (7). 
A, heterophyllus. 



Inferior Oolite : 

A, polymorphus, 
A. Martinsii, 
A, Linneanus, 
A, GaranHanus, 
A, insignis, 
A, Edouardianus. 
A, zigzag, 
A, Caumontiu 
A, Defrancii, 
A, concanus, 
A, subradiatus, 
A, TrueUii. 
A, ooliUcus, 

Fuller's Earth : 
A, GervUlii, 

Stonesfield Slate : 
A, heetieus. 

Great Oolite : 
A, subcontrMtus, 
A, macrocephaius. 

Forest Marble : 
A, Bakericb, 

Combraah : 

A, discus, 

A, macrocephalus, 

A, Bakeries, 

Kcllaway's Rock : 

A, modiolaris, 
A, sublcBvis, 
A, Kctnigi, 



AMMONITES. 

Kclkwaj's rock, continued. 
A. Evdaau. I A. maeroc^haiiu. 

A. BrighHi. A. Gulielmi. 

A. Oovieriatt'tti. A. jxrarinofui. 

A. CaUovietntis. I 

Oxford Clay : 



A.EtginaUi. 




A.Kimigi. 


A.Mante. 




A. httlwu. 


A. aikitt'ut. 


A. Ewenii. 
A.Uplec 


A.Cymodou. 


A. exeavattu. 


A.Bakeria. 


A. knticMlan». 


A.I}imeani. 


A.M^Aknnt. 


A. Ba^^-i. 


A.modiolari,. 


A. crenotiw. 




A.jtmt,^^. 


A, Ev^u,. 


A. AcKiOe). 


A.perarmahu, 


A. Qmptoni. 


A.*pinomt. 




A.eordatu*. 


A.Jtuon. 




A. <Mielrn*> 




A. Lontdalii. 


A.Lamberti. 


A. Brighta. 


AwrfairaK.. 


A. Sedgtrickii. 


Coial 


Bag: 




A. eubl<evi». 


A. AAUU*. 


A. enpaliu. 


A.cordatut. 


A.eudoxut. 




A. pliamiphalvt. 
A.modioiaru. 


A.Lambertu 


A. bipUx. 


A.triplix. 


Kimmen 


dgeCIay: 


A.trivUx. 
A.Lamberti. 


ifiS"' 


Portkn 


d Stone : 


A. ntundiu. 


A.bi^ 




A.bipUa. 


Lower a 


reensand: 








A. MarUnii. 




A. retiaiitalus. 


A. Comvaiamu. 




Ga 


ult: 


A. dentattu. 




A. varicoslatut. 




A. Ooupei. 


A. Uuitut. 


A. roilratiu. 




A. in/atm. 


A. diiptiaitiu. 


A. ouniu5. 


A. mutabilU. 




A. amdnnvs. 




A. venaitui. 


A. drcutarit. 


A. tvaidut. 












A.ntiUa. 






A.eU^f^. 


A. hystrir. 


A. rntnulw. 


A. mammiUaru,. 


A. tTiJureatut. 


A. BovdiaTdianvi. 




A. emtatiM. 


A.wUtdw. 


TTjiperG 


-eensand: 


A.avrtiui. 




A.variconu. 






A. mammiUarii. 






Chall 


Marl: 


A.iMvi«\UaTi,. 


A.Coupei. 




A. nttratut. 


A. MarUeUi. 


A.AiaUni. 



Lower Clialk : 
A. Batiiomagentii. 
A. na\-icjilarU. 



Upper Chalk: 

A. Ori^ii. 

A. Lewitientii. 
AMCEBA, the typical form of a group of lowly organized 
animnls constituting the order Lobota in the Hub-kmgdom 
Frotceoa. Appareatly it conaiBta of a gelatinous ttBngparent 
Btmcturelees substance, for which Dujarfa proposed the term 
tareodt, or rudimentary flesh. In rize it varies between ^h and 
j^th of an inch in diameter. It liveH in rivers and ponds, and 
creeps about by constantly altering tbe form of its body ^which 
can scarcely be said to have any definite shape), and from which are 
tiirown out short broad processes (Jig. 1). Di AtM^m and it« allies 
these processes, or pKa£modia, are ^ort and lobated, a character 
readily distin^ishing them £rom other lUiizopodB, in which 
^t ptttidcpodta are long and slender. The ^nutria is a leitlesg 
creature, and is seldom, if ever, found inactive. PortionB of the 
body are bulged out on one dde, and then retracted, the effect of 
which is to draw the body in the direction of the extensions. 
Under tiie microscope the creature appeals to advance by a kind 
of rolling action, but this is an optical illnsion ; in reality it is a 
creeping motion. This is an important observation, for on the 
supposition that the creature rolls over, the madapodia would be 
extended from erery part of the body indinerently ; whereas, if 
'* '~ a mode of reptation, the ptevdopoiM, will be extended from 
surface only. On this latter hypothesis there is a ventral 
surface and a dorsal suriace in these animals. This view is 
strengthened by tiie fact that in some of the forms of AvuAa, or 
species OS they are termed, the nucfnu and amtractiU vaidtt lemoin 
imaltered in position witA respect to the other parts of the body. 
The Amama feeds upon almost any minute object that its 
processeB come in contact with : DvUmniKXa, Vamidvx, bagments 







of Aig(t, Infutoria, Batiferw, Enlomoitraae ; inoiganic particles, 
such as sand ; all are ^ke taken into its interior. There ap- 
pears to be no selection. There is no oral aperture for the 
introduction of food, which seems to be forced into the subetaacs 
of the animal's body much as a stone might be thrust into a 
lump of day. If' the object ingested is huge, it is gradnally 
reduced to minute granules, which are diffused through t^e 
interior of the animal, impartii^ to it a colour corresponding to 
that of the granules. SucEof the food as the creature cannot dis- 
solve is graduallv expelled in much the same way as it was taken in. 
However lowly oigomsed the Amaia may be, it is not with- 
out some differentiation of parts. Theperipheryofitsbodyhasa 
certain amount of consistency, while the inner portion is fluid, 
or in other words, a gelatinous eetotare surrounds and graduaUy 
passes into a liquid mdotan, which increasea in fluidity its 
the centre is aOT)roached. The difference between the two is 
strongly marked in a well-fed Amaba, sinco the coloured 
granular portion of ^e food is diffused through the mdoiarc, and 
not through the eetotare. Indeed, in some forms of Amaba (as 
A. bilmhoMa), the superficial portion of the eclosaTc appears to 
have a membranous consistency ; but this envelope is not perma- 
nently continuous, as it is broken every time Apitudepodivm is 
extended. It must not, however, be snppoeed that any definite 
boundaiy line exists between the nujomrc and the teUMare ; the 
two parts gradnally merge into each other. The food nndergoec 
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a kind of ciiculittion before it is completel7 digested. This 
dilatory movement vomewliBt resembleB the penirtaltic moti 
of the stomach in higher animals. It is promoted partly by the 
constant mutation of the form of the gehitinous ectotaTc, and 
portly by means of the contractile vesicles. In the interior of most 
AttuAa tliere may frequently be noticed a eeutral solid particle 
(fy. I, n) surrounded bv a dear, flattened vesicle, and adherent to 
the inner portion of tne ccioforc This is termed the nackut. 
There are also one or more clear spaceB, or contTaOilt ttticUt; 
but these latt«r ai« almost always found in the «chiiarc only, and 
generally at its outer surface. These vesicles slowly contract 
and eulaige ; the period intervening between the contractions 
varies ftom half a minute to three or even five minute*. In 
expanding they become filled with a colourless fluid, which ii 
discharged into tlie interior of the animal's body on contracting. 
Such is the simple organization of the JnuEba; hut notwith- 
standing its simplicity, natuialista have not yet obtained a clear 
conception of the way in which digestion, reproduction, and 
otlier processes are carried out. 

A thorough examination into the chemical compoddon of tiie 
AmfCeba womd ihrow great light on many of these points, and 
also on many questions relating to the economy of animalH 
hisher in organization. The bodies of all the ProUaaa are 
buieved to be chemicaUy identical, and to be composed of the 
Hubstanee, oi protoBlaim as it ia termed, &om whicQ all animal 
tissues are evolved by a process of gradual differentiation. In the 
Aiaaba we have the traces only of a differentiation. In it the 
Barcode is composed of an albuminoid base, having dispersed 
through it a number of oil particles. It is soluble in alkalies, is 
rendered transparent by acetic acid, and tinged brown by iodine. 
The ectosarc and endosaro behave somewhat differently when 
treated with reagents. If A. raditna, be treated with a dilute 
alkaline solution, the endoaarc contracts upon itself, while the 
ectosare remains unaltered and is seen to consist of a aorroond- 
ing envelope, &om the inner surface of wliich, radiating exten- 
nons or septa project towards the centre of the animal's body. 
The nucleus ia also soluble in alkalies, but it la rendered darker 
and more distinct by dilute acetic acid, in consequence of the 
{n^pitation of gnmular matter in the dear space which sur- 
roonda the centm solid particle of the nucleus. If the acid ia 
Btrenethened, the nucleus is dissolved. In ^4, bilimbota starch 
graniUes have been detected by AuerbacL 

There are several modifications of the ordinary Amraban type. 
One remarkable form, PodotUmia, occurs abundantly in an 
aquarium at Berlin^and very much resembles XnuE6a when at rest, 
but differs from it m having a long whip-like filament at the end 
of its broad, shoit psendopodue, witn which the surrounding water 
is lashed. When it comes in contact with any_ object the fila- 
ment is coiled round it, and the process of ingestion proceeds as 
in AituAa. There are others which possess tests enveloping 
them wholly or partially. Thus in Fteudoehlamyt there is a 
carapace on the back (uiaped somewhat like' the shell of a 
limpet), which possesses sufficient pliability to change its form 
with the motions of the body. P. paUUa has from 6 to 10 con- 
tractile vesicles and 1 nucleus. 

There are two principal types of testaceous Amabina, viz., 
Arctlia and DiJIuffia {Jig. 2, A and B). In Arctlla, the test, as 
the £ita outer coating is cwed, is membnwons in conustency. 
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Yla.t.—i,^niaA<iiilpatii;B,IH/liifflatliil>idoMiL (Ut»T OrffnUt.) 

and hemispherical in form; lometimee it ia flattened, and 
sometimes it is vasiform. It is perforated with but one aporture, 
through which the pseudopodi* are protruded. The animal 
creeps with the moutii of the shell downwards, so that in this 
case there can be littie donbt there is a differentiation of the 
ventral from the doisal surface. There are several contiactila 
vesicles, which are situated near the outer edge of the hemisphere. 
The test is incapable of growth, so that from time to time the 
animal is compelled to withdraw from it This it does by pro- 
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jecting a portion of its sarcode body &om the apertnre of the test 
it has grown too bulky for. A new test forms on tlie portion 
thus exposed ; at first it ia thin, transparent, and coIoufIms, but 
it sraduBliy thickens, at the same time acquiring opacity, uid a 
light yellowish-brown colour. The old and new tests are deve- 
loped with their apertures opposite each other, and the ssroode 
body passes alternately from one to tJte other until t^e new test 
has acquired sufficient consiBtency. llie final evacuation fiom 
the old test is generally attended by so much violence that it 
splits. In Dyffoigia the test ia usnall^ spherical or ovoidal, the 
suwle aperture being at one end ; it is "■■" and membianoos, 
and wanting in firmness, when freed from the particles of sand 
and shell which are always found adhering to its external surface. 
The Pamvhagv* of Bailey is regarded by some as belm^gtng to 
the Amc^ma. 

Our knowledge of thft distribution of tiie group of creatures 
noticed in this article is too insuffident to enable us to drew any 
general conclusion. There is, however, tliis remarkable point, th*t 
all the forms hitherto discovered have bera inhabitants of Inalt 
water. Prot Bailey (' Am. JL of ScL' 1856) reports llie octnurenoe 
of Dipagia marina at a depth of S700 fathoms in the Atlantic. 
It is doubtful if the creature found under these conditions has 
been coirectiy assigned to this genus, all the other membeia of 
which live in fresh water. Famjihagiu is found in the sea, but 
this form is probably nearly allied to Actinophrys. [See Aonso- 
FHBTB, £. C S.] Amtaba has been found in Euiope and India, 
but is probably far more widdy distributed. IUffiiugia and 
ArttUa occur in Europe, Asia, ana Amarica. 

(Caipenter, Introduttion to the Study o/ the Forammifera; 
Qreene, Mamud of (As Preltxsoa.) 

AMPELIS. [BoMnToru^ E. C. 8.] 

AMYGDALOID [E. C. vol. i. coL 188]. In ^e ploM referrsd 
to it is said to be a variety of trap rock. An amygdaloid is mora 
properly speaking a rock which presents a peculiar sbnctni«, 
which structure may be found in rocks differing widdy in tbeii 
compoutaon and general character. The name, therefore, is not 
that of any one species of rock, but that of varieties of sevenl 
species of rock which agree only in having an amygdaloidal 
character, while the J differ in others whidt are &r more essentiaL 

The atiucture is due to cavities in the rock having been filled 
op with certain minerals. The cavities vary greatly in size and 
tne degree to which they have been fiUed up. Qeueially the 
small ones are entirely occupied, and the large ones only pcrtially 
bo; butinstoncesoccurin wliich theoppodtestateoftlungaismet 
with, so that the latge cavities are filted, but not the small ones. 
The rocks in which the cavities are filled are said to be amygdA. 
loidal, and those in which the cavities have not been entirely 
obliterated are called drusy. These two states merae into one 
another, so that cases occur in which it is difficuK to dedde 
which term to apply. 

The cavities appear in most cases to have been formed bv gas- 
bubbles rising tnrongh the rock when in a semi-plastic eonlitton, 
and they an most conummty found in soch as have flowed as 
lavas iiasa andent volcanoes. Similar cavities are formed in the 



Invu of the pres«at period, but thev are never fiUed up. Tluir 
shape varies &om ^obolor to oval and linear, and their ia&ei 
soiuee is generally smoodL The usual minerals an those which 



itttise mineral veins, mch as quarts, amethyst, chaic«doiqr, 
caldtb dolomite, Molites, bamine or heavy aps^ and dd«Mtai 
they have been introduced by inflltratang water, and mkav of 
them an hydiated. The amygdnles, or the substauoM filUi^ 
the cavities, are sometimes formed of one mineral, and aometimea 
of several minerals, or different varietita of the same mineral 
arranged in concentrically parolld bands. Sometimes the layers 
are arranged horiiontalljr one above another, as in the figura 
under Aoatk, E. C. It is remaricable that the agate amygdulea 
with horiiontol layers piedominata in some, while those with 
concentric layers prevail in others. The hollow amygdulea 
occuz in locks poor in silica, rarely in those which are ndi 



In the ^reat majority of instancfw the amy^ules are firmed of 
minffTala introduced into previoudy existina cavities by the 
action of waterj but sometimes they appear Ic nave been formed 
by the conversion of aurate cr^vtaU into caldte, and somelimM 
bythealteiationof thepebblesmaoonglomeiate. Asamygdoles 
are formed in various rocks, sach as budt, dolerite, melaphyre, 
diabase, augite-poiphyry, &c., it has been found convenient to 
distinKUish the different amygddoida by sucli names as basalt- 
amygdaloid [Basalt, E. 0,\ mels^hyr^amygdaloid, greenstone- 
amyvdaloid, and so on. 

(Zirkel, Lthrlmeh dtr PttngnplHi, £d. i. 1666.) 
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AMYLOID SUBSTANCE. [Starch, K C. S.l 
AN ALCIME (Na,0. SiO, -f Al^O,. 3 SiO, + H, O) is one of 
the zeolites, wliicn crystallises in the regular or cubic system, and 
yet possesses physical properties which as a rule do not belong 
to tne minerals of that system. The general characters have 
already been described under Analcihe, E. C, where, how- 
ever, Sarcolite is said to be a synonym. It is really a silicate of 
alimiina and lime, and forms one of the varieties of Scapolite. 
Analcime usually occurs in 24-sided crystals similar to those of 
leucite, whence they are sometimes called leucitohedrons ; it is 
also sometimes met with in cubes with the eight solid angles 
replaced by the faces of an octahedron. The purest crystals are 
colourless and transparent, but sometimes white, inclining to grey 
or flesh colour. It is only when they become reddish tmit Qiey 
are opaque, and of more than the usual size. There are also 
lameuar, globular, and fibrous varieties. The principal pecu- 
liarity about analcime is its power of polarizing light Crystal- 
lographers assert that all crystals not belonging to the regular 
system are doubly refracting, and that the regular crvstals 
refract light singly. Moreover, it has been found that when a 
doubly refracting substance is looked at by means of polarized 
liffht it developes colour. Hence it is frequentlv assumed that 
when a crystal appears coloured by polarized light it belongs to 
a doubly refractmg substance. Analcime, as we have seen, 
belongs to the regular system, and yet it developes colour under 

Solarized light This anomaly is usually explamed by means of 
lot's theory of lamellar polarization, and by considering anal- 
cime to be somewhat analogous to a bundle of class plates, which 
is capable of polarizing li^t by refraction, although this pro- 
perty is not possessed by the homogeneous substance of the plates 
when separated. This supposition is not entirely imwarranted, 
for on examining crystals of analcime a series of equidistant 
bands of different tints may be detected, which with the pecu- 
liar lamellar fracture seem to indicate that they have oeen 
built up of a series of superposed plates. According to De la 
Fosse, the crystallization has occuired during a series of regular 
periods of rest and action. The crystals of otner minerals present 
a similar stratified structure, but in them the building up has 
been by an irregular, not a regular process. Amongst the few 
minerals possessing this regular compound structure are nitre, 
arragonite, topaz, and apophyllite, while boracite, rock-salt, and 
ammonia alum give rise to the phenomena of lamellar polariza- 
tion. Leucite and the diamond also appear to possess similar 
properties. 

Analcime occurs in numerous localities in America, as well as 
in Europe, principally in clefts and geodes in granite, trap-rocks, 
lava, diorite, and dolerite. Among the American localities may 
be mentioned the Lake Superior region, especially the Copper 
Falls and North Western Mine, where it occurs as lar^e trans- 
parent trapezohedrons (or leucitohedrons, as this form is some- 
times termed), in a greenish magnesian silicate. They are 
always associated with a peculiar kmd of orthoclase, and under 
such circumstances as to indicate that both must have been 
formed at the same time. 

(Whitney, Am, JL 8cL [2] xxvii. 8 ; De la Fosse, Nouveau 
Cours de Mineraloffie, iiL 305 ; Watts, Diet, of Chemistry.) 

ANDALUSITE. It is an anhydrous silicate of alumina 
(SiO|. Al^Og) in which the silica and alumina are combined in 
equal atomic proportions. It may, therefore, be convenientlv 
looked upon as the laical form amongst the group of crystal- 
lised minerals to which it belongs, viz., the aimydrous silicates 
of alumina. This ^up comprises about a dozen minerals, 
supposed by some mmeralogists to belong to as many different 
species ; but it is probable that nearly one-half of them are simply 
varieties. The cnaracteristics of andalusite and its relation to 
other species will be best shown by examining these minends 
Beriatwiy beginning with those contaming the largest proportion 
of silica. 

Nacrite (3 SiO,. Al^OJ. — No analysis has been given of the 
anhydrous form of this mineral Thomson's analysis [Nacrite, 
E. C.] contains I per cent, of water, together with 4*4 per cent 
of the protoxide of iron. The presence of these two constituents 
will probably account for its possessing an argillaceous odour 
when breath^ upon. Its specific ^vity is less than that of 
any of the following minerals, which is in narmony with its com- 
position, since silica is lighter than alumina, the former being 
about 2*6, the latter about 4. 

Bamlite (dSiO^ 4 Alfi^. — In appearance, structure, crystalline 
form, hardness (6 — 7^, and colour, it mucn resembles kyanite. 
But it differs from it m chemical composition (containing a lai^^er 
proportion of silica), in specific gravity, and in its lustre, which 



last is silky, as in the case of nacrite. According to Watts's 
^ Diet of Chem.,' art Kyanite, it has nearly the same chemical 
composition as kyanite ; but there seems to be a considerable 
difference, if the analyses given under Bamlite, E. C, and by 
Erdmann, as follows, are to be depended on : — 



SiUca 56-90 

Alumina 40*73 

Peroxide of iron 1*04 

Lime 1*04 

Fluorine tr. 



=42-81 



Bamlite contains nearly 57 per cent of silica, whereas kyanite 
contains about 37 per cent only. The oxygen quotient, also, is 
widely different ; that of bamlite is *6€6 in tne purest speci- 
mens, while that of kyanite is 1*500. Kobell regards it as a 
mixture of kyanite and quartz, and De la Fosse makes it a 
variety of sillimanite. A fresh examination of tiiis mineral is 
much wanted. 

BtLchohite is usually regarded as a variety of sillimanite, as 
stated in the E. C. [BucholziteI but neither of the analyses 
there given correspond with the chemical formula of sillimanite. 
The original analysis by Brandes (the first given below) gives 
the formula 2 SiO,. Al,Oa, as also does Thomson's analysis in the 
Cyclopssdia, while that by Erdmann seems to resemble sillima- 
nite in composition. The physical properties assi^ed to it by 
Bristow (' Gloss, of Min.,' art. Bucholzite) are undistinguishable 
from those assigned to sillimanite, and the analyses by Silliman 
given imder (2) and (3) correspond with the formula SiO,. Al^O,. 



Silica . I 
Alumina 
Peroxide of iron 
Potash 
Magnesia 



500 
25 
1-5 



(2.) 

3616 

63-52 



36-31 
62*42 
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Xenolite is another mineral, which, according to Des Cloizeaux, 
De la Fosse, and other mineralogists, is a variety of silUmanite. 
Tlie specific eravity assigned to it by Bristow, viz., 3*68, is 
higher than that assigned to sillimanite, and rather resembles 
kyanite. 

Andalusite (SiO^ -^OX The above formula has been 
adopted as best agreeing with the numerous analyses that have 
been made, and more especially the recent ones. Bischof gives 
it the oxygen quotient of 1-333, which corresponds to the 
formula 9 SiO-. 8 Al,Oy The analyses (1) by Pfingsten of a 
specimen from Braunsdorf, near Freiburg, indicates a tolerably- 
pure andalusite ; the others (3) from Katharinenberg, and (2) 
from Robschiitz, are less pure. The green andalusite from 
Brazil, analysed by Damour (4), also appears to be nearly 
pure : — 



Silica . . 
Alumina 

Peroxide of iron . 
Lime . • « 
Magnesia . • 



Sp.gr. 



37-57 36-84 2«-74 37-03 



59-88 

1-33 

•61 

•17 

99-56 
3-07 



36- 

55-82 
3-22 
1-09 
114 

98-11 
311 



35?4 

56-98 

6-71 

•15 

•20 

98-78 
312 



37- 
61-45 
117 



99-65 



In addition to the characters given in E. C. [Andalusitb], 
we may notice that the hardness of the hyaline variety is 7*5 ; 
and that the vitreous specimens have a specific gravity of 3-i6. 
The colour varies, and may be absent, pale rose, peach, flesh-red, 
reddish-brown, or olive-green. In the Brazilian hyidine speci- 
mens, trichroism is frequently met with, a different colour being 
presented in the direction of each axis, viz., hyacinUi-red, yellow- 
ish-green, olive-green. It possesses a strong n^ative double re- 
fraction. The usual colour of andalusite is violet-red or pearl-grey, 
and specimens are frequently covered with or penetrated by ^tes 
of mica and kyanite. 

Chiastolite is a variety of andalusite in which foreign matter has 
been so incorporated with the crystals as to indicate their S3anme- 
trical internal structure. This matter is apparently derived from 
the black schist or other dark matrix in which chiastolite always 
occurs. Frequently it is of a carbonaceous nature ; and hence it is, on 
exposing the crystal to heat, the colour vanishes, leaving the crystals 
as transparent and pure as andalusite. Sometimes it consists of 
portions of the schist itself. The black matter assumes various 
forms. Sometimes it resembles the Greek x ^ form, whence 
its name : more finequentlv the centre of &e crystal is occu- 
pied by a black rhomb, the sides of which are parallel with 
those of the crystal ; while the four angles of the rhomb are 
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connected by four black lines with the four angles of the 
crystal In other cases the four comers of the crystal are 
occupied by four additional, b\it similar, rhombs ; ana in still 
other cases there are a- number of dark strisd in the clear 
portion, which run parallel to the inner sides of the rhombs 
occupying the angles. In a few instances the prism may be 
almost entirely black, the only colourless part being a narrow 
external rim. Chiastolite is widely distributed. The analysis by 
Landgrabe in E. C. [Macle] is probably erroneous. Most of its 
properties and ite chemical composition are essentially the same 
as tnose of andalusite. Its hardness is generally rather less; and 
in some specimens as low as 5*5. 

SiUimanite has a general resemblance to andalusite in che- 
mical composition and physical properties. Its crystalline 
form is nearly the same, but diifferently modified; its optical 
properties are slightly different; but its specific gravity is some- 
what greater, or 3*24, and its hardness about 7*25 (not from 8 to 
8-5, as in E. C. [Sillimanite] ). The analysis by Bowen, given 
in the same nlace, does not agree with the analyses more recently 
made by Silliman and Damour. WorthiUy MonroliUy Fibrolite, 
and Buchobtite are probably varieties of sillimanite. 

Kyanite has the same coniposition as andalusite, but a diffe- 
rent crystalline form. It differs from it in many of its physical 
properties. Thus, as regards colour, andalusite presents various 
shades of reddish, which merge gradually into men ; while in 
kyanite the transition shades appear to be of a blue and yellow 
tinge. Chiastolite developes positive electricity when rubbed 
with sealing-wax: whereas kyamte developes positive electricity in 
certain crystals or on certain faces,and negative electricity on other 
crystals or on other faces. It was from this double electrical 
property that Hauy proposed to call it disthene. Some of the 
lamellse of kyanite exhibit two colours at once, viz., a blue band 
between two white edges : sometimes they give shades of yel- 
lowish or blackish grey, the latter colour being probably due to 
graphite. These ^enomena are analogous to those presented 
by chiastolite. After its crystalline form, the most striking 
difference between andalusite and kyanite is in specific gravity, 
which in the latter is about 3*559; that of white kyanite (Rhati- 
zite) is 3*67; and that of the blue transparent variety from the 
Tyrol is 3*661. 

Judging from the feu^ts here collected, it might be concluded 
that the physical properties have a more intimate connection 
with the crystalline form, than with the chemical composition. 
For it may be poticed that all the minerals resemble either 
andalusite or kyanite ; that where there is a slight difference in 
the mode of crystalline development there is a slight variation in 
the physical characters, but corresponding changes do not appear 
to accompany differences in chemical composition. For instance, 
Bamlite and KyaniU are very similar physically, but widely 
different chemically ; while, on the other hand, andalusite and 
^anite are chemically identical, but physically they present a 
marked contrast. They crystallize in two distinct systems, and 
round one or other of tnem all the anhydrous silicates of 
alumina may be grouped. 

Our knowledge respecting these minerals is not sufficiently 
precise to enable us to make any general or comprehensive 
observations with confidence ; but there seems to oe, in the 
majority of cases, a close relationship between the chemical 
composition and the specific gravity. Thus, assuming the 
specific gravity of the silica to be that of quartz, or 2*6, and 
tne specific gravity of the alumina to be that of corundum, or 4, 
there is a near agreement between the calculated and actual 
densities. This is shown in the following table; — 

Specific Gravity. 

Calculated. Actual. 

Nacrite, 3 SiO,. Al,Oa .... 2*9 2*79 
Bamhte, 9 SiO.. 4 Al,Os . . ^ . 2*98 3*0 

Bucholzite\ \ 3*24 

Andalusite I I 3*16 

>SiOa.Al,03 >3*3 

Sillimanite i i 3*24 

Kyanite J J 3-67 

Xenolite, SiO,. 2Al,0s . . » . 3*5 3*5 

The principal exception is kyanite, which is exceptionally 
heavy; out this is associated with so great a modification in its 
character generally, as to lead one to conjecture that one or 
other of its constituents is allotropically different from ordinary 
alumina and quartz. 

These minerals occur in rocks havinc the same composition 
as themsdves. Their lithological distribution is as follows : — 

Bamlite occurs in gneiss ; nacrite in mica schist and granite : 
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andalusite is most frequent in micaceous schist and gneiss, but 
also occurs in mica scnist, granite, and saccharoidal limestone: 
chiastolite is most frequent m clay-slate, less frequent in micar 
ceous schist ; but is also found in fossiliferous mica schist, dark 
metamorphic limestones, and OTeyish dolomite : kyanite is found 
chiefly in gneiss and mica schist ; also in leptynite (a gneissic 
rock), pegmatite (a granitic rock), eklogite, granulite, saccharoidal 
limestone, dolomite, and magnesian clays; sillimanite in gneiss; 
fibrolite in granite. The conclusion indicated is that these 
minerals occur in the more highly crystalline rocks, which 
originally consisted wholly or partially of silicate of alumina. 
^Bristow, Gloss, of Miner,; "Wattts, Diet of Chem,; De la Fosse, 
Nouveau Cours de MinercUogie; Bischof, Phys. and Chem. Geology; 
and Cotta, Rocks Classi£ed and Described, translated by Lawrence.) 
ANIMAL DEXTRINE. [Starch, E. C. S.] 
ANIMAL KINGDOM [E. C. voL L cols. 196—205]. The 
same difficulty exists now as prevailed many years ago, of ex- 
pressing the essential difference between an animal and a plant 
in a short definition. When we confine our attention to the 
least specialized forms of each kingdom, the two kingdoms almost 
seem to meige one into the other. Thus amongst the Protozoans, 
or least specialized of animals, there are forms, such as Amoeba^ 
which are undistinguishable by the eye from certain amoebiform 
spores yielded by some species of aquatic plants. So simple are 
these denizens on the confines of the two kingdoms in their 
oiganization, that it seems almost impossible to fix upon any 
positive character whereby to discriminate between them. Aris- 
totle's definition that an animal has a mouth while a plant has 
not, is so far true that no instance is on record in which an 
organism admitted to be a plant has shown any signs of possess- 
ing an aperture, temporary or permanent, througn which nutri- 
ment in a solid form is introduced. But there are whole classes 
of animals which possess no mouth. The great majority of these 
are parasitic upon or within animals, and derive their nourish- 
ment from the animal fluids imbibed by them. So far they agree 
with many of the parasitic plants. But these groups may, we 
believe, be readily distinguisued, inasmuch as the animals inva- 
riably have a ventral and dorsal surface, a feature not to be seen 
in the plants. But, as has already been pointed out in E. C, the 
real difference between the two kmgdoms is obtained by the con- 
sideration of the opposite relations which plants and animals 
bear to one another, and the relative shares which they perform 
in the general scheme of nature. This has been partially done in 
cols. 199, 200 ; but we propose to develope the ideas there 
expressed a little more fully. Plants are essentially force-accu- 
mulators, while animals are force-dissipators ; and it is from the 
plants that the animal derives his physical powers^ A plants 
like an animal, possesses powers of locomotion ; and gives proofe 
of the development of force in the lifting up of the materials 
which are necessary for the building up of its structures from the 
ground to its highest branch, as weu as in numerous other ways ; 
but such displays are due to purely physical causes, such as 
capillary attraction, osmosis, and the hke. In the animcd, on 
the other hand, the force is far more highly concentrated, and is 
mainly due to the power developed by the formation of a 
chemical compound, viz., carbonic acid. Under Carbon, E. C. S., 
we have pointed out the enormous force with which the carbon 
and oxygen are held together, and have also indicated that the 
only way in which the separation of these two elements is 
effected on a large scale in nature, is by the combined action of 
the atmosphere, plants, and sunshine. The atmosphere yields 
the carbonic acid ; and the plant, in union with the sunshine, 
brings about the separation of the elements in a way which we do 
not understand, and so quietly that we can hardly realise the 
amoimt of work that is being done. Most of the oxygen is 
liberated, while the rest of it remains behind in union with 
carbon and hydrogen. The source of the hydrogen is water. 
These three elements, viz., hydrogen, oxygen, and carbon, form 
the lar^e proportion of aU the tissues of plants and animals. 
There is also a fourth element, namely, nitrogen, which enters 
into many plants and animals, but which is more general in 
animal than in plant tissues. The plant derives it from some 
nitrogenous compound, probably ammonia. Starting with the 
simple substances, water, carbonic acid, and ammonia, which 
constitute the food of plants^ we might trace how step by step 
the carbon, oxygen, nitrogen, and hydrogen are built up into 
molecules, remarkable for the variety of their constitution and 
complexity, but almost all agreeing in containing a large proportion 
of carbon. When these compounds are eaten by animids, they un- 
dergo an inverse series of changes, whereby they are again finally 
reduced to water, ammonia, and carbonic acid. Hence we fre- 
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quently find the same chemical compotrnd in both animals and 
plants : in the latter it is formed by synthesis, and represents a 
stage in the building up of more complex molecules ; in the 
former by analysis, and represents a stage in the process of 
the destruction of such molecules. It would take us beyond our 
limits to describe the processes by which these alterations are 
effected ; suffice it to say that tne chemist has succeeded in 
imitating many of them. He has been able not only to effect 
what the animal does in reducing the more complex carbon-con- 
taining molecules to simpler ones, but even to build up many of 
the compounds foimd in plants frpm their elements. He has 
succeeded in forming many of those substances which it was at 
one time supposed could only be formed by the direct agency of 
life, or vitw. force. Passing by these subjects, the main fact 
which concerns us is that plants are carbon accumulators ; and 
animals carbon dissipators. This has a direct relation with the 
fact before mentioned, that plants store up force, and animals 
expend it. Plants derive extraneous power from the sunshine 
which enables them to separate the oxygen from its compounds ; 
and plants, we know, are deoxidizing agents, for they consume 
carbonic acid and emit oxygen. Animus, on the other hand, utilise 
the power derived from the oxidation of their carbon compounds ; 
and we know they are oxidizing agents, for they inspire oxygen, 
and expire carbonic acid. Thus we perceive that plants, animals, 
and what are termed inoiganic substances or minerals, are so 
intimately connected, that they appear to be parts of the same 
great scheme, rather than independent members of creation. 

The chemist is gradually but surely revealing to us the ways 
in' which organic compounds are formed, and is enabling us to 
understand the laws which rebate such formation. He has 
gone far to dissipate the old notion of the mysterious powers of 
vital force, by means of which only could such compounds be 
constructed, and arranged in their proper place in the animal 
system. The combination of elements mto organic compounds 
is no more dependent upon vital force than the formation of 
carbonic acid in our fireplaces, or any other compound which is 
generally considered to belong to inorganic chemistry. And there 
18 no proof that the arrangement of these compoimds into bones, 
muscles, and other tissues ; the grouping of these tissues into 
organs ; apd the marshalling of these organs into plans of 
structure, is the work of any special vital force. No doubt there 
is a power by which all this admirable co-ordination is effected, 
but we cannot trace it to any special force, whether it be elec- 
tricity, magnetism, chemical aflSnity, or any recognised force in 
nature. Moreover, the kind of action attributed to vital force is 
not confined to living organisms, whether animals or plants, but 
is perceptible in everything that comes within man's cogni- 
zance. This power is as perceptible in the building up of a 
crystal as in the creation of a man, and consists in the appli- 
cation of forces to effect a given purpose. Vital force, inaeed, 
appears to us to be another name for the great Ruler of the 
universe, and it is the great object of zoologists to ascertain, as 
fer as may be permitted to them, what are me modes of thought 
and action, and what the purpose of the great Master Mind, as 
displayed in the animal kingdom. To use the words of IHx)- 
fessor Owen, zoology " seeks to guide or help to the power of 
apprehending the unity which imderlies the diversity of animal 
stnictures ; to show in these structures the evidences of a pre- 
determining Will, producing them in reference to a final pur- 
pose ; and to indicate the direction and degrees in which 
organization, in subserving such Will, rises from the general to 
the particular." This is said with reference to the object of his 
work " On the Anatomy of Vertebrates," but we have applied 
the statement to zoology, thus departing somewhat from the 
letter of the quotation, without, however, taking away from its 
spirit. In the preface to the same work, the Proiessor has 
given so concise an account of the objects of zoology, that we 
venture to quote it : — 

" An animal may be dissected in order to a knowledge of its 
structure absolutely without reference to or comparison with 
any other, its species being regarded as standing alone in 
creation. The knowledge so gained, from the limitation of the 
field of inquiry, may be most accurate and minute, most valu- 
able in its application of the repair of injury and decay, and the 
cure of disease. Such, e.g., is Anthropotomy, or the anatomy of 
man, and Hippotomy, or that of the horse. Besides the nume- 
rous and excellent works on these special subjects, I may cite 
the 'Traits Anatomique de la Chenille de Saule,' 4to, 1762, by 
Lyonnet ; the * Anatome Testudinis Europe®,' fol., 1819, by 
Bojanus ; the * Anatomie Descriptive du Melolontha Vulgcms,' 
4to, 1828 ; and the * Anatomie Descriptive du Chat,' 4to, 2 vols., 



by Straus-Durckheim ; also in application of the science to art, 
* The Camel ; its Anatomy, Proportions, &c.' 1865, by Elijah 
Walton ; as unsurpassed examples of this monographical kind of 
anatomical science. As applied to man it is commonly called 
'human anatomy,' and is, in strictness of speech, one of the 
manifold ways oi human work. iBut the anatomist may apply 
himself to a particular organ instead of a particular species, 
either exhaustively in one animal, or by tracmg such organ or 
system throughout the animal kingdom. The 'neurotomies' 
and 'neurographies' to which Josepn Swan, e.g, has devoted a 
life, the * Osteographie ' of De Blainville, and my own ' Odonto- 
graphy,' are examples of this way of anatomy. John Hunter 
assembled the evidences of his labours in the onique and grand 
department of his museum illustrative of anatomy, properly 
so called, in series according to the organ, beginning with the 
simplest form, followed in succession by the progressively more 
complex conditions of the same organ, the series culminating, 
in most cases, with that which exists in the human frame. The 
mechanism of the organ was here unfolded, and its gradations 
were compared, to discover its mode of working ; and as physi- 
ology mainly consists in such determinations of functions or 
final aim, this kind of investigation of organic structure might 
be termed Physiolo^cal Anatomy. Homological anatomy seeks 
in the characters of an organ and part those, chiefly of relative 
position and connections, that guide to a conclusion manifested 
Dv applying the sam^ name to such part or organ, so far as the 
determination of the namesakeism or homology has been earned 
out in the animal kingdom. This aim of anatomy concerns 
itself little, if at all, with function, and has led to generalizations 
of high import, beyond the reach of one who rests on final 
causes. It nas been termed grandiloquently. Transcendental 
and Philosophical ; but every kind of anatomy ought to be so 
pursued as to deserve the latter epithet A fourth way of 
anatomy is that which takes a particular species in the course of 
individual development, from the impregnated ovum, tracing 
each organ step by step in its evolution up to the adult con- 
dition. It ia called Embryology and Developmental Anatomy. 
A fifth way of anatomy is that which investigates the structure 
of an animal in its totality, with the view of learning how the 
form or state of one part or organ is necessitated by its func- 
tional connections with another, and how the co-ordination of 
organs is adapted to the habits and sphere of life of the species ; 
but does not stop here, having for its main end the comparison 
of these associated modifications and interdepeijdencies of organ 
in all the species of animals. As their degrees of affinity and 
the characters and circumscription of natural groups are hereby 
illustrated, this way may be termed Zoological Anatomy. In 
the hands of the anatomist the microscope has been mainly 
applied to the constituent parts of an organ, called tissues ; and 
the results of such researcn, combined with those of chemical 
tests, constitute a sixth sort of anatomy, called Histology. It 
has been termed Microscopical Anatomy ; but this is essentiaUy 
only a more refined method of the scrutiny of organic parts. In 
so far, however, as Histology treats of stnicture according to the 
proximate tissues common to different organs, it corresponds 
with the branch of the science which Bichat, its founder, <»dled, 
loosely, * Anatomie Qdn^rale.' Finally, a seventh way in which 
the highest generalization in biologicxil science may be aimed at, 
is that which is taken when we pursue investigations of form 
and structure beyond the animals that are, to those thaXhcwe 
been. Here, however, the anatomist is limited, as a rule, to such 
tissues and organs as are petrifiable, e.g., corals, shells, crosts, 
scales, scutes, bones, and teeth ; but ne has been stimulated to a 
degree of minuteness and accuracy of observation in this field of 
research to which few of the other ways and aims would have 
led him. In applying the results oi such researches to the 
restoration of extmct species, physiology has benefited by the 
study of the relations of structure to function requisite to 
obtam an infdght into the food, habits, and sphere of me of such 
species ; and zoology has gained an immense accession of sub- 
jects through such determinations, with improved systems of 
classification due to the expanded survey of oiganic nature opened 
out by Palaeontology." 

Articles illustrative of each of these modes of investigation will 
be found in this Supplement. General remarks on classification^ 
which form a part oi the E. C. article, will be more conveniently 
considered under Zoology, in the Supplement There are two 
other subjects of great interest, viz.. Paleontology, and the 
Qeoqraphical Distribution of Animals, which seem to require 
special headings, and therefore nothing will be said about them 
here. 
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ANKERITE is a variety of dolomite, in which iron and man- 
ganese have partially replaced the magnesium. Its hardness is 
about 3*5 or 4, and the specific gravity from 2'95 to 3*1. It has 
been found near Tomess, in the Orkneys ; and in some localities 
near Whitehaven. 

ANNELIDA [E. C. vol i. cols. 206—213]. There are few 
classes in the Ammal Kingdom about which more information 
has been acquired during tne past ten or fifteen years than the 
Annelids. At one time the study of them was comparatively 
neglected ; but of late years large collections of species have 
been made in various pai-ts of the world, and the result of their 
examination has been the addition of hundreds of generic forms, 
about which nothing whatever was previously known. So 
rapidly are important facts being published by Claparede, Ehlers, 
Kmberg, Malmgren, Schmarda, Quatred^es, and others, that more 
than usual caution is required in making general statements ; and 
this remark, perhaps, applies more especiAlly to their geo^phical 
distribution. To give some idea of the great alterations that 
have been made in the niunber of anneli& known, it may be 
noticed that the class Annelida, as defined by Quatrefages, was 
grouped by Savi^y into 7 families ; Johnston raised the number 
to 17 ; Qriibe, in 1851, recognised 19 ; Schmarda, 21 ; and 
Quatrefages, in 1865, 26. We find also that the genera present 
the same gradual increase. In 1820, Savigny recognised 26 ; 
Lamarck, 49, in 1838 ; Griibe, 86, in 1851 ; Schmarda, 97, in 
1861 ; Quatrefieiges, 245, in 1865 ; while since then at least 30 or 
40 have been added bjr Malmgren, Kinberg, and others. The 
species also have been mcreasing at the same rapid rate. Thus 
Kinberg alone trebled the number of species which were known 
before he began his recent investigations. As a compiler, we 
ought to examine and digest all this new material, but as the 
task is too time-absorbing, we cannot attempt it. This is fortu- 
nately not of very great importance, since an excellent rSsum^ of 
the state of our knowledge in 1865 respecting Annelids was 
recently published by Quatrefages in a work forming part of the 
* Suite k Buffon', and having for its title, * Histoire Naturelle des 
Anneles manns et d'eau douce. Anneles et Gephyreens.' This 
work will in the main form the basis of this article. When we 
treat of the classification of the class, its limits will be indicated ; 
at present, it will be sufficient to say that the class Annelida of 
Quatrefages is nearlv coincident with the orders DcrribranchiatQR 
and TvbvcMa of Mime-Edwards. The other two orders assigned 
to the class in the E. C. article, viz., TerricokB and Suctorics 
are not considered to belong to the Annelidan class. 

Annelids are creatures in which the two sides of the body are 
similar, both externally and internally. This feature is com- 
bined with an annulated or ring-like structure, in which the 
amount of repetitive similarity varies from group to group. 
Taking the class as a whole, we may recognize three principal 
r^ons, viz., the cephalic, the thoracic, and the oMoTmnal. 

All annelids have a cephalic region. It consists of two parts, 
which have been termed the head or cerebral ring, ana the 
buccal ring. The cerebral ring is present in all annelids, 
although in some, as the TerebellidcB, it is represented by a very 
small protuberance. The buccal ring is considered by some 
observers to be the first thoracic ring, but since the mouth is 
always situated on this ring, we may safely consider it to be a 
part of the cephalic region. The mouth is always placed in the 
head in all animals which have that part distinctly marked off. 
Moreover, the internal structure of the parts confirm the inter- 
pretation suggested by QuatrefEi^es. Amongst the Errantes, the 
cephalic appendages vary considerably in number, form, and 
position. They have been named in an arbitrary manner, 
and without special attention to their morpholo^cal position. 
Hence it has nappened that considerable confusion lias been 
introduced into their nomenclature ; the homologous parts re- 
ceiving different names in different species, while on tne other 
hand analogous parts have received the same name. The system 
of Tutming should be uniform, and should be regulated by 
the position of the appendages. By antenna is meant all the 
appendages of the head proper ; they are supplied with nerves 
originating in the brain. The tentacUa are always situated on 
the buccal ring, and are supplied with nerves from the connec- 
tive. The tentacular drrhi, are those appendages of the first feet 
which have the character of tentacles or antennso, and which 
are supplied with nerves from ganglions in the ventral chain. 
The antennse vtury in number from 1 to 5, but generally 
they are 2 or 4. Their form varies from short conical to long 
filiform processes. The tentacular cirrhi are generaUy more 
slender and of greater length, but in many cases they are not to 
be distinguished from the antenna or tentacles, as regards 



ibruL They are all organs of sense, prol>ably of touch ; and are 
never retractile or exsertile. Amongst the Sedentaria, the cephalic 
appendages are very much modified, but Quatr^ffiges uiinks 
tne prehensile cirrm of the TertbeUcc represent the antennsD of 
the Errantes; the respiratory organs of tne SabellidcB and Serpu- 
lidcB are modified cephalic appendages ; and the opercular appara- 
tus of the HermeUidcR correspond to the tentacles. In most species 
of the Sedentary worms, the buccal ling has no appendages. 

The thoracic r^on is found in almost all the Sedentaria, 
whereas it occurs in few, if any, of the Errantes, It generally 
consists of a small number of rings, each of which has a pair 
of feet, and generally some of the anterior rings have respiratory 
organs in addition. 

The abdominal region is universally present, and comprises a 
large number of rings similar or only slightly dissimilar amongst 
themselves. The last ring is, however, always different from those 
that precede it. It never has feet like the other rings, but long 
cirrhi which have some analogy in form to those on the head 
In the Sedentaria the posterior part of the body is so modified, 
that it has been proposed to consider it as a distinct region 
under the name of the caudal regian or tail; it has no append- 
ages, very faint indications of annulation, and a general simpli- 
fication of organization as compared with other parts of the 
body. The respiratory oi^gans are placed on various regions : 
sometimes on tne head, as in the Serpulce; sometimes on the 
thoracic region, as in the TerebeUce ; sometimes on the abdo- 
minal r^on, as in the Arenicoke; and sometimes on both the 
thoracic and abdominal regions, as in the HermelUB. There are a 
lew exceptional groups, such as Polydora and Chcetopterus, in 
which the distinction of regions is not well defined. 

In its simplest form, the foot is a hollow process bearing a 
number of setee, which setas are connected with a series of 
muscles. Such a foot is said to be uniramous. Sometimes the 
foot is formed by two hollow processes, in which case it is biramous; 
the upper process is the dorsaZ ramus, and the lower, the ventral 
ramus. The feet of some of the annelids, however, have a 
more or less complicated array of accessory parts, some of which 
are subservient to purposes of touch, while others are organized 
for respiration ; and m a few instances the same part performs 
the functions both of touch and respiration. The organs of touch 
are cirrhi, generally longer than tne setigerous part of Uie foot, 
and are mostly implanted at the base of a ramus. The respi- 
ratory organs vary from richly vasculated processes as in the 
Nereids to the aroorescent tuits of Arendcola, The elytra of 
Aphrodita and its allies are respiratory or^ns ; they are flat 
scales, within which is a space communicatmg with the general 
cavity of the body. 

The body is also furnished with epidermic and dermic growths. 
They are of different kinds, and perform different functions, and 
hence it is desirable to distin&;uisn them. Quatrefages separates 
them into two groups ; but this is a matter of convenience, since 
the groups are connected by intermediate varieties which can be 
assi^ed to neither. 

The first comprises the parts which have their origin in the 
epidermis only. They are generally exceedingly small, very 
slender, but somewhat rigid, in which respect they differ from 
vibratile cilia. These are called hairs. In ScibcUa they attain a 
considerable length, and it is probable that the hairs which cover 
the whole surface of Aphrodita belong to this group. There are 
a series of intermediate excretory products which differ from the 
hair, properly so called, inasmuch as they are hollow, and the 
derm pamally enters into their structure. The second group 
comprises the setas, which are developed from special glands in 
the derm. They are usually tough and shiny, and present 
almost every imaginable variety of form. Some are adapted for 
pricking, some are hooked for the purpose of clasping, others 
have a sharp cutting edge, or a serrated edge. Modifications 
occur by which they acquire a more lax form, and then their 
spatulate or pennated shape subserves the purposes of natation. 
Each of these has a name appropriated to it. 

The skin of all annelids consists of two layers : the epidermis 
and the dermis. The epidermis is in most cases formed of two 
sets of fibres crossing each other ; and it is this arrangement, 
combined with the close contiguity of the fibres, which produces 
the iridescent colouring observable in many annelids. The 
dermis is of a eranular texture, and is the s^ of the pigment 
which imparts tne colour to the superficial parts of the body. 

In most annelids there are two muscular layers ; the upper 
has the muscular fibres arranged across the body, while in the 
lower they stretoh longitudinally from one interannular septum 
to another. This second layer is generally very thick in the 
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anterior portion of the body, and comparatively thin in the 
posterior portion. The fibres are arranged side by side, and are 
neither separated by nor imbedded in a cellular tissue as is the 
case amongst vertebrates. Hence it happens that the ova are 
frequently found entangled amongst the muscular fibres in 
annelids. The rings or segments are separated by valves or 
septa, havijQg a fibro-muscular structure, but the degree of mus- 
cularity difi^rs considerably according to the species. Each 
septum is pierced with an aperture through which the digestive 
tube passes. In certain species, the digestive canal is soldered 
to the edges of the apertures of the fore-part of the body, so that 
the anterior segments are closed chambers ; but in the majority 
of cases there is a greater or less space between the digestive tube 
and the walls of the orifice which allows of the passage of the 
fluids of the general cavity of the body from one segment to 
another. In some cases the septa are reduced to a few mus- 
cular bands, which keep the aigestive tube in position. In 
addition to these there are in some annelids a septum which 
divides the chambers lengthwise into stories. 

The general cavity of the body forms by far the greater pro- 
portion of the bulk of most annelids. It is, as has already been 
mtimated, in direct communication with the spaces between the 
muscles. It is also continuous with the hollow parts of the 
feet and buccal appendages ; with the interior of the elytra of the 
Aphrodite family, and of the branchial apparatus of Serpula and 
SabeUa, It is lined throughout with a homogeneous, slightly 
cellular tissue, which appears to be essentially a peritoneum. It 
is filled with a fluid which is rarely coloured, and which con- 
tains transparent globules, whose abundance seems to have some 
relation to the vigour and energy of the individual. The form 
of the globules is irregular, or oval, or spherical. In ApTieumea 
and Ancisiria, they have a reddish tinge. The fluid is kept in 
constant motion by the contraction and dilation of various parts 
of the body, and by vibratile cilia on the inside of the foot cavi- 
ties. A very few annelids have a well-developed vascular 
system ; this fluid probably contains the liquids which represent 
tne serum, lymph, chyle, and blood of the vertebrates all mingled 
together. If so, it may be regarded as the nourishing fluid of 
the system in annelids. 

The digestive system consists of an alimentary canal with 
appendages. This canal extends the whole length of the indi- 
viaual, &om the buccal to the ultimate or penultimate ring. 
It is seldom longer than the body, in which case it is straight ; 
but in a few genera, more especially ChUyrcBma, it is longer, 
and is consequently more or less folded and convoluted. In 
the most highly specialized digestive system, there may be 
reco^ised a mouth {Jtxmcke), with its Duccal cavity, a pro- 
boscis, an cesophagus. and an intestine. 

The term houche, here translated mouth, refers to the opening 
in the skin, which may or may not be provided with lips. It 
leads into the buccal cavity, the walls oi which are composed of 
three layers ; viz., a mucous membrane or innermost tissue, next a 
muscular layer, and outside this a continuation of the peritoneal 
layer. The proboscis comprises all that is situated between the 
buccal cavity and the intestines, and a specialized portion of this is 
further distmguished as the oesophagus. The proDoscis presents a 
great variety of form and structure. In the Nereids, which pos- 
sess it in its most typical form, three regions are recofimisable, viz., 
thep^/7na;in front, aeitf^ito/r^jrum in the nuddle,and me oesophagiLs 
behind. The pharynx occupies the first three or four rings of the 
tiioracic region, and its wall is formed of a mucous, a fibrous, a mus- 
cular, and a peritoneal layer. Sometimes it has a number of small 
homy, brown denticules which are simply implanted in Uie fibrous 
layer, and are improvided with special muscles for moving them. 
The dentary region is at once recognised by its swollen and highly 
muscular appearance. The muscles form two antagonistic masses, 
one of whicn pulls apart the anterior e^es of the teeth, and 
the latter brings them together. The teeth are imbedded in the 
muscles. They are of a homy nature, and of a brown colour. 
They are hollow, and in this hollow a powerful muscle is in- 
serted. The dental organs are of two kinds : one is large and 
moved by muscles, and these are the teeth proper ; the other 
is small and is moved by the general motion ol the proboscis, 
not by special muscles, and these are derUiaUes or teethtets. The 
teeth and teetUets are further distinguished by names, according 
as they are spiny, serrated, &c. The oKophagiu is separated from 
the preceding region by a strong muscle, which attaches the 
digestive canal to the sides of the body. The muscles of the 
oesopha^s are very powerful, and arranged longitudinally ; they 
dimimsn in thickness from before backwards. In the anterior 
portion, eokd frequently buried amongst the muscles, are two 



glands which will be mentioned again presently. The oesophagus 
has its form constantly changed by the action of the muscles ; 
but in the ordinary state it is straight, cylindrical, and longi- 
tudinally folded. In passing from group to group, the proboscis 
undergoes considerable alteration, which generally consists of 
the gradual disappearance of one part after another, rather than 
of the simple modification of those parts. The degree to which 
the proboscis can be exserted varies. In some it is not exposed 
at all beyond the mouth, while in the genera NepMkvs, PKyUo- 
doce, and Glycera, it is projected far beyond it. This extro- 
version is mainly effected by the muscles of the body pro- 
pelling forward the fluid of the general cavity. In this way 
the proboscis is turned inside out. The retraction is effected by 
the muscles of the proboscis itself. The intestine is usually 
wider than the proboscis, and has a far less powerful muscular 
apparatus. Its wall is similar to that of the proboscis, but the 
layers are thinner. It possesses, however, one additional part in 
the form of a hepatic layer. Its form is more or less beaded, 
owing to its dilation in the interannular spaces. In the 
CMorcema family, the intestine is remarkable for its length and 
accessory cssca. The same part also has a remarkable structure 
in the Aphrodite family. The intestine gives origin to a series 
of cssca which are arranged under the b&l of the back. They 
are separated at will from the main intestine by sphincter muscles. 
The anal aperture is placed on the ultimate or penultimate 
ring, and is mostly situated on the dorsal surface, though in a 
few genera, such as TerebeHa, it is terminal. 

The appendages of the intestine are of two kinds, viz. : the 
salivary ^nds and the liver. The former probably exist in 
all annelids, but their position and number vary. Thus amongst 
the SyllidcRy they are situated at the posterior extremity of the 
oesophagus. In Glycerea they occur at the jimction of the pha- 
ryngeal and oesophageal regions of the proboscis ; and in the 
Aphrodite family, at the junction of the oesophageal and dental 
regions. The Nereids have one pair ; Glycerea two pairs, and 
TereheUa three. There are ako variations as regards stracture. 
Amongst the Nereids they are more or less elongated, swollen 
cseca, naving a brownish or greenish colour, enveloped in a 
muscular tissue, and having internally a very elegant plexus or 
network, in which is a transparent liquid. Amongst the 
Syllidea they arc more or less transparent small pits. Among 
the Glycerece, each gland is contained in an oblong sac communi- 
cating with the oesophagus, and containing a white corpuscle. 
Amongst the Aphroaitea the glands consist of a number of 
greenish-yellow caeca within a large pouch, the inner surface 
of which seems to have a secreting function. When the glands 
are conspicuous their orifices are readily detected ; but some- 
times they form a layer only in the thickness of the waUs of 
the proboscis, in which case the orifices are not distinguishable. 
The liver is not a distinct organ among annelids ; but is repre- 
sented by a brownish layer in the wall of the intestine. Some- 
times the layer is confined to particular spots ; and sometimes it 
is continuous over a large proportion of the intestine. 

Digestion is apparently enected in the same general way in 
annends as in other animals. The food is collected in a ball in 
the mouth, and passed on from segment to segment, with a 
delay of a certain duration in each segment. During its course 
it is kept in constant agitation by vioratile cilia, and thereby 
broken up into minute granules, as small as the x^th of a 
millimetre in diameter. At the penultimate segment tne pause 
is longer than in the others : it is not agitated by cilia when 
there, but remains still until discharged from the body. 

The circulatory system of annelids presents so much variation 
in its arrangement, that it is diflicmt to say what the general 
plan is. The nearest approach to what is considered as the 
typical arrangement is anbrded by Hermella. In this genus 
there is an upper and a lower vessel on each side of each segment. 
Between the two is placed a branchia. The blood on leaving the 
branchia passes into the lower vessel, and through it to all the 
tissues which require nourishment from it, such as those on the 
abdominal walls, the feet, and the subcutaneous muscle. It 
then returns, accumulates in the upper vessels, and then proceeds 
to the branchia to be again oxygenated. There are in this case, 
four main trunks, of which two are above and two below. The 
former two are filled with venous blood, and represent func- 
tionally the vena cava ; the latter two are charged with arterial 
blood, and may be regarded as the representative of the 
aorta. The two lower trunks are connected here and there 
by transverse branches. This arrangement, however, is re- 
stricted to certain segments, since the two upper and the two 
lower vessels are fused together in the pectoral and caudal regions. 
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In MarphysOf the two upper, and in Leucodorty the two lower 
trunks are amalgamated together in one portion of the body. 
In some genera the upper or the lower trunks are completely 
fused. Thus in Nephthys there are two lower and only one upper 
trunk. In the great majority of annelids both the upper and lower 
trunks are amaJgamated, so that they possess but one trunk above 
and one below, each situated in the median line. The subsidiary 
vessels present their simplest phase in Leueodcre, in which there 
are two vessels, while no ramifications connect the abdominal 
and dorsal trunk in each segment A similar arrangement occurs 
in Phoronis. In most annelids, however, the connection is more 
complicated ; and examples occur in which the subsidiary arte- 
ries and veins are highly ramified and are connected by an 
intermediate system of capillaries. In many of the larger 
species there is in addition a complicated network of blood- 
vessels covering the digestive canal. The nerves are always 
accompanied by blood-vessels, which are more complicated in 
proportion to the size and importance of the nerve. Thus, the 
Oram is frequently accompanied by a highly complicated network. 
There are, however, annelids in which the blood vascular system 
is less developed than in HernuUa, or in which this system is de- 
graded, to use Quatrefages' expression. Thus in ApneuTiiea there 
are no blood-vessels at all ; and the same is the case with Glycera, 
and probably other genera. Whatever may be the arrangement 
of the vascular system, some means is required to propel the 
blood. This is sometimes effected by the contraction and dila- 
tation of the vessels themselves, but sometimes by the alternate 
movements of one or more enlarged portions of the trunk, which 
are termed hearts, Terebella, Sermellaj and Chlorccma are ex- 
amples. In Arenicola and PolyaphthalmuSy the so-called heart 
is a more specialized organ. It is seated in the course of the 
main trunk. There is a chamber for receiving the blood coming 
from the intestines, which Quatrefages calls the auricle ; from 
tliis it passes to two distinct cavities called ventricles, whose 
contractions propel the blood through the whole lK>d^. 

The blood, or the fluid which flows throi^h special canals, is 
colourless in most of the small species, and is almost colourless 
in many of the larger ones. In some the colour is green, as 
amongst the SaheUmos, of which, however, one species, Sabella 
saxicavaf has red blood. Cuvier attached gredt importance to the 
red colour of the blood, but it is by no means general amongst 
the annelids. Moreover, the blood when red is essentially dif- 
ferent in its nature from the red blood of vertebrates, and the 
reason why Cuvier set so high a classificatory value on this charac- 
ter probably arose from his considering the red blood of annelids 
to be very similar to that of the vertebrates. The colour of 
the blood in annelids is due to the solution of some colouring 
matter, and not to the presence of coloured globules. In one or 
two cases it is due to tne presence of such globules. The blood 
of annelids coagulates very readily. Its motion when in the body 
is from behind forwards in the upper vessels, and in the opposite 
direction in those at the lower leveL In each segment there is 
normally a definite course, so that one portion of the blood is 
venous and the other arterial in the brancniferous species. 




body. The branchia consists essentially 
municating with the afferent and efferent vessels, and is fre- 
quently lined by special walls. It is enveloped in a transparent 
granular layer, in which is a series of ampulliform cavities. 
Outside this is the epidermis supporting cilise and hairs. The 
shape varies from a simple lobe or tongue in HermeUa to a mul- 
titia one in many species of Eunice; long cirrhi in Cirrhatula; 
and ramified bushes in Arenicola, In some species they are 
pinnated or bipinnated, fasciculated or flabelmorm. In the 
SabelUe they are supported by a cartilaginous framework. The 
structure or degree of development of the respiratory apparatus 
is a character of little importance in annelids. The same generic 
group may have species with atrophied or with highly developed 
organs. In the non-branchiatea species the skin appears to 
be the principal seat of respiration, and it is very probable that 
in those species which have branchiae the skin is an important 
auxiliary. Respiration is also carried on to a greater or less 
extent by the nuid of the general cavity of the body, and in 
those species which have no olood-vessels, this fluid is seen to 
have true blood globules. The aeration of this fluid is frec[uently 
facilitated by its passage up and down long filiform cirrhL 

The skin is an active secreting a^ent in annelids ; and the 
nature of the secretion varies. It is by it that are formed the 
calcareous tubes of SertnUa and Protula; the parchment-like 
tube of ChcBtoptemSy and the soft membrane which enters into 



the tubes of Terebella, &c. Many of the Errantes are able to form a 
sort of web or a layer like collodion in the course of a few minutes. 
Quatrefages mentions a case in whicha jLu77i6n?wrret» in a plate of 
water secreted a layer of hyaline appearance while it was being 
sketched by the artist The layer possessed considerable density 
and haixiness, and exceeded the annelid itself in bulk. The peri- 
toneal membrane is also an active secreting organ, but the pro- 
ducts are generally soluble in the fluid of the general cavity. 

The nervous system comprises two distinct parts, each of 
which Quatrefages terms a svstem. They are the genial and the 
sUymatogastric, The general system consists of the brain and 
the ganglionic chain. The first is placed above the digestive 
canal and in the head. The second is below it in all the rest of 
the body. The two are connected by a pair of nerves which 
surround the oesophagus, and which are hence termed the oeso- 
phageal connectives, but would more appropriately be termed 
buccal, since they are always in the buccal segment The 
typical arrangement occurs in SaheUa, in which there are two 
distinct main nerves running the length of the body. In each 
segment each nerve has a ganglion from which originate the 
nerves supplying the peripheral ]X)rtion of the body.' The brain 
also consists of two lateral halves ; but these, as also the ganglion 
in each segment, are connected by commissural bands. This 
distinctness of the two lateral systems is not general ; indeed 
they are usually more or less fused together. In Hermella the 
two cerebral halves are amalgamated. There is, however, always 
a trace of the typical division, even in those species which have 
the most concentrated nervous system, in a deep groove which 
traverses the central line of the ganglionic chain. In the majo- 
rity of species the ganglionic chain is more or less divided. 
Amongst the most highly organized annelids such as the Aphro- 
dita, Eunice and Nereis families, the ganglions form flat ovoidal 
masses, and the connectives are united together, although they 
still retain, especially in the hinder segments, traces of the pri- 
mordial division. The nerves consist of a thick fibrous mem- 
brane, and of a pulpy matter of the consistency of jelly. The 
latter consists, in some species, of an inner white substance sur- 
rounded by a brown layer. 

The sense of touch appears to be well developed in annelids, 
and seems to reside more especially in the feet, and in the inter- 
annular spaces. It is probably to touch that the branchiae of 
Serpula and Sahella owe their remarkable sensitiveness. The 
cautious movements of these creatures seem to imply the pos- 
session of a tactile sense ; and the anteimse and cirrhi appear to 
be organs especially adapted for feeling. What but touch can 
enable the Terebella to collect the materials for its tube by means 
of cirrhi, which are seen to stretch for a considerable distance 
and to select the fragments of sand, shell, &c. The Pectvntiria 
again always forms its tubes in the same way with grains of sand. 
This implies a methodical choice of material and a keen tactile 
perception. From practical evidence alone it would be doubtful 
if annelids are able to appreciate sound, since no noise, which is 
unaccompanied by a vioration, seems to have any influence on 
them. Some species, however, do possess what is considered to 
be an auditory organ. It resembles the same part in mollusks, 
and consists of a capsule filled with a fluid, m which fluid is 
suspended one or more granules or otoliths. These otoliths are 
in a state of constant tremor, although there are no visible signs 
of vibratile cilia. Moreover, a special nerve is given off to each 
oigan, the end of which nerve is expanded so as to envelope it 
with a finely granular tissue. Many species have distinct organs 
of vision, but they are best developed in Torrea vitrea. The thin 
diaphanous portion represents the transparent cornea. Beneath it 
is a fibrous layer formmg a true sclerotic layer, continuous with the 
optic nerve. This sclerotic has a large aperture partially closed 
by a reddish brown choroid. In its centre is a pupillary open- 
ing which surrounds a bright blue circle. Through the pupil 
may be seen the interior of the eye lined with a choroid, having 
a trellis-like structure. This globe is filled with a perfectly 
transparent vitreous body in which is suspended a spherical 
crystalline lens. This eye is clearly adapted to receive impres- 
sions of images. But in many annelids the crystalline lens is 
absent, in which case there is probably only a perception of 
light and darkness. This remarK applies to tne JiermeUce, Tere- 
bellasy Sahella, and some other genera. In most species the eyes 
are situated within the head ; but in some they are placed in 
other positions. Thus in PolyopkthcUmus there are in addition 
to three eyes in the head, two on each segment of the body. In 
AmpJiocorine cirrata there are two in the head, and two on the 
last segment In Amphicorine argus there are two rows of eyes 
in the head, numbering altogether 24 or 28 ; there are also 10 
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2X)ws on the last ring, and two pairs on each segment. In 
Sabella, properly so called, there are a certain number of eyes 
with crystalline lenses at the bases of the branchial tentacles. 

All the annelids, with the exception of PhoronUy possess feet. 
They are the special locomotive oigans; but the subcutaneous 
muscles act as important auxiliaries. The unciniy or hooked setss, 
are used mainly for movements in burrows and tubes. From 
the soft nature of the annelids there is an entire absence of any 
hard parts capable of acting as fulcra for the application of mus- 
cular force ; but this want is compensated for by the general 
cavity filled with fluid. This cavity is surrounded on all sides 
by muscles, and can be enlarged or diminished at the will of the 
animal. In the first state the body is soft, and the bodv walls 
yield with the slightest exertion of muscular effort. In the 
second state the fluid-filled cavity being subjected to great pres- 
sure becomes rigid and then the integuments become as service- 
able bases of support for the muscles as the homy envelopes of 
insects. It is by the efiElux and reflux of this liquid that the feet 
are put in motion. The muscles in the feet are only serviceable 
for moving the setee. The presence of this liquid and the con- 
solidation of the foot- walls by pressure are quite as necessary for 
the swimming as for the crawling annelids. For instance, the 
large flaps of Heteronereis would be quite unable to resist the 
water if they retained the natural pliability of the tissues com- 
posing it : but it ^vill subserve this purpose when made rigid by 
thepenetration of the fluid. 

There are also some accessory organs of locomotion. Amongst 
them are the long cirrhi of many Sedentaria These cirrhi are 
generally hollow, and provided with longitudinally fibred mus- 
cular walls ; but in Hermella no muscles are seen, and yet the 
cirrhi in the species of this genus are extended and retracted, 
flexed in various directions, and even coiled round objects. This 
is accoimted for by Quatrefages by the communication of the 
hollow part of the cirrhi with the general body cavity, enabling 
extension to be effected by the propulsion of fluid. In most 
Sedentaria the flexion is effected by the longitudinal muscles. 
The cirrhi are attached to objects, and when retracted the body 
of the anneUd is drawn forwid. 

The surface of the body of some annelids has vibratile cilia on 
certain narts. The bases of the feet, as well as the under surface of 
the heaa, are nearly always more or less furnished with them. In 
some groups a band of them extends down the centre of the ventral 
surface, and are probably not without some influence in locomotion. 
But in two genera they are still more developed, and form a 
rotary apparatus which aids locomotion. In Duia/rdinia each 
ring has an umbilical tubercle, the edge of which is provided 
witD a row of very long cilia, by whose aid the creature glides 
slowly through the water. In Polyophihahnus the apparatus 
effects locomotion at the same time that it brings food to the 
mouth. It consists of two pads covered with ciha on the sides 
of the buccal ring, and can be expanded or folded up, as in the 
Botifer. It is expanded by the action of the fluid of the general 
cavity, but is drawn in by special muscles. 

The reproductive organs are alike in both sexes, and can 
only be distinguished by the difference of their products. The 
ovum first appears in Hermella as a sphere ^ mm. in diameter, 
which fi^radually increases to ^ mm. At this period a small 
corpuscle is seen in its interior. The sphere is the germinal 
vesicle, and the corpuscle is the germinal spot. The egg is 
then detached and discharged into me fluid of the general cavity, 
where it flqats about. When the germinal vesicle has acquired 
a diameter of ^ mm. it is envelop^ in a thin membrane. Be- 
tween this membrane and the germinal vesicle accumulates a 
homogeneous liquid, in which OTanules form and multiply, and 
these granules represent the rudiments of a yolk. All the parts 
grow, and the yolk acquires colour. When the egg has attained 
its full dimensions it has a pale violet tint by reflected, and 
a greenish yellow by refracted, light. At this time its dia- 
meter is ^ mm. It 18 probable that the phenomena are very 
similar in all the other genera. When the egg has been fecun- 
dated certain motions ensue, which result in the expulsion of a 
transparent globule whose nature is unknown. In Hermella the 
process occupies about an hour. Immediately after, the segmen- 
tation of the yolk commences. The s^:inentation is neither 
regular nor constantly progressive, but division, nevertheless, 
Btul continues. In six or seven hours the egg acquires a mul- 
berry aspect. At this period the yolk consists of two parts. 
The external, losing its yolk-Hke aspect completely envelopes an 
internal nucleus, in which this character is retained. The first 
rapidly assumes the characters of yoimg tissues. The second 
forma lai^e cellules, in the midst of which is a space which is 



continued to the surface of the yolk, where is an irregular 
triangular or quadrangular area, which ultimately becomes the 
site of the mouth. During this second period, which lasts about 
eight hours, the covering membrane unaergoes no change, except 
irregular plication. Immediately after the mouth has appeared, 
the eggs commence a series of quick irregular oscillations, cur- 
rents appear, and soon after the cilia are reco^isable. The cilia 
are inserted on the ovarian membrane, which ultimately be- 
comes the skin of the embryo. The embryo is now oval in 
shape, and has a small, smooth, finally globular papilla at 
each end. The remainder of the body is covered with cilia. 
The mouth is scarcely terminal, and its position indicates what 
will be the ventral surface. The digestive tube is marked 
out The large granules become detached from the other tissues, 
and form in lines where the walls of the intestine are to be. At 
this stage the embryo is quite as advanced as the embr3ro oi 
TerebeUa, observed by Milne-Edwards ; but there are no indica- 
tions of the disposition of the cilia in bands in Hermella, as 
noticed by Milne-Edwards in TereheUa, From this time on- 
wards the cilia gradually disappear; tentacles and eyes are 
developed at the K)re end ; and setae increase in size and number 
in the posterior parts. Beyond this stage Quatrefages was unable 
to carry his observations. It is noticeable that the whole of the 
ovum is incorporated in the individual, and the same this^ 
appears to be the case in Protula and Polynoe. In CysUmereu 
and Exogone it would seem that the individual is formed from 
the blastoderm only. In the growth of the individual the new 
rings appear between the ultimate and penultimate segments. 

The annelids are especially interesting on account of their many 
and remarkable modes of reproduction. These may be conve- 
niently arranged in two sections, the one comprising ordinary 
genesis, or by means of eggs, and the other those cases in which the 
young are developed without the direct intervention of e^gs, or 
gefMogenemf as Quatrefages proposes to call it. Fissipanty, or 
the spontaneous division of the body into parts that become 
developed into complete zooids, is one form of geneajgenenB. It 
has been observed in Myrianida^ Autolytus, and Filo^ana, The 
separated zooid consists either of the individualization of a por- 
tion of the parts, or of newly-formed parts, or of a combination 
of the two. In Syllis arnica (better known by the name it long 
retained, S, monoUfera), the second mode occurs ; in Protula 
dyeteri the third mode obtains ; and in Exogone gemmifera the 
mode of reproduction is by true gemmation. In a species of 
Syllis observed by Vaillant there is yet another mode of repro- 
duction. 

In animals possessing such powers as these we should naturally 
look for great reparative faculties, but it is only recently that 
any facts have been brought forward to confirm this supposition. 
Van Beneden has seen a Serjmla reproduce the greater part of 
its body. Similar facts have been recorded of Phoronie, Species 
of Marphyea frequently reproduce their hinder segments, and it 
seems evident that the restoration of lost parts is frequent, since 
many individuals are always to be found with a greater or less 
number of the hinder rings lighter and narrower than those of the 
rest of the body. These light coloured rings are of recent forma- 
tion, and have doubtless replaced others wmch have been lost. It 
is not unlikely that the hinder rings are occasionally snipped off 
by enemies when the annelid is retreating into its gallery. But 
it has been well established that they are thrown off by a spon- 
taneous rupture. The mode of disruption is remarkable. It 
constantly occurs in the interior of a segment, at the level of an 
inter-annular septum. The rupture also occurs in the longi- 
tudinally fibred muscles. Sometimes they only are broken, and 
the transversely fibred muscles above them simply show a 
depression. At the point of mpture the muscular fibres are 
disaggregated, and look like the ends of a cord broken by strong 
tension. The subcutaneous layer and skin are then parted, and 
their free ends contract, and cohere together by contact, so as to 
enclose the ruptured parts. After a while the parts necessary to 
the completion of each zooid are developed. The earth-worm 
acquires a head on the posterior half when bisected. Little is 
known as to whether annelids do or not multiply their segments 
throughout the whole of their existence, and whether they live 
one or many years. These latter points could easily be settled by 
some of our local naturalists' field clubs, who would direct the 
attention of members to the sedentary species. 

The annelids are the counterparts of the Lumbricidm and 
Naides. The former are marine ; the latter are freshwater and 
terrestrial In going from high-water mark seaward the Aricece 
anpear first ; then Aphroditea, Nereidea, ArerUcoUa, and Eunieea. 
The Olyeerea and Ulymenea occur in the lowest zones. Most 
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annelids are mud and sand dwellers. Thej especially frequent 
the flats between high and low-water marks. One species, now- 
ever, Sabella saacicava, is peculiar amongst its class for riddling 
galleries in hard limestones. The richest habitats are where sand 
and mud are mixed in the proper proportion, so as to give the 
material a certain solidity without oeing too tenacious to be 
readily penetrated by these creatures. The prairies of Zottera 
are rich Beids ; the phytophagous species delight to feed upon it, 
and those with carnivorous propensities follow after the plant- 
eaters in order to pre^ upon them. The slopes of certain rocks 
are also richly inhabited by certain species. A few forms, such 
as Eunice gigantea^ E, Rousseaui, Torrta vitrea, and HeteronereiSy 
are pelagic ; but even these, it is believed, resort to the shores 
for the purposes of reproduction, since the fertile individuals are 
always found near low- water mark. It is probable that all the 
species make a partial migration seaward during cold weather, 
smce they are rarely found in winter in the places where they 
most abound in summer. Direct observations are, however, re- 
quired to ascertain whether the annelids have or have not the 
migratory habits suggested. The way in which the galleries are 
druled in the sand is curious. It is done h^ pufimg out the 
proboscis against the sand ; by propelling into it the fluid from 
the general cavity of the body ; the space formed is generally 
wider than the body, so that the creatures can readily advance to 
make another push. As the operation is repeated rapidly, the 
rate of progress is considerable. In many instances the gallery 
is temporary only ; but some species consolidate their sides and 
make habitual use of them in passing from one point to another. 
It is not known how the SabeUa mxicava bores its way through 
limestone ; but the probability is that it ia done by some me- 
chanical operation, since, if a solvent were employed, the walls 
would be rough and corroded, whereas they are remarkable for 
their regularity of form and smoothness of surface. Mr. Ray 
Lankester, however, has pointed out that the Polydora dHata of 
the English coast also bores its habitation. In this instance, the 
facts tend rather to support the chemical view, since the indi- 
viduals always select calcareous rocks, neglecting those of a non- 
calcareous nature ; and since specimens of the annelids give a 
decided acid reaction when placed on litmus paper. He ad- 
duces the smoothness of the galleries as a fact in favour of 
chemical action. There is no perceptible difference between the 
mud-frequenting and the boring individuals of Polydora ciliaia ; 
but it is suggested that future research may indicate that two 
species were confounded under this name. This paper elicited 
from Dr. Mcintosh a reply, in which he shows that Polydora 
cUiata constructs its dwelling in non-calcareous rocks^ and gives 
details respecting all the other British species of bormg worms. 
Many species construct tubes, which are m general characteristic 
of the species or genera. Those of Serpula are not so distinctive, 
so that m this group they do not afi'oni reliable diagnoses. 

With respect to the geographical distribution we are not in a 
position to go into details ; but it may be said that no sea is 
without its representative of every order, and, indeed, many of 
the larger genera are cosmopolitan in their range. At present it 
would seem that annelids do not present that localization of 

groups in definite areas which is so marked in other classes, 
omoined with this, however, we have a remarkable restriction 
in the range of the species, so that, according to Quatrefages, there 
are no species common to two continents, two hemispheres, or 
the two seas of the same continent. Sometimes there is a total 
change of species within a very short range. Thus, to cite one 
example, the annelids on the oceanic shores of France are specifi- 
cally distinct from those which tenant the Mediterranean coast line. 
There are exceptions, but they are accounted for by currents 
having transfer!^ stray specimens from one region to another. 
There is no relation between locality and degrees of organisation ; 
and hence there is a general equalitv of organisation in annelids 
all over the globe. The nature of the habitat, however, has a 
marked influence ; since calcareous coasts possess but few genera 
and species, while granitic or schistose shores abound in both. 

We next enter upon the subject of classification. The most 
generally accepted arrangement has been tha^ proposed by Grilbe 
in 1851 ; but it is not unlikely that the arrangement recently 
put forth by Quatrefages will oe adopted by many students of 
the group. The difference between the two plans appears at first 
sight to De much greater than it actually is. It is true that they 
are drawn up upon different principles, but in the main the 
results are not totally different. Indeed the relative position of 
the genera and families is much the same in Qriibe as m Quatre- 
fages. Nevertheless, there are differences, and some of these are 
highly important from a classificatory point of view. They 



mostly arise from the groups being estimated differently by the two 
authorities. The following is an outline of Qriibe's arrangement 



arrangement. 



A, Rapacia, 
Aphroditea. 
Amphinomea, 
Nephthydea, 
Glycerea. 
Phyllodocea, 
Lycoridea. 
Amytidea, 
Eunicea, 
Ariciea, 



I. ApPBNDICULATA POLTCHiBTA. 

B, Lvmivora, 
SyUidea, 
Chatopterta. 
Pheru^ea, 
Maldania, 
Opheltacea, 
TeUtkusa. 
Terebellacea, 
HermeUacea, 
Serpulac€a, 



II. Gymnocopa. 

Tomopteridea. 

III. Onychophora. 
Peripatea, 

IV. OUGOCHiETA. 

Lumhridna, Naidea, 



V. DiSCOPBORA. 

HirudinoMa, 
Cleptinea, 
BranchiobdelUa. 
Acanthobdellca. 



In Quatrefages' system the class AnneUda comprises the orders 
Dortibranchiata and Tvbicola only of Cuvier, and the orders 
Polychata and Oymnooopa of Griibe. Quatrefages attaches great 
importance to the definition and limitation of families, as he 
considers them to be the key-note of all classifications. They 
are in the main nothing more than the genera of LinnsBUs more 
accurately defined. Especial care is taken to form a decided 
opinion as to which family a genus belongs, but in many cases 
the genera have not been sufficiently described, and these are 
set apart by themselves as being doubtfully placed. In the 
formation of orders and sub-orders he has been guided by the 
following considerations : — It is absolutely necessary to take aU 
the characters into account, since the annelids present a surprising 
amount of variation. The Jussieuan system of classifying is 
considered to be better than the Cuvierian. Cuvier looked for 
his characters in the organs of the most important functions ; and 
this required the assumption that every fimction is performed 
by a special oigan, which is far from being the case amongst 
invertebrates. The Cuvierian plan answers well for vertebrates, 
but is inapplicable to the invertebrates. The annelids afford 
abundant evidence of this. Cuvier, for instance, attached the 
greatest importance to the respiratory organs ; but there are 
whole groups without branchiss which are evidently nearly 
allied to others which have them. Jussieu proceeded by way of 
observation, and he considered those characters most essential 
which spread over the largest specific area. 

An annelid is essentially formed of repetitive segments, having 
feet armed with retractile and exsertile setse. The most im- 
portant characters, then, are the modifications of this general 
type. In one group we find annelids in which all the segments 
have a general resemblance. This forms his order Erraticca, 
It comprises the Errantes of Milne-Edwards and the Rapacia of 
Griibe, with the addition of the Chlorcemea and Polyophthalmea 
families. In the second group the segments are dissimilar, so 
that the body is marked out mto distinct regions. This group 
constitutes the order Sedentarm. It corresponds to the Ttudcola 
of Cuvier and the Lvmivora of Griibe. Quatrefages assigns to it 
some genera which are usually placed amongst tne ErranUi, and 
also the Tomopteridea, 

Each order has its sub-orders. In most Erraticcd aU the seg- 
ments are similar, but in some there are two kinds of segments, 
and these are repeated two and two over the greater length of the 
body. The first form the Erratiect proper^ the second the Erraticcs 
aberrantes. In the Sedentaria there is a small group which do not 
have a distinct demarcation of the body into regions. These are the 
Sedentarias aberranieSy while the others are the Sedentaria proper. 

In forming his families he has had regard to both internal and 
external characters ; but in his table the latter only are indicated 
for the sake of convenience. The armature of the mouth ; the 
absence or presence of branchiss ; the position and form of these ; 
the absence or presence of certain cephalic and pedal appendages ; 
the modifications in the form of such appendages, have tdl been 
employed, and their relative importance is indicated by the order 
in which they are mentioned. The Erratica proper is composed 
of 13 families. Of these, 1, viz., the Polyophthalmeay is quite ex- 
ceptional in having a cephalic rotary organ of locomotion. The 
remaining 12 represent the essential characters of the sub-order. 
They are readily divided into S groups, based upon the character 
of the buccal armature. In the one group are the Eunicea aud 
Lumbrinerea, in the other the remaining 10 families. In the 
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first group the stomatogastric nervous system originates in the 
brain, while in the second it arises from the connective part of 
the ganglionic chain. The digestive apparatus also diifers 
markedly in the two groups. The 10 families "with the simple 
buccal armature form well-marked secondary groups. The 
Glycerea form one : in it the head seems to be a miniature repe- 
tition of the body in being composed of a great number of seg- 
ments. Accompanying this are other interesting morphological 
peculiarities, such, as distinct blood globules, branchiae of peculiar 
structure, almost entire absence of inter-annular septa, &c. The 
other 9 families form 2 groups, characterised by the presence of 
branchiae in the one, and their absence in the other. A parallel 
case occurs amongst the Erraticcs with complicated buccal appa- 
ratus. In these, nowever, the absence of branchiae is an organic 
simplification coinciding with others acting on the vascular 
system,; otherwise the general type remains unaltered. The 
Ltmhrinerea are in fact degraded Eunicea, In the Erraticm with 
simple buccal armature this is not the case. The Nereidea are 
not degraded Nephihydea^ since the first is superior in some 
respects to the second, and in no respect inferior. Amongst the 
ErraticcB with complicated buccal armature, the branchiated familv 
is the more highly oi^anised ; but amongst the Erratica with 
the simple buccal armature one at least of the non-branchiated 
families has the superiority. This is an example of what 
Quatre&ges means by corresponding terms. The ErraticcB with 
complex buccal armature form a natural group, since the type 
remains the same, although it may be weU developed in some 
and ill developed in other genera. In the branchiated group 
the form and position of the branchiae vary, without being accom- 
panied by other diflferences in other systems. But amount the 
Erraticce with simple buccal armature the slightest variation in 
the respiratory system is associated with the most important 
differences in almost every other system, even the nervous. 
The composition of the brain, the mode of distribution of the 
principal nerves are auite exceptional in NepMhys, which in other 
respects resembles tne Nereids. The Nerinea have a double 
abdominal nervous chain, and in this respect resemble tiie 
most characteristic Sedentaria, The Cirrhatulea, on the other 
hand, have the abdominal ganglions fused into a single band, 
which reminds one of the same parts in Clymene. In short this 
group has characters which form the basis of many distinct 
secondary types. A similar heterogeneity is met with amongst 
the abranchiate division. The family Syllidea presents a striking 
example of degradation of structure with imity of type. It 
varies more, peniaps, than all the rest of the class, and it cdone 
presents examples of some of the most interesting physiological 
phenomena, such as geneagenesis. 

Of the 16 families comprising the order ErraiicOj 7 have, 
and 8 have not, branchiae. The great majority both of fami- 
lies and species are abranchiate ; and the genera, with the 
largest number of species, are abranchiate. Folynoe, with 77 



species, and Nereis, with 81 species, being conspicuous examples. 
Of the 11 families of Sed^ntarim, 8 have, and 3 have not, 
branchiae. The latter consist of the GhcetopUrea, Tomopterea^ and 
Clymenea, of which 2 are poor in species ; while tne genera 
most abundant in species occur in the branchiate eroup, such as 
Terebella and Serp\ila. In the two orders, the brandiiae are some- 
times on the head, and sometimes on the body ; but only one 
family {Chlorcemea) amongst the En'aticas has them on the nead, 
while amongst the Sedentarias the branchi^ are cephalic in most 
families. cX^e^mea is, however, a true aberrant group. Quatre- 
fages^ reasons for thus differing from most previous authors as to 
the position of Chlorcemea are tnese. This family unquestionably 
has some resemblance to the Sedentarias, and it is also admissible 
that Arenicolea, Opheliea, and Ariciea, approach somewhat to the 
Erratiece. But these resemblances are due to analogy, and not to 
affinity. The CKLorocmea represent the Sedentarian type amongst 
ih% Erratiece, and the Opheliea represent the .^rro^tco; amongst nie 
Sedentarice. There is a sort of reciprocity between the two orders. 

Nereidea is one of the most natural families. It consists of the 
Lycastis and Nereis of old authors, which form a distinct group 
from the Heteronereis and Nereilepas added more recently. The 
law of repetition undergoes a change here. Heteronereis jpreaenta 
two well-marked regions, nevertheless it belongs to the Erratiece, 
and not to Sedentarice. The genus has the true Nereid structure, 
both internally and externally. The anterior feet resemble those 
of Nereids, even in the minutest details, and are adapted for 
walking. The posterior feet are modified so as to adapt them 
for swimming ; out they nevertheless preserve the family form. 
They are precisely like the anterior feet, but are complicated by 
additional accessory parts. With this exception, all the segments 
are alike. So that the regional distinction depends upon super- 
ficial unimportant characters, and is not a renex of tne general 
typical form. The reciprocal of this occurs in Terd)eUea and Ser- 
pmea; the Heteroserpuloe and Heteroterebelke are examples. The 
appearances result nrom pedal, not typical, modifications. 

Uorresponding terms are represented amongst the genera, as for 
instance in Syllidea, where group after group repeats the absence 
or presence of frontal lobes, the same nuniber of antennae, ten- 
tacles, eyes, &c These groups are analo^es, or the correspond- 
ing terms of each other. This feature is also well marked in 
Nereidea. Reciprocal terms are also present in families and tribes. 
Thus the SahelUe, with calcareous tubes, form an exception to the 
general character of their type, and so far approach the Serpula 
type. Authors have accoraingly placed ProttUa amongst the 
Serpulea, whereas the organization of its species pl&iuly eihow^ 
that the genus belongs to the Sahella type. Again, FHograna 
resembles the Sahella type in having no operculum, nevertheless 
it essentially belongs to the SerpuTot type. It will be noticed 
that similar characters are regarded as of dissimilar value in dis- 
similar groups. This is a prominent feature in Quatrefages' 
classification. The following are the tables above referred to : — 
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I. Se^ents i With elytra 
similar. \ No elytra 



Begions of the 
body Bimilar. 



OrdebI. 

ANNBLIDiB 

Ebiulticjs. 






CLASS ANNELIDA. 
(2 Orders; 4 Sub-orders; 26 Families.) 

Sub-order I.^Erratios abbrramtes. 



Sub-order n. — Erratios proprue. 
Buccal armature complex. [ N^^diii 

r I Arborescent 



n. Segments ( 
dissimilar. 



I 



No rotary { 
apparatus. 



Head of 

ordinary 

form. 



True 



h:r^ ci„w<^J!^»M?^r^Sl'«'" 



( 



Order n. 
Anmelidjb 

SBDEIfTARI& 



< 



branchiae. I -""»"»'• (^ ( Elongated, filiform 

I BranchiflD cephalic 

I Jaws, one pair ; denticles 

No true J Jaws seldom present, ( Cirrhi ( ^^J^fSfi ^"^^ 
branchiae. 1 sometimes denticlesi* I simple, j p, ™g^« * 
I never both. ( Cirrhi lamellar 

Head conical, composed of distinct segments 

A rotary apparatus 

SXTB-ORDER III. — SeDENTARUB ABERRANTES. 

Segments of one or more regions very dissimilar to each other 

Sub-order IV. — Sedentarub proprls. 
Segments of one or more regions always similar or subsimilar to each other. 

nj^ Y«*.noi%;» / No setae on feet , . . 

^° °™"^'^' 1 Set® on all, or ahnost all the feet 

Thoracic and f'^borescent 

abdominaL I / No prehensile cirrhi. | Rami indistinct . 

«- ^i-^v \ Cirrhiform or ) No tentacles. I Bami distinct . . . 

SnJSlT I laciniate. J Tentacles . 

dominal. |^ ( PrehensUe cirrhi 

Thorucic exclusively { S^Tp^Jc^Su'r *' "' "*" .•.•.•.•.'.: 
Cephalic branchiae 



Branchiae. 



( 



Somatic 
branchiae. 



Families. 
Aphroditea. 
Paimfrea. 

Eunieea. 

Zumbrimrea. 

Amphinamea. 

Nephthydeu. 

Nerinea* 

Cirratulea. 

Chlorcemea. 

Nereidea. 

SyUidea. 

Hesionea. 

PhyUodoeea. 

Olvcerea. 

FMjfophthahnea. 

Chmtepiarea. 



Tomopteridia. 

Clymenea. 

Arenicolea. 

(hfheliea. 

Ariciea. 

Leueodorta. 

HermeUea. 

Pectinarea. 

Terebellea. 

Serpulea. 



SI ANNELIDA. 

Family I. Aphrodite a (15 genera). 

I. Elytra dorsal. 

A. Elytra confined to some of the feet. 

a. No dorsal cirrhi . . .1. PholoB, 

b. Dorsal cirrhi. 

♦ Dorsal cirrhi alternating vrith 
the elytra, 
a. Jaws none, or rudimentary, 

a. Hairs on the feet . 2. Aphrodite. 
6. No hairs on the feet 

*♦ 3antennse . . 3. Hermione. 
ft 2 antennae . . 4. Milnesia. 

3. Jaws corneous . . 5. Polyodontes, 

a, 4 antennsD. 

b, 3 antenna;. 

*♦ Pseudobranchial tu- 
bercles . . . 6. Acottes, 

(1) Elytra all along 

the body . 7. Polynoe, 

(2) Elytra leaving 

the posterior 
part 01 the body 
uncovered . 8. Lepidonotwt, 

c, 2 antennae . ... 9. Ipnione, 
t Dorsal cirrhi on all the feet. 

a. Elytra covering the whole 
body, 
a. 3 antennae . . .10. Sthenelais, 
h. 2 antennae . . . 11. Sigalion, 
c, 1 antenna . . .12. Psammolyce, 
fi. Elytra leaving the pos- 
terior part uncovered . 13. Hemilepidia, 
B. Dorsal elytra-on all the feet . 14. Pelogenia. 

II. Elytra dorsal and abdominal . . 16. Oastrolepidia, 

Genera incerUB sedis 2 : Hermenia; Evmolphe, 

Family 11. Palmybea (4 genera). 

I. Segments not nimierous. 

A. Feet biramose. 

a. 1 antenna . . . . 1. Palmyra, 
h. 3 antennae . . . .2. Chrysopetalon. 

B. Feet imiramose . . . . 3. PaUanotus. 
11. Segments numerous . . . .4. Bhawania, 

Family III. Eunicea (4 genera). 

I. Antennae 5. 

A. Tentacles 1. Eunice. 

B. No tentacles .... 2. Marpkysa. 

II. Antennae 7. 

A. Tentacles 3. Diopatra. 

B. No tentacles . . . .4. Outfit. 

Family lY. Lxtmbbikerea (8 genera). 

I. Antennae wanting. 

A. No dorsal cirrhus . . . 1. Lumbrijiereiis. 

B. With a dorsal cirrhus . . 2. Notocirrus. 

II. Antenna single. 

A. No dorsal cirrhus . . . 3. Blainvillea. 

B. With a dorsal cirrhus . . 4. Nematonereti. 

III. Antennae 2 .5. Oenone. 

IV. Antennae 3. 

A. Head free . . . .6. Lysidice. 

B. Head concealed . . . . 7. Aglaura. 
V. Antennae 6 8. Plioceras, 

Genus incerUz sedis : Zygolobus, 

Family V. Amfhinoicsa (7 genera). 

I. Feet biramose. 

A« With antennae and tentacles, 

a. Branchiae pinnatifid . . 1. Chloe. 

b. Branchiae arborescent . . 2. Amphirumu. 

c. Branchiae cirrhiform . . 3. Linophera. 
B. With one antenna • . .4. Evpnrosyne, 

II. Feet uniramose. 

A. With antennae and tentacles . 5. Hippono^. 

B. Antennae and tentacles wanting. 

a. Branchiae in rows . .. 6. Lophonota. 

b. Branchiae in groups . . 7. Ihdymobranchus. 
Genera incertce sedis 2 : Aristenia ; OrypUmotue, 
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Family VI. Nephthydea (3 genera). 

I. Head l)earing antennae. 

A. Antennae 4 1. Nephthys. 

B. Antennae 2 2. Portelia. 

II. Antennae wanting . . . .3. Diplobranchus. 

Family VII. Nerinea (6 genera). 

I. Feet biramose. 

A. Feet without cirrhi. 

a. No uncini 1. Neriive. 

b. Uncini present . . .2. Uncinia. 

B. Feet bearing cirrhi. 

a. Inferior cirrhi only . . . 3. Aonis. 

b. Inferior and superior cirrhi 

* No eyes . . . .4. Malacocera, 
t Eyes present . . . . 6. Colobratichus. 

II. Feet uniramose . . . .6. Pygo^pio. 

Genera incertce sedis 2 ; Pygophyllum; Clytia. 

Family VIII. Cibratulea (6 genera). 

I. Branchiae on nearly all the se^ents. 

A. Branchiae both pedal and dorsal. 

a. The two sorts of branchiae ap- 

pearing at the same time . 1 . CirrattUus, 

b. Pedal branchixe preceding the 

dorsal 2. Audouinia. 

B. Pedal branchiae only . . .3. Girrinerefy. 
II. Branchiae on the anterior segments 

only. 

A. No tentacles 4. Dodecacerasa. 

B. One jMur of tentacles . . . 5. Heterocirrus. 

C. Three pairs of tentacles . . . 6. Nagaranseta. 

Family IX. Chloilemea (5 genera). 

I. Body covered with hairs . . .1. Chlorctma. 
II. Body without hairs, or with very short hairs. 
A. Head protected by setae. 

a. All the feet biramose. 

* Head very distinct . . .2. Stphostomum. 
t Head indistinct . . . . 3. Pherusa. 

b. Only the fore-feet biramose . 4. Lophiocephala. 
R Head entirely imcovered . . .5. Brada. 

Genera incertas sedis 4 : Spiutlier; Flemingia; Sty- 
laroides; Tecturella, 

Family X. Nereidea (4 genera.) 

I. Body forming one region. 

A. Feet uniramose . . . .1. Lycastis. 

B. Feet biramose 2. Nereis . 

II. Body forming two regions. 

A. All the setae like those of Nereis . 3. NereUepas. 
K Part or the whole of the seUe remi- 

form 4. Heteronereis. 

Qeaera incertce sedis 2 : Micranereis; Zothea. 

Family XI. Stllidea (31 genera). 

I. Feet moveable. 

A. With dorsal and abdominal cirrhi 
a. No tubercles on the body. 

* Gizzard armed. 

. 4 antennae. 

a. 12 tentacles . . . 1. Syllidia. 
h. No tentacles . . . 2. PrionogncUhus. 
fi. 3 antennae . . . . 3. Gnathasyllis. 
** Gizzard unarmed, 
a. Head and buccal segment distinct. 
a. With frontal lol^s. 

t Antennae 6 . . 4. Pterosyllis. 
ft Antennae 4 . . . 6. Brania. 
ttt Antennae 3. 

1. Tentacles 8 . .6. Proeoma. 

2. Tentacles 4. 

Eyes 4 . . . 7. Syllis. 

Eyes 6 . . a Ehltrsia. 

3. Tentacles . . 9. Exogone. 
tttt Antennae 2 . .10. GnAea. 

h. No frontal lobes, 
t Antennae 4. 

1. Tentacles 16 . .11. Kefersteiniit. 

2. Tentacles . .12. Eucerastes. 
ft Antennae 3. 

O 
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Family XV. Polyophthalmba (1 genus, viz., PolyophthcUmus). 

Family XVI. CHiETOPTEREA (1 genus, Chatopterus). 
Qenus incerta sedis: Spiochaitopterus, 

Family XVII. Tomoptbbidba (1 genus, Tomopteru). 

Family XVIII. Cltmenea (10 genera). 

I. Body in three regions. 

A. With an anal funnel. 

a. No respiratory cseca. 

* Cephalic plate developed . 1. Olymene, 
t Cephalic plate none, or rudi- 
mentary . . . . 2. Leiocephalus, 

b. Respiratory caeca present • 3. Johnstonia, 

B. With an anal plate. 

a. With a cephalic plate . • • 4. Maldane, 

b. No cephalic plate . • .5. PetcUoprocttu. 

C. Neither plate nor funnel • • • 6. Ammachares, 
IL Body in two r^ons. 

A. Head truncate . . • ,7. Clymenidia, 

B. Head not truncate. 

a. Head acute. 

* Posterior region with simple 

setsD 8. Arenia. 

t Posterior region with imcini 

only 9. Ancistria. 

b. Head club-shaped . . . 10. ClyTnenia. 
Genera incerta sedis 3 : Capitella ; Noiomasius ; Dasyhranchus, 

Family XIX. Arenicolea (2 genera). 

I. Branchiferous feet consecutive . .1. Arenicola. 
II. Branchiferous feet separated by a- 2. Chorizo- 
branchiate ones . . . ... branehtu. 

Genera xncertm sedis 2 : Scalvbregnia ; Pohfpkysia, 

Family XX. Opheliea (3 genera). 

I. Feet with a single branchia. 

A. On the middle region . . .1. Ophelia, 

B. Nearly on the whole body. . . 2. Travisia, 

II. Feet with several branchiro . . .3. Bra/nchoscolex. 
Genera incerta sedis 3 : Ophelina; Ammotrypane; Sclerocheilus. 

Family XXI. Ariciea (6 genom), 

I. Proboscis of ordinary form. 

A. Lower ramus of anterior feet bear- 
ing uncini. 

a. No antennsB 1. Arieia, 

b. WithantennsB . . . .2. Orbima. 
R Lower ramus of anterior feet with 

simple setae. 

a. No caruncle 3. ScoloploA. 

b. Caruncle }>resent. . ^ 4. Porcxa, 

II. Proboscis divided into foHaceous lobes . 6. AnthosUrnium, 
Genera incertce sedis 4 : MageUma ; Gisela ; J%eodisca ; Her- 

mandura. 

Family XXII. Leucodobsa (6 genera). 

I. Feet different 

A. Feet biramose. 

a. Branchiae superior . . • 1. Leucodore, 

b. Branchiae inferior 

* Third segment abnormal . 2. DisoTna, 
t Fifth segment abnormal . 3. Pdydora, 

B. Feet uniramose .... 4. Svwne, 

II. Feet similar 5. Spio^hcmes. 

Genus incertce sedis : Spio. 

Family XXIII. Hermellea (3 genera). 

I. Body in 3 regions. 

A. Operculum with 3 rows of setae . 1. HermeUa, 

B. Operculum with 2 rows of setae . 2. PoZZdno. 

11. Body in 2 regions 3. CentrocaroTu, 

Genera inoerUe sedis 2 : BranchioeeAella ; Uncinocheta, 

Family XXIV. Pectinarea (2 genera). 

I. Branchiae 2 pairs 1. P§eHnar%a, 

II. Branchiae 3 pairs 2. Scalis, 

Family XXV. Terebsllea (11 genera). 
I. Body in 2 regions. 

A. With dorsal branchiae. 



13. Aviolyttis. 

14. Trichosyllis. 

15. Heterosyllis. 

16. Oossia, 



1. Tentacles 4. 

Eyes 4 . . . 
Eyes . . . 

2. Tentacles 2 

3. Tentacles 
/9. Head and buccal segment con- 
founded. 

0. With frontal lobes, 
t 3 antennae and 4 tentacles 
determinable . . . 

o * 
o. . 

6. No frontal lobes : an- i 7. . 
tennae and tentacles < 5. . 
indeterminable ( 0. . 
b. With tubercles on the body . . 
R No abdominal cirrhL 

a. With frontal lobes . 

b. No frontal lobes. 

* Antennae 3. 
a. Tentacles 4 • • . 
/9. Tentacles 2 

t Antennae 2 . . . . 
C. Neither dorsal nor abdominal cirrhi 30. Schmardia, 

II. Feet immoveable 31. Dtyardvnia. 

Genera incertce sedis 17 : Polyhostrichus ; Sacconere^ ; 
Poll/nice ; Diplocercea; Photocharis ; Macrochceta ; Syllia ; 
Gruhdda; Anisoceras; StaurocephcUiis; Sigambra; Diplo- 
tis; Ephesia; Sphasrodorwm ; PoUicUa; AporosyUis; 
Cirroceros, 

Family XII. Hesionea (10 genera). 

I. Feet uniramose. 

A. Size comparatively large. 

a. Segments very numerous 

b. Segments few. 
* Antennae 4 . • 
t Antennae 2 . • • 

B. Size small. 

a. Antennae 4. 

* Tentacles 14 . • • 
t Tentacles 8 . • • 
t Tentacles 6 . • • 



17. Claparedia, 

18. Oystaiiere^, 

19. SphoBTOsyllis. 

20. Oophylcuc, 

21. IsasyUis, 

22. Thylaciphora, 

23. Arnbliosyllis. 

24. Tetraglenc^, 

25. EuryosyUis, 

26. SyUine. 



27. MyriarUda. 

28. lotdcu 

29. Microsyllis, 



1. Myrtana. 

2. Hesione, 

3. FalUma, 



4. Penboea. 

5. Psa/mathe, 

6. Lopadorkyn- 



7. PodwrJca, 

8. Mania. 



b. Antennae 5. 

* Tentacles 12. 
t Tentacles 10 . 

II. Feet biramose. 

A. Antennae 8 9. PsefudosyUis. 

B. Antennae 4 10. CasUdia^ 

Genefti incertw sedis 5 : Pisione; Oxydromus; Hali- 

mede; CirrosyUis; Orsets, 

Family XIII. Phyllodocea (12 genera). 

I. Eyes of ordinary size. 

A. Feet uniramose. 

a. Antennae 5. 

* Tentacles 10 • • .1. Kvnbergui, 
t Tentacles 8 . 
t Tentacles 6 . 

b. Antennae 4. 

* Tentacles 8 . 
t Tentacles 6 . 
t Tentacles 4 . 
§ Tentacles 2 

c Antennae 2 

B. Feet biramose . 
II. Eyes very large. 

A. Feet bearing two glandular organs 10. Alciope. 

C. Feet with a single glandular oigan. 

a. Antennae 5. . . .11. Krohnia, 

b. Antennae . . . . 12. Torrea, 
Genera incertce sedis 2 ; Ewmetiia; Liocape. 

Family XIV. Glycerea (3 genera). 

I. Feet biramose. 

A. Rami approximate , . .1. Olycera, 

B. Ramu distant 2. GonicuU, 

II. Feet uniramose . . . . .3. Hemipoda, 

Genera ivcerta sedis 2 : Glydnde; Probosddia. 



2. EuUdia, 

3. Erada, 

4. PhyUodoce, 
6. Carobia, 

6. Eteone, 

7. Lugia, 

8. MacrophyUum. 

9. Notopkyllum, 
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a. Dorsal branchise ar- 
borescent 



( 3 pail 
< 2 pail 
( 1 pai] 



pairs 1. TerebeUa, 
pairs 2. Physdia, 
pair 3. IdcUia, 

b. Dorsal brancbi« pecti- 

natedy median. . . .4. TereheUideA, 

c. Dorsal branchiae cirrhifonn. 

* Buccal cirrhi simple . . 5. Phenacia, 
f Buccal cirrhi pinnate . 6. Sabellides, 

d. Dorsal branchi® cirrhifonn and 

pinnate 7. Isolda, 

B. No dorsal branchiod . .8. Apneumea, 

II. Body in one region. 

A. dorsal branchieD ar- < 3 pairs . 9. HeteroterebeUa. 

borescent ( 2 pairs . 10. HtUrophyselia. 

B. Branchiee cirrhiform , . .11. HeteropJienacia. 
Genera incertw sedis 7 .• RhytocepJuxlus ; Amphicte^ ; Polydrrua ; 

Sabellina ; Anisomdaa ; Piratesa; Ltmuvra, 

Fanuly XXVI. Serpulea (21 genera). 

I. Head without an operculum. 

A. Regions distmct. 

a. Tube membranous. 

* Branchise with a circular base, 
a. Cirrhi free. 

a. No caudal eyes . .1. Sahella, 

b. Caudal eyes. 

1. Antennae present. 

With a collar . . 2. Oria. 

Without a collar . 3. Am/phigUna, 

2. No antennae . . 4. Fabricia, 
0, Branchial cirri united . 5. Chonea. 

t Branchiae with a spiral base, 
a. A single branchia in 

spiral . . .6. Spirogra'pha, 
0. Botn branchiae in spiral 7. Distylia, 
b. Tube calcareous. 

* Branchiae with a spiral base 8. Protula, 
f Branchiae with a circular 9. Psygmo- 

base hranckus, 

B. Regions indistinct 

a. With feet. 

* Branchial cirrlii free. 

a. With barbules . . .10. Anambcea, 

0. No barbules . .11. Amphicorine, 

jr Branchial cirrhi united . .12. Myxicola. 

b. Without feet. 

* Branchiae with barbules . 13. Oymrumoma, 
t Branchiae without barbules . 14. Phoranis, 

II. Head with an operculum. 

A. Two or more false opercula » .15. Filograna. 

B. With true opercula. 

a. Tube completely rolled up .16. Spirorbis, 

b. Tube more or less sinuous. 

* Two symmetrical opercula . 17. Codonytes, 
t One operculum. 

o. Tube free . . .18. Ditrupa, 
0, Tube attached. 

a. Branchiae with eircular 

base. 

1. Operculum corneous 19. Serpula. 

2. Operculum comeo- 

calcareous . . 20. Vermilia, 

b. Branchiae with a spiral 

base . . .21. Oymoapira, 
Genera incertoB sedis 5 : SpirameUa; Apomatus; Spiroglypha ; 

Stoa; VermictUum, 
ANODON or ANODONTA p^TAiADiE, E. C. vol. iii. cols. 
1048 — 1055], a genus belonging to the family of river mussels, 
or UnionidcBy and differing but little, either in the soft or the 
hard parts, from Unto. The body and shell are of a long 
oval snape ; the gills are flexuous, and the labial palps are 
lanceolate. The shell is thin, smooth, and somewhat ventricose 
in old individuals: the teeth on the lunge line are rudimentary, 
and the lunule is slight and indistinct According to Bronn, 8 
tertiary species were known in 'Europe in 1860, and 100 living 
species, the majority of which (60) occur in North America; while 
1 only is recoroed from Northern Europe, and 1 from Southern 
Europe. The other species are distributed through the tropical 
and northern parts of America and Asia. It may well be 
questioned whether all these forms are entitled to specific rank; 
for it is exceedingly difficult to discriminate the species in this 



genus. Jeffreys regards the North European forms as belonging 
to two species, viz., A. cygnea, and A, anatina, both of which occur 
in England, but the former only extends into Ireland and Scot- 
land. Their habits much resemble those of the species of 
Unio, and both are to be found in most of the sluggish flowing 
rivers and canals, as well as the lakes, canals, and ponds 
throughout the area of their distribution. A, cygnm ranges 
from Siberia to the Pyrenees, and occurs in the upper ter- 
tiary strata of England; and A, anatina extends as far south 
as Sicily, but has not yet been recorded in the EngUsh ter- 
tiaries. The principal differences between these two species 
consist in the latter having a smaller but proportionally K)nger 
shell, in having a raised, not flat, hinge line, and in the posterior 
side sloping away abruptly, and not gradually, aa in A. cygnea. 
Five or six species occur in Algeria, all of which are distinct 
from those of Europe. As bearmg upon the possible migration 
of this g^nus into England from the south and east parts of 
Europe, it is an interesting fact that a species closely allied to 
A, cygnea has been recently found in the lower Oligocene shales 
at Both, on the Rhone. It has been named A. prrederndsaa 
by Ludwig. It was somewhat larger than A, cygivea; the aver- 
age specimens of the latter are about 2*75 inches long and 5*35 
broad; while the extinct form measured 3*1 inches in length, 
and 5'8 in breadth. There are some doubts as to the occurrence 
of this genus in the Palaeozoic rocks; but one species, viz., 
A, Jvkesii, has been recorded from the upper Old Red Sand- 
tone, and several species from the Carbonimrous and Permian 
strata of Russia and Germany. It is noticeable that amongst ' 
these Palaeozoic forms, those from the more southern localities 
are smaller than those found in higher latitudes: in other words, 
the Russian species are smaller than the German. 

ANOM(EPUS. [Birds, E. C. S.] 

ANORTHITE is a mineral belonging to the Felspar fendly, 
and having a composition closely resembling that of Scapolite. 
It differs from it in containing magnesia, potash, soda, and oxide 
of iron amongst its ingredients, which nave replaced a small 
portion of the lime. It has many of the physical properties of 
Scapolite, but is somewhat harder than it, ranking from 6 to 7 
in the scale of hardness. It includes many varieties, amongst 
others Amphodelite, Bytownite, Diploite, or Latrobite, India- 
nite, Lepolite, Lindsayite, Polyargite, Rosellan, Simdvilkite, 
and Wilsomite. It has been found in hornblende, ^enite, and 
the greenstone dvkes, traversm^ the limestone of CarHngford 
Mountain in Ireland; in cavities in the old lavas of Monte 
Somma ; in the Faroe Islands, Java, and the Ural Mountains. 

ANORTHOSITE is the name given to a group of rocks which 
consist almost entirely of a Felspar containing soda and lime, and 
whose cleavage planes are not at right angles to one another. They 
are developed in remarkable abimdance in Canada, where they 
constitute strata many thousand feet thick. They predominate 
more especially in the Upper Laurentian Series of ro^, and con- 
trast with the rocks forming the Lower Laurentian Series [Lau- 
rentian Rocks, E. C. S.] Foreign minerals are few and far from 
abundant. Carbonate of Lme occurs in small quantities: quartz is 
exceedingly rare; garnets sometimes occur in lines which mark the 
planes of stratification ; a browmsh-black mica is met with in some 
of the granitoid varieties; hypersthene is characteristic of some va- 
rieties; while nains and lenticular masses of ilmenite are in places 
associated witia a green augite in thin interrupted parallel layers. 
Selecting ten specimens of felspar as representing the average 
composition of these rocks^ we find that they contamed: — 

SUica 56- 

Alumina 2730 

Lime 9*42 

Soda 4-84 

Potash -84 

Peroxide of iron, and volatile matters . . . . 1*60 

The most noticeable features are the comparative abundance of 
lime and soda, and insignificant proportions of potash and per- 
oxide of iron. The large quantity of lime in these old rocks 
is an important fact, since it has been surmised by some palaeon- 
tologists that the rarity of the remains of Mollusca with calca-' 
reous shells, and the predominance of LinguhEj in whose shells 
carbonate of lime is an unimportant ingredient, in the oldest 
fossiliferous strata of most countries, is connected with the 
small quantity of lime which appears to have been present 
in the seas of the period. This subject is refen-ed to more 

Earticularly elsewhere. Anorthosites occur amid some of the 
ilurian strata, but nowhere are they in such force as in the 
North American area of the Laurentian Series. 
(Sir W. Logan, Geology of Canada, 1863.) 
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ANTHRACONITE, a name given to the l)lack liine3toiies,espe- 
cially those which emit a fetid odour when rubbed [Marble, E.C.] 

ANTHROPOLITES [E. C. vol. i. col. 231]. Few subjects 
have been more voluminously discussed of late years than that 
of the antiquity of man. The evidence bearing upon it is de- 
rived partly from the position of human bones in caves and 
recent strata ; but in a still greater degree from other phenomena. 
Amongst them may be mentioned the association oi his handi- 
work with the bones of animals which have long since become 
extinct ; the present variety in the anatomical stnicture ; and 
the material cnaracteristics and geographical distribution of the 
numerous races of mankind. It is from a consideration of the 
rate with which modifications of structure occur : languages grow, 
flourish and decay ; peoples and nations spread themselves over 
continents, emerge from barbarism, acquire an individualised 
character, develope civilisation, and vanish into obscurity, as 
compared with the present state of mankind, that an estimate is 
formed of the antiquity of man. The subject is far too wide and 
extensive to be discussed here, and therefore, the reader is re- 
ferred for supplementary details respecting fossil human remains 
to Man, E. C. S. 

ANTHUS [E. C. vol. i col. 231, 2321. This genus, which is 
nearly allied to the Larks, agrees with Alauda, in having species 
which ran^e right across the European and Asiatic continents, 
which species, like those of the lark -group, undergo varietal modi- 
fications in different geographical areas. Of the five British species 
mentioned in the E. C. article, probably three are to be met 
with in the far East. It is only within the last few years that 
Rock Pipits have been recorded from China, and in most instan- 
ces they nave received separate specific names. 

A. agiliSf Sykes, was first observed in India. It winters 
in the south of China, and during the summer migrates north 
into the northern parts of the same country, especially the 
Amoor-land, and to Japan. It closely resembles A, arboretu, 
and is probably a variety of that species. 

A. blakistoiii, Swinhoe. This species is founded on a 
specimen captured on the gi*eat Chinese river Yang-tse. It is 
scarcely to be distinguished from A. obtcurus. The describer 
says of it, " This ratlier closely tallies with one in Mr. Gould's 
collection from Ireland ; but ours has a whiter face and cheek, 
and the pectoral spots, which blend away obscurely in the 
Irish skin, are in ours distinct and well marked.'* And further 
on he admits it may be only a well-marked race, to which the 
British form may be found occasionally to assimilate. The 
difference between these two specimens from the most distant 
parts of the same great continent, from localities indeed which 
are thousands of miles apart, is less than may be detect«i in the 
Dusky Pipits of Ireland alone. It is extremely probable that 
when a series of specimens from China and the west of Europe 
are compared together, they will be found to be specifically 
identical At any rate, a species founded upon such trivial dif- 
ferences, derived from the comparison of two individuals only, 
can only be regarded as provisional. This species is probably 
identical with the Anthus aquaticus ol)servea by Von Schrenck 
in Kamtchatka, and by Schlegel in Japan. 

A, Richardi. This is recorded as a Chinese bird by Swinhoe, 
under the name of Corydalla Richardi, Vieillot, wfio has the 
following interesting remarks on it ; — ** I have a very lai^e 
number of this species, shot at Amoy and elsewhere in China, 
Siam, and India. It is in South China a winter bird, but a few 
remain about the hills to breed. I found a few on the Foochow 
hills in June ; these were smaller, with large bills and eyes, and 
darker and more distinctly marked plumage. I sent one to Mr. 
Blyth, who, under the impression that it came from the Philip- 
pines, christened it under the new name C infuscata. But 
oetween this and the ordinary winter race I have every grada- 
tion of form and plumage. I also procured in spring, at Amoy, 
a few specimens of a somewhat smaller pipit, richly washed 
with ocnreous ; this is Bonaparte's species C. sinensis, and if 
correctly identified by Mr. G. R. Gray, Anthus (hermophUus, 
Hodgson. But here again, in my laige series, every step both 
in form and colour occurs between it and the larj^er paler race. 
It is easy to conjecture how these different climatic races of the 
same bird should turn up at one spot For the island of Amoy 
by its position affords a resting place to vast numbers of birds 
bound on widely different migrations ; and the different croups 
of the Richard's Pipit, influenced in their forms and tints by the 
greater or lesser heat of their birth-places and summer resorts, 
and doubtless by other local circumstances, in passing to their 
winter quarters rest for a few days on our island. The mrge pale 
variety stays the cold weather with us ; the rich-tinted vanety 



arrives early, passes away, and returns late, thence showing that 
it has a long way to travel southwards. The intermediate forms 
are less regular m their movements. As the nesting area is found 
to be more fixed than their winter haunts, the same birds re- 
turning to breed year after year to the same spot, it is not 
impro^ble that the extreme forms of these races would be found 
to inhabit in summer areas widely divided, the intermediate 
gaps being filled up with forms intermediate and approximating 
most neany to those to which they were nearest, imtil amalga- 
mation would arrive." (Proc. ZooL Soc. 1863, p. 272.) 

ANTIQUITY OF MAN. [Man, E. C. S.] 

APHIS [E. C. voL i. cols. 273—275]. The marvellous fecun- 
dity of the Aphis, together with the circumstances under which it 
is developed, affords to the naturalist facts of the highest interest, 
and opens up questions the solution of which lies at the very root 
of the true explanation of that power, or combination of powers, 
by which like produces its like in the organic world. In the 
higher animals the influence of the males precedes the develop- 
ment of every individufiJ ; but in the Aphis and many of the 
lower animals the same influence appears to sufice for the deve- 
lopment of many thousands, probably millions, and, if we accept 
the calculations made by Morren and adopted by Professor 
Owen, more than a quintillion of individualised forms. The 
difference is so striking, that we will state it roughly in another 
way. A human ovum weighs, we will suppose, 100 grains, 
which is very much under tne mark ; by contact with a certain 
number of cells of a special character, which need not weigh in 
the aggregate more than a few grains, certain changes are super- 
induced by which the substance of the egg is developed into 
tissues, the tissues organised, and the principle of life imparted 
to them. The cells of the embryo multiply and increase until 
they ultimately form an individual, whose weight rarely exceeds 
two million grains. On the other nand the ovum of the Aphis 
weighing, we will say, a few grains, is fecimdated by sperm cells 
less than a grain in weight, and the cells of this ovum subse- 
quently so multiply that they will give rise to an amount of 
organised tissue wMch would outweigh 600 million of men, or 
h£uf the population of the globe. The general opinion seems to 
be, that all these changes are brought about by some force con- 
centrated in the sperm cells, and this is in the main the opinion 
of Morren and Professor Owen. The latter authority, for ex- 
ample, has expressed his belief that what he terms spermatic 
force (which we take to be some force actually resident in certain 
sperm cells which weighed but a few grains; is transmitted to a 
mass of germ cells, and that these germ cells are the direct 
excitants of all the changes in the successive generation of cells 
until the impregnation of the next ovum. Hence it is evident 
that on such a supposition the original stock of force will be ex- 
hausted sooner or later. In order to guard against misinterpre- 
tation, we will quote a few of the sentences in which the Professor 
enunciates these opinions. " It would be needless to multiply 
the illustrations of the essential condition of these phenomena. 
That condition is, the retention of certain of the progeny of the 
primary impregnated germ cell, or in other words, of the geim 
mass unchanged in the body of the first individual developed 
from that germ mass, with so much of the spermatic force iime- 
rited by the retained germ cells from the parent cell or ^rm- 
vesicle as suffices to set on foot and maintain the same series of 
formative actions as those which constituted the individual con- 
taining them. . . . The physiologist congratulates himself 
with justice when he has been able to pass from cause to cause, 
imtil he arrives at the union of the spermatozoon with the ger- 
minal vesicle as the essential condition of development — a cause 
ready' to operate when favourable circumstances concur, and 
without which cause these circumstances would have no efiTect 
What I have endeavoured to do has been to point out the condi- 
tions which bring about the presence of the same essential cause 
in the cases of the development of an embryo from a parent 
that has not itself been impregnated. The cause is the same in 
kind though not in degree, and every successive generation or 
series of spontaneous fissions of the primary impregnated germ 
cell, must weaken the spermatic force transmitted to such suc- 
cessive generation of cells. The force is exhausted in proportion 
to the complexity and living powers of the organism developed 
from the primary germ cell and germ mass." ^Lectures on the 
Comparative Anatomy of the Invertebrata'). Professor Owen's 
explanation seems to us to leave the matter much as it was 
before, since the assigned cause is clearly inadequate to pro- 
duce the subsequent phenomenon. No doubt the union of 
sperm and germ cells precedes development, but no physicLst can 
conceive that the quantity of force associated with a few grains 
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of matter will suffice for the movement of a mass many tons in 
weight. All that the facts seem to show is that there is a power 
of some sort in the sperm and germ ceUs which commences a 
series of changes, but there is nothing to warrant the inference 
that the force by which these changes are effected is derived 
from the spenn cells. This sort of action reminds us strongly of 
what the chemist calls catalysis. The fallacy in both these 
cases, we think, has been hai)pily put by Professor Huxley, when 
he suggests that a bullet is propelled by * trigger force.' In 
the case of the bullet we know that the mere force with which 
we pull the trigger is not that wliich propels the projectile. 
The real force is derived from the gunpowder, but it would 
require too much space to exi)lain here how it is the force is so 
easily liberated. But the main feature of all these actions may 
be illustrated by a simpler case. A man draws the string of a 
cross-bow, and places an arrow in a position to be fired. Another 
man comes forward and with a slight touch of his finger releases 
the string, and the result is that the arrow is propelled some 
hundreds of yards. Here then a man by an exertion of strength 
establishes an inequilibrium of forces ; and a second by a little 
finger force restores the equilibrium. But the force which is 
thereby released is not finger foixje, but was derived from the 
muscles of another individual. We believe the development of 
animals to be a parallel case ; the matter is so arranged before- 
hand, that a slight initial force will bring about a long con- 
catenation of results. The extent of change that is brought 
about will not depend upon tlie amount ot trigger force, but 
upon the quantity and proper disposition of the gunpowder 
and bullet : nor upon the amount of spermatic force, but upon 
the quantity and disposition of the matter which it acts upon. 

So much by way of introduction. We will now endeavour to 
ascertain what is the nature of the agamic reproduction of the 
Aphis. In the autumn the impregnated females, which never 
possess wings (although many respectable authorities have as- 
serted the contrary), lay eggs. These remain dormant through- 
out the winter, and in early spring they give rise to broods 
which may or may not have wings. These never lay ^ggs, they 
do not possess sexual organs, and they produce their young 
viviparously. Viviparous broods succeed each other one after 
anotner so long as tood is plentiful and the weather is warm. 
In this country the changes of seasons do not usually permit more 
than nine or teri successive broods ; but if the tenth brood be 
placed under favourable circimistances, viviparous generation may 
be continued for, so far as we yet know, an indefinite length of 
time. For instance, Kyber kept up viviparous veneration for 
four years, when agamic reproauction seemed to oe as active as 
at any previous period. However, imder natural circumstances, 
the agamic mooe of reproduction is brought to a stop by the 
scarcity of food and the accession of cold ; sexual individuals then 
appear, and e^ are again laid. The recurrence of fertilisation, 
and the deposition of eggs, seem to be a periodical phenomenon 
dependent rather upon the seasons than upon physiological causes 
only. 

One of the questions which here suggests itself is, whether 
any differences can be detected between uie development of the 
embryo formed in the body of its parent, and of that which is 
derived from a deposited egg. In the viviparous female, the repro- 
ductive organs consist of a series of long olind canals, constricted 
here and mere, so as to form a series of chambers. In the most 
anterior chamber, or that which is nearest the blind end of the 
canal, certain vesicles separate from the wall of the chamber by a 
process which may be compared to simple fission. Each vesicle 
becomes surrounded by a homogeneous, granular envelope. So 
far as mere appearances are concerned, these bodies are undis- 
tinguishable tcom ova in their earliest sta^s. Hence, for the 
Bs^e of distinction, Professor Huxley calls them pseudova. The 
pseudova pass backward in the pseudovarian canal, and at the 
same time undergo changea, the most important of which is the 
disappearance of the vesicles, and their conversion into germ- 
masses composed of nucleated cells, surrounded by a granular 
envelope. In this stage the central part resembles the vitellus 
of an ordinary egg, while the enveloping part resembles the 
blastodenn. As development proceeds, the olastoderm thickens, 
more especially on the posterior side of the germ ; the thickened 
portion Decomes marked off by a depressed line, and the whole 
becomes inclosed in a thin structurdess membrane. At a still 
further stage, rudiments of the head, thorax, and abdomen make 
their appearance, and still later a series ot canals representing 
the pseudovarian canals appears in the central part, from which 
is also developed the alimentary canal. In the peripheral por- 
tion of the germ the limbs, muscles, and nerves take their ongin, 



and before the embryo is discharged into the air, it has acquired 
all the organs that will enable it to maintain its own existence 
independently. 

In the oviparous female, the oviduct consists of four ovarian 
cssca, each ol which is divided into a series of chambers by 
constrictions. In the apical chamber there is a group of 
bodies whose formation appears to be of a secretory nature. It 
would seem that the germinal vesicles originate from the epi- 
thelium lining the apical chamber, by simple separation. As 
these pass backward, they are enveloped in a zone of clear sub- 
stance which represents the future volk, and is apparently 
derived from the glandular bodies above mentioned. When 
fully formed, the OATim is of an oval form, and of a dark green 
colour. It is covered by a tough transparent membrane, or the 
chorion ; beneath this is the vitelline membrane, which imme- 
diately invests the yolk. The egg is laid, and imdergoes the 
same or similar changes as the pseudovum^ the embryo is deve- 
loped in the same way, and the Aphis derived from an ovum is 
in no respect different from the Aphis derived from a pseudovum. 
The starting point is similar in both ovum and pseudovum, and 
the ultimate product is the same, but different roads are taken 
in order to arrive at the final result. 

Such are the main facts ; and in order to show what conclu- 
sions they seem to lead to, we will quote those suggested by 
Professor Huxley. After having drawn up certain propositions 
based upon the lacts mentioned by him, he says, '* If these pro- 
positions are correct, I see no valid objection to the conclusion, 
that the agamic offspring of Aphis is developed from a body of 
precisely the same cnaracter as that wliich gives rise to the true 
egg. The pseudovum is detached from the pseudovarium in the 
same way as the ovum from the ovarium. In both cases the 
act of separation is in every respect a process of gemmation. 
From this point onward, however, the fate of the pseudovum is 
different from that of the ovum. The former begins at once to be 
converted into the germ, the latter accumulates yelk substance, 
and changes but little. Both bodies acquire their membranous 
investment rather late ; within it the pseudovum becomes a 
living larva, while the ovum is impregnated, laid, and remains 
in a state of rest for a longer or shorter period. Although then 
the pseudovum and the ovum of Aphis are exceedingly similar in 
structure for some time after they have passed out ot the condi- 
tion of indifferent tissue, it cannot be said that the sole difference 
between them is, that the one requires fecundation and the 
other not. When the ovum is of the size of a pseudovum, which 
is about to develope into an embryo, and therefore lon^ before 
fecundation, it manifests its inherent physiological distinctness 
by becoming not an embryo, but an ovum. Up to this period, 
the influence of fecundation has not been felt ; and the pro- 
duction of ova instead of pseudova must depend upon a some- 
thing impressed upon the constitution of the parent before it 
was brought forth by its viviparous progenitrix. In this res- 
pect the ova of Aphis exhibit the same relation to the pseudova 
as the ephippial eggs of Daphnia (whose development has been 
so well oescrroed by Mr. Luobock) bear to the agamic eggs ; for 
the histological change in the ovarium of the Vavhnia which 
precedes the development of the ephippial eggs, is already shown 
oy Mr. Lubbock to nave no relation to fecundation. 

" Let me remark on yet another interesting, though perhaps only 
partial, analogy. Yon Siebold has shown that the ova of the 
queen bee produce females or nudes, according as they are 
fecundated or not The fecundated ovum produces a queen or a 
neuter, according to the food of the larva and the omer condi- 
tions to which it is subjected ; the unfecundated ovum pro- 
duces a drone. Now, what have we seen in Aphis ? The fecun- 
dated egg produces viviparous Aphides^ which are the equivalents 
of the neuter bees, and from these are eventually produced 
males and oviparous females. The oviparous females are fecun- 
dated and lay eggs, which produce only viviparous or neuter 
Aphides. On the view whicn Dr. Carpenter and myself take of 
the zoological individual, the whole produce of the single fecun- 
dated ovum of the Aphis is as much the Aphis indiviaual, as it 
is the bee individual. Consequently we have two equivalent and 
related series. 

%^ \ Impregnated ova producing { ??Hp,- ^^^ } 

{ Ova requiring impregnation, and males, 
producing < Females, which give rise to ova requiring 

( impregnation, and males. 
The fact that in the one case the males are developed from pseud- 
ova resembling fully-formed true ova, and in the other from 
pseudova resembling imperfectly formed ova, makes nx) essen- 
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tial difiference in the analogy, but coily demonstrates still more 
clearly the impossibility of drawing any absolute line of demar- 
cation histologically between ova and buds/' 

If this position be established, it becomes evident that gemma- 
tion suffices to produce the same result as the ordinary mode of 
generation in which fecundation plays so important a part 
What, it may be asked, does the bud possess which is not pos- 
sessed by the imfertilised ovum ? and why should fecundation 
be necessary in the one cose and not in the other ? These ques- 
tions have an important bearing upon the modes of reproduction 
in all the lower animals. In the Aphis it would seem that 
the viviparous individual has warmth and abundance of food, 
while the oviparous individuals have a lack of one or both. In 
a second part of his paper, Professor Huxley gives an outline of 
the embryogeny of the Aphis ; but those who require informa- 
tion are referred to the onginal. (Huxley, * On the Agamic Re- 
production and Morphology of Aphis f 'Trans. Linnsean Society,' 
vol. xxii. np. 193—236.) 

It will oe noticed that the soimdness of the above arguments 
mainly rests upon the assumption or proof that the vivipa- 
rously bom individuals are derived from unimpregnated germs. 
From the competence of Professor Huxley, and other persons 
who have taken his view on this point, we may feel confident 
there is no external impregnation, out further investigation is 
required before we can positively assert there is no internal im- 
pregnation. M. Balbiani has vrritten in support of the latter 
view. He maintains that the embryo viviparous Aphides are 
hermaphrodites. Moreover, he finds a similar apparatus in 
many other species which are considered to be partnenogenetic. 
If Balbiani is correct, both parthenogenesis and agamogeuesis 
will have to be abandoned. 

(Comptes RenduSf Ixii ; Annals of Natural History , 3rd series, 
vol. xviii.) 

APTERYX [E. C. voL i. cols. 276, 277]. This genus, which 
is probably on the verge of extinction, presents a remarkable 
combination of characters. In many points it is unusually simple 
in construction for a bird, while in a few it has considerable ana- 
logy with the great Mammalian group. There are few genera in 
which the scapular arch is so sm^, the pectoral muscles so weak, 
the sternum so flat, and the humerus so short and slender ; and 
yet there are few in which the muscles of the legs and external 
mt^;ument8 are so fully developed. The whole osseous frame- 
work, and the muscular development, would alone suffice to 
convince us that the bird possessing them was more terrestrial 
than aerial, a runner upon tne ground, rather than a flier in the 
air. Professor Owen, referring to the cutaneous system of muscles, 
states that it presents a distinct aud extensive development con- 
nected with the peculiar structure of the integument, and probably 
with the burrowing habit of A, austraiis, which thereby possesses 
the power of shaking off the loose earth from its plumage, while 
busy in the act of excavating its chamber of retreat and nidifi- 
cation. The whole of the neck is surrounded by a thin stratum 
of muscular fibres, directed for the most part transversely, and 
its purpose is to brace the skin of the neck, raise the feathers, 
and, with the help of a muscle which passes from the neck to the 
breast bone, to shake them (* Comp. Aiat. of Vertebrates,' vol. ii. 
pp. 109, ilO). The scapular arch m the adult Apteryx is scarcely 
more developed than the same part in the embryos of most other 
genera. It retains in a permanent ossified condition the same 
phase of development which is temporary in the young chick or 
eagle. Combined with its inabibty to fly, there is associated 
another remarkable feature, in which it departs from the preva- 
lent ornithic type, and approaches the more terrestrial vertebrates. 
That feature is the absence of air cells, whereby the bodies of 
most birds are rendered so specifically light, and the presence of 
marrow in all the hollow bones. In trds last point it again 
exemplifies a permanent condition of a phase which is temporary 
in most birds, whose bones are first filled with marrow, and by 
subseouent development become more or less permeated witn 
air. The feathers also of the Apteryx differ from those of birds 
of flisht ; they are loose and pendent, the barbules also are loose, 
and do not lock into one another so as to give that firmness to 
the barbs which is so characteristic of a bird's wing ; and there 
are no accessory plumes. 

The Apteryx was at one time assigned to the order Cursores; 
but of late years many ornithologists have inclined to the belief 
that this order is not a natural group, but that it comprises the 
members of other orders more or less modified for a cursorial 
existence. Professor Owen considers Apteryx to belong to the 
Qallinaceous sub-order. 

There ore probably five species of this genus known, but two 



of them are based upon insufficient evidence. A. Australis occurs, 
though very rarely, in the New Zealand province of Otago ; 
A. Owenii is plentuul in the province of Nelson ; A. Tnaxima, of 
which no specimen has we believe yet been seen, is also supposed 
to exist in the same province ; A, MantelUi is common m the 
North Island ; and there is said to be a fifth species on the west 
coast of the South Island, similar to, but smaller than A, OiDeniiy 
which possesses more slender legs, and a longer bill than that 
species. 

All that appears to be known respecting A, maxima is, that 
Dr. Haast saw some tracks like those made by the common Kiwi, 
but much longer ; and that the whalers say they have seen a 
large Kiwi, which they called * Fireman.' Dr. Haast believes he 
has heard a still larger species in the great forests covering the 
Southern Alps of New Zealand. The call of the bird was so 
loud as to stfiurtle his party from their sleep. 

In 1851 a specimen of Apteryx Mantelhi was presented to the 
Zoological Society of London, and by them placed m their cardens 
in Regent's Park. In 1864, a second specimen was added to the 
first, and both are still alive. A thiid specimen was acquired 
in 1868. Observations made on these specimens, together with 
information obtained from some of the New Zealand natives, 
have added somewhat to our knowledge of the nidification of this 
species. The following extracts from letters written by Messrs. 
Manning and Webster, residents at Hokianga, refer to the state- 
ments ot the natives. Mr. Manning writes : " Several years ago 
an old native who had been a great Kiwi hunter in the times 
when the Kiwi were plentiful, told me a strange tale about tiie 
manner in which the ICiwi hatches its eggs. I, of course, cannot 
vouch for the correctness of the story, but think it worth men- 
tioning. He said the Kiwi did not sit like other birds upon the 
e^, but under it ; first burying the egg in the ground to a con- 
siderable depth, and then digging a cave or nest under it, by 
which about one-third of the lower end was exposed, and so 
lying under the egg and in contact with the lower end, which 
came as it were through the roof of the nest or burrow. The 
appearance of the egg which I propose to send corroborated this 
statement, for two-tmids of its length (the small end) was per- 
fectly clean and white, and about one-third (the large end) was 
very much discoloured and very greasy, evidently from contact 
with the body of the bird. The difference in the colour and 
condition of tne ends of the egg was quit« remarkable, and well 
defined by a circular line passing round the e^." Mr. Webster 
writes : " A fortnight ago, a native out shootmg pigeons^ disco- 
vered a Kiwi's egg protruding out of a small hole at the root of 
a Kawri tree ; removing the egg, he put his arm, to the dbow, 
up the hole, and got hold of the parent bird. The egg and the 
bird I have secured. Does it not appear a strange position for 
the egg to be in ? An old native, who professes to know Bome- 
thing about them, states that they (the Kiwis) lay but one egg 
at a time. The nest is merely a hole scratched out by the bird, 
and generally about the roots of a tree where the ground is dry, 
the egg is covered with leaves and moss, the decomposition of 
which evolves heat sufficient to bring forth the young. The 
process takes six months. When hatchwi, the mother, by mstinct, 
IS at hand to attend to her offspring." The female Apteryx in 
the Zoological Gardens, though unmated, laid her first egg in 
June, 1859, and subsequently nine others. Two were produced 
each year ; one early in the spring, and the second about three 
montns later. She was frequently discovered alxwe the egg, as 
though sitting upon it. Dr. Sclater, from the observations made 
by him, thinks it probable that the Apteryx lays one egg at a 
time, that it is deposited in a hollow tree, that the female incu^ 
bates thereon, and that the Apteryx breeds twice a year. 

(Proc. ZooL Soc. 1863, pp. 234, 235.) 

ARCH^OPTERYX, a genus of birds possessing some 
remarkable modifications of structure, from the Solenhofen 
slates. The earliest evidences of birds consist of numerous 
footprints in the New Red Sandstone of Connecticut, but until 
recently no evidence of a moro positive nature, such as the 
remains of the skeleton, had been found in rocks anterior to the 
Tertiary ; and hence some persons have suggested that the 
Pterodactyles, or flying reptiles of the chalk and oolite, were 
the precursors of the class of birds. For many years past some 
paleeontologists have referred to certain appearances on the 
Solenhofen slates, which they suspected might be feathers ; but 
it was not until about 1861 that an undoubted fossil feather was 
found in these beds. A description and figure of it was pub- 
lished by Meyer in * Leonlu^ and Bronn's Jahrbuch fiir 
Mineralogie,' and in ' Palssontographica,' vol. x. This was an 
important discoveiy, since it afforded indubitable evidence of the 
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that ager The feather hae the eame general charactcriatica as 
tboee developed in the hinla of the present daf. In the same 
Solenhofen heda are found some of the older Bpocies of 
pterodactyl— o fcct which, in the absence of further evidence, 
takes away even the plausibility of the view that there may be a 
genetic relationship between pterodactyles and birds, or Uiat the 
former were the protutypeB of the latter. The feather from 
Solenhofen is rather smaller than some of the larger quill feathen 
of the partridge, and, from its structui'e, probably formed part of 
the wing. The species to which it belonged was named Arckte- 
opUryx lithographica by Meyer, The discovery of the feather 
was soon followed by that of the hucer portion of the skeleton of 
a bird in the same slates, in which the leathers of the wings and 
tail still occupied their original position relatively to the bones. 
This specimen is now in the British Museum, and has been 
elaboral*ly described by Professor Owen in the ' Philosophical 
Transactions' for 1863, and by other writers in many of the 
scientific periodicals. The following woodcnt, from Lyell's 
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' Elements of GeoloOT,' diows the b 

feathers as contrasted with those of j, — . 

tail of Gypi BnaaUmii, seen from above in U, and sideways in 
E, the great tail feathers are ottached to the last three or four 
caudal vertebrm, which are few in number, and very short, while 
the tAil is terminated by the upwardly turned and laterally 
compressed massive plougnshare, or coccygian hone,/. This last 
character is conspicuous in most birds which have a powerful 
flight. In the running birds {Cursoris) the coccygian bone is 
less extended in the vertical direction, so as to lose its plough- 
share shape. In the brevipennate birds, such as the Avteryx 
and the auk, the caudal vertebno are more numerous and reki- 
tively longer, approaching, to a slight extent, the old bird of 
Solenhofen. In all embryonal birds the terminal coccygian bone 
consists of two or mor« separate vertehne, and in the young 
ostrich there are as many as 18 or 20 free caudal vertebrw — a 
character still more nearly approaching that of the extinct 
Archa^tenfx, which has 20 or more in the adult state. It is on 



— a, feature unknown amongst existing birds. On this point 
Professor Owen remarks that " the terminal vertebriB, nngrasped 
by the pelvis in the embryo bird, may equal in number those of 
the ancient feathered fossil ; and if such vertebne participated 
in the ratio of growth of other parts of the skeleton without 
Buhsequent stunting and confluence, they would more or less 
repeat the strange and unique feature in the skeleton of Archa- 
opteryx; but the metamorphosis of the tail which haB taken 
^oce in the bird's skeleton in the transition from the mesozoic 
to the neozoic life periods of the class is analogous to that from 
the protocercal to the homoceroal type of tail, which marks the 
progreas in fishes from the palreozoic to the mesozoic periods." 
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('Anatomy of Vertebrates,' ii. p. 3a) In B. are shown two rf 
the caudal vertebra) of the natural size and shape ; it will be 
noticed bow widely they difier from those of the vulture in their 
great length, their cloi>e siiciilarity in character, and the absence 
of tnuisrerse processes. Another peculiarity of the fossil is Uie 
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possession of two claws or hooks formed of the two digits on the 
anterior margin of the wing. In Professor Owen and Von 
Meyer's occount of the British Museum fossil the cranium is 
saia to be wanting ; but Mr. Evans has detected certain impres- 
sions which he states represrnt part of the cranium and cast of 
the brain. Uo has also detected a jaw, with teeth attached, 
which he considers may have belonged to the ATcluaypUryx. 

Mr. Parker, in his K'cent examination of the skeleton of the 
crested Screamer, a bird described under Palamedba, E. 0., 
notices the number of the caudal vertebra, and states that there 
are ports of its organisation which make it very probable that it 
is one ofthenearestliving relatives of the Xrc/Mcoji(!ryi[OHADNA, 
E. C. S.l The accompanying cut [fig. 2) la an ideal restoration of 
this bird, as given by Professor Owen, 

M. Wagner assigned it to the Reptilian class, with the name 
Ch-i^toiaurui, on what are generally considered to be insufficient 
grounds, Hia argument la, in the main, that the biids as a 
class do not present much variation in their osseous structure as 
compared with the other vertebrate classes. The ArckaxipUrvx 
possesses certain characters which are not to be found in oirda, 
and therefore it should be excluded from the class. We ivill not 
contest M. Wagner's opinion, but will simply observe that there 
is no feature known to exist in the Ardueopleryx which is not to 
be detected in the skeleton of the lining birds. The differences 
chiefly lie in the degree of development of different parts. The 
embijo ostrich has the long tail, and the embryo parrot has 
tubercles in the jaw wliich have much analogy to teeth. It 
is, we believe, very doubtful if the ArclueopterifX really, hud 
true teeth, [Birds, E. C.j 

ABCHENCEPHALA, a name proposed by; Professor Owen for 
one of the four sub-classes into which he divides the great class 
of Mammals, It embraces hut one genua and species, viz., man 
[Homo). Theterms in which it has been defined by ProfeasorOwen 
m liis latest work 'On the Anatomy of Vertebrates,' is as follows: 
In man the brain presents an ascensive step in development, higher 
and more strongly marked than that by which the preceding aub- 
clasa (Gip-mcepnala) was distinguiahed from the one below it {Lit- 
imtxphala). Although in the highest Oyreiuxphala the cerebrum 
may extend over the cerebellum, in man not only do the cerebral 
hemispheres overlap the olfactory lobes and cerebellum, but they 
extend in advance of the one and further back tlian the other. 
Their posterior development is ao marked that anatomists have 
assigned to that part the character of a tliird lobe ; it is peculiar, 
with its proportionally developed posterior ventricular horn and 
hippocampus minor, to the genus Homo. Concomitantly with 
the correspondingly developed anterior lobes of the cerebrum, 
the ventricle ia, in like manner, produced into a hom-hke form 
in advance of the corpus striatum. The superficial grey matter 
of the cerebrum, through the number and depth of the convolu- 
tions, attains its maximum of extent in man. Peculiar mental 
powers are associated with the highest form of brain, and these con- 
sequences strikingly illustrate the value of the cerebral character. 

AUQITE [E. C. vol. i. cols. 341—343]. In the former article 
on this subject the leaaona were given upon which Professor {lose 
founded his opinion that all the species belonging t« the augite 
and hornblende groups should be united jnt« one genus. He 
has since modifi^ his viewa, and proposed that the two groups 
should be kept distinct, hut yet closely connected together. This 
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relationsliip consists in all the species of each group being com- 
pletely isomorphous amongst themselves, and at tne same time 
isomorphous with the corresponding species of the other group 
as regards their crystalline structure, but not so as regards their 
chemical composition. Later chemists, however, have concurred 
with Rammelsbeig in believing that all the species of both 
groups may be expressed by the same general formula, and con- 
sequently that they possess both chemical and crystallographical 
isomorphism. Whether Rammelsberefs hypothesis be correct, 
the remarkable diflferences presented by the species of the two 
srou^s render it most convenient to keep them separate in our 
descriptions. 

The augites are chemically regarded as metasilicates capable of 
being reduced to the general formula M SiOj, in which the 
M stands for a diatomic metal, generally lime or magnesia, 
and less frequently the protoxides of iron and manganese, which 
may replace the former m every proportion. This is the normal 
composition, but there are species of augite which contain a larger 
proportion of silica than indicated in the formula, and also a con- 
siderable proportion of sesquioxides, such as alumina and per- 
oxide of iron. The presence of these ingredients appears incon- 
sistent with the views propounded by Rammelsbeig, and some 
chemists have endeavoured to meet the difficulty by supposing 
that alumina may be isomorphous with the silica. M. Cnarles 
Deville, on the other hand, suggests that such species may be 
mixtures of a normal augite witn an aluminate. 

The augites are distinguished from the hornblendes by the 
cleavage planes being parSlel to the faces M, M [^^. 1, Augite, 
E. C], and consequently at an angle of about 87°, by fusing at a 
higher temperature, by their vitreous appearance and less bruUant 
lustre. The cleavages are less perfect in augite than in horn- 
blende, and generally occur in an oblique direction and parallel 
to the laterS faces of the primary pSsm. Another distinctive 
point is that the augites cleave in a direction parallel to their 
base, whereas the hornblendes do not. This character is not a 
convenient one, since many augites and hornblendes which are 
composed of thin laminar crystals appear to cleave in this direc- 
tion, but in such cases the planes are planes of separation, not 
planes of cleavage. There is also a (ufference in the mode of 
crystalline development ; for, although theoretically, it is true 
that all the fonns of crystals yet met with in augites and horn- 
blendes may be derived according to certain demiite crystallo- 
graphical laws from the same primary form, yet practically the 
crystalline forms of augites have not yet been met with amongst 
the hornblendes. Moreover, the optical properties of the two 
classes of crystals are strikingly different. We may also mention 
here that generally speaking the hornblendes are more generally 
distributed amongst the plutonic rocks, while the augites usually 
form part of the volcanic igneous rocks. In some rocks, such as 
the basalt and trachyte of Etna, the two minerals are foimd 
together. 

With this general view of the differences between the augite 
and hornblende groups, we will pass on to the species. 

DiopMe is a Hme-magnesia augite which is transparent and 
colouness when pure, as in the case of the variety called Alalite, 
from Ala, in Piedmont. Generally, however, it is coloured by 
the protoxides of iron and manganese. The crystals are commonly 
translucent, and of various colours, from pure white to greyisn 
white, yellowish white, greenish grey, and clear grey. They are 
doubly refracting, and the angle of the two axes is 59*. There 
are several varieties distingui^able by slight differences of colour 
and structure ; thus white Coccolite occurs in saccharoidal lime- 
stone at numerous European and American localities ; Mussite 
forms translucent or opaque greenish prismatic crystals in serpen- 
tine ; Traversellite forms iai]ge, deep, green prisms, longitudinally 
striated, near Traversella, Piedmont ; and the Asbestiform diopside 
derives its name from the loosely aggregated parallel fibres of 
which it consists. This last variety is fr^uently called asbestos^ 



owing to the difficulty of distinguishing it from the corresponding 
asbestiform variety amongst the hornblendes. 

DiaUage, — This species has not been very accurately define<l, 
but the term is generally applied to certain greyish-green crystals 
which contain about equal proportions of lime and magnesia ; by 
an increase in the proportion of lime it passes into diopside ; and 
by an increase in tne magnesia it passes into diaclasite. Diallage 
also is richer in protoxide of iron than diopside. It forms smsdl 
laminse, sometimes in jade and sometimes m serpentine. In the 
first case, which is most frequent, it becomes an essential ingre- 
dient of diallage rock and euphotide. 

Attgite, or basaltic augite, as it is frequentlv called, is a bisili- 
cate of lime, magnesia, and iron, and is usually of a dark green 
or black colour. It sometimes contains alumina, which in some 
specimens amoimts to 12 per cent It contains more iron than 
most of the other augites, and hence its colour is also darker 
than usual. It forms short and well defined crystals in such 
rocks as basalt, dolerite, black porphyry or melaphyres, and also 
in many lavas. Many of these rocKS are largely composed of 
augite in a non-crystalline state ; for example, dolerite is a 
mixture of labradorite and augite, in which the proportion of the 
latter may vary from 10 to 40 or 60 per cent. In other rocks 
also the uncrystallised portion of the augite far exceeds in amoimt 
the portion which is crystallised. Leucite rock is a compound of 
leucite and augite, and Iherzolite consists almost entirely of 
augite. 

In looking over the chemical analyses of the augites it will be 
noticed that nearly all contain as essential ingredients, or as 
accidental impurities, four oxides, viz., those of calcium, manga- 
nese, iron, and magnesium. And it is probable they may be 
mixtures of the four simple bisilicates, WollasUmite, the bisiUcate 
of lime [WoLLASTONiTB, E. C] ; Enstatite, the bisilicate of mag- 
nesia ; ithodoniUj the bifiolicate of manganese [Manganese, £. C.J ; 
and QruneriUj the bisilicate of iron. Two of these were not de- 
scribed in the Cyclopsedia, and we proceed to describe them here, 
in order that the characters of all these dlicates may be compm^ 
with those of the more complicated augites. 

Enstatite is a bisilicate of magnesia (M^, SiO^), which was 
formerly confounded with scapolite, but it is at once distin- 
guished from it by its infusibility with the blowpipe. It is also 
essentially distinct from PyraUoliUy which is a hydrated bisili- 
cate of magnesia and an alteration product of augite. Enstatite 
is anhydrous when pure. Its colour varies from greyish white 
to slightly greenish or yellowish. The crysttds are derived from 
a rhombic prism, in which the angles are 93° and 87°. It cleaves 
most easily along planes parallel to the faces of the prism of 93°, 
while other cleavages occur parallel to the diagonal section of 
the same prism. H. = 5*5 ; and sp. gr. = 3*12. When pure it 
contains 59*71 per cent, of silica, and 40*29 of magnesia. It is 
then greyish or yellowish white, with a vitreous or pearly lustre 
along the planes of cleavage. When protoxide of iron replaces 
a portion of the magnesia the tints become greenish and brown, 
and as the proportion increases we pass on to specimens with a 
bronzy lustre. These form the variety Bronztte, which in the 
typical specimens contains 40 per cent, of ma^esia, and 10 per 
cent, of protoxide of iron [Bronzite, E. C.]. Enstatite is found 
crystallized in serpentine at Mount Zdjar in Moravia, and at 
Mount Bezouars in the Vosges. 

Griinerite is a nearly pure iron augite (Fe SiO,), found at 
CoUobri^res in the department de TAude, France. It is of a 
greyish colour, asbestiform, and with a specific gravity of 3-7. 
The specimen analysed by M. Griiner gave, 

Silica 43*9 

Protoxide of iron 62*2 

Magnesia i*i 

Lime -fi 

Alumina 1-9 

A pure specimen would give 46*12 per cent, of silica. 
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BAL^NICEPS. This genus of birds was described by Mr. 
Gould in 185] ; but up to the present time only one species, 
B, rex, has Ijeen discovered. In 1860 two specimens were for- 
warded by Mr. Petherick to the Zoological Society of London, 
and were the first to be exhibited in Europe. This remarkable 
bird has its home amidst the swampy morasses and shallow 
lakes of Central Africa, where it collects in small groups of from 
three to one hundred. Mr. Petherick gives an account of their 
habits. " If frightened," he says, " and fired at, they rise in 
flocks high in the air, and after hovering and wheeling around, 
will settle on the highest trees, and as long as their disturbers are 
near will not return to the water. Their roosting-place is, to the 
best of my belief, on the ground. Their food piincipally is fish 
and water-snakes, which they have been seen by my men to 
catch and devour. Thev will also feed on the inteistines of dead 
animals, the carcases of which they easily rip open with the 
strong hook of the upper bilL The breeding-time of the Bakeni- 
ceps is in the rainy season, diiring the months of July and August, 
and the spot chosen is in the reeds or high grass, immediately on 
the water's edge, or on some small elevated and dry spots en- 
tirely surrounded by water. The birds before laying make a 
hole in the earth, m which, without any lining of grass or 
feathers, the female deposits her eggs. As many as a dozen eggs 
have been found in the same nest. 

The structure and appearance of this bird are so extraordinary 
that much discussion nas been expended in endeavouring to 
determine what its affinities are. Accoixling to some its nearest 
ally is the boat-bill, Cancromay of South America [Boat-Bill, 
E. C. voL L] ; Mr. Reinhardt contends it is the Scopus of South 
Africa ; anu others would place it either among the cranes or 
storks. The main peculiarities of BaUeniceps relate chiefly to the 
structure and conformation of the skull. The bones are unuuimlly 
thick, and there are few birds in which the projections for the 
attachment of muscles are so large. The upper surface of the 
skull is smooth, flat, and even concave at its anterior half. The 
eyeball is so large that the upper margin of the orbit rises above 
the middle part of the skull ; and the skull itself is so short that 
the anterior marpn of the orbit is advanced more forward than 
in most of its allies. The bill of this species is one of its most 
remarkable features ; it has been thoroughly examined by Mr. 
Parker, to whom we are indebted for the following description. 
The mai^inal outline of the great upper jaw of the Balanicept 
much resembles that of the leaf ot magnolia grandifolia. Its 
length is more than twice its breadth, whilst in the boat-bill the 
breadth is more than half the length, the upper jaw of the 
latter being more outspread. The decree of arcmng of the upper 
jaw is intermediate between that of tne boat-bill and that of the 
stork {Ciconia). The gradual rise of the mesial ridge to form the 
great terminal hook, the crescentic notch forming the inferior 
margin of the beak, and then the graceful outward curve of nearly 
the entire mandibular mardn, give great elegance to the lateral 
aspect of the upper jaw. At the end of that margin we have the 
commencement of the great cheek-bone, which is nearly two 
inches long, half an inch broad, and one quarter of an inch thick. 
Such a magnitude of the zygomatic arch as this is perfectly 
unique in the class of birds, bemg more like the development of 
the same part in most mammalia, in the crocodiles, and in the 
turtle. In the enormous heads of the larger horn-bills^ the cheek 
bones are not half the size they attain in the Bakeniceps, The 
OS quadratum or tympanic bone, which forms so beautiful an arti- 
cular m^um between the cranium and lower jaw in birds, is 
strong and well developed. This bone and the little pterygoid, 
which intervenes between it and the palatines, have very much 
the character of the same bones in the heron and adjutant ; but 
the palatine bones themselves, coalescing at the mid-line, and 
sendmg downwards a strong keel at that part, are exactly inter- 
mediate in structure between that of the adjutant and the 
pelican. These bones and the pterygoid at their point of jimc- 
ture are beautifully scooped out to receive and gude under the 
strong beam of bone which forms the base of the interorbital 
septum. The great strength of all the bones forming the upper 
maxillary apparatus is in perfect harmony with what is known of 
the habits of the creature. In this respect it has no peer among its 
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congeners, and no superior except among some of the large 
pan-ots. But the latter birds, although they possess the most 
perfect fronto-maxillaiy hinge, have nothing in their tympanies 
or makr bones at all comparable to those of the Balctniceps. 
Perhaps the most elegant part of this biixi's structure is tne 
hard palate, formed for the most part by the coalescent maxillary 
bones ; the nmxillaries in birds, as in typical fishes, having a very 
backward position, and often inferior development. Just inside 
the margin of the posterior angle, on the under surface of this 
great upper jaw, the bone is cut away, as it were, to receive the 
coronoid portion of the lower jaw. This excavated part is con- 
tinuous anteriorly with a deep groove, margined internally by a 
short ridge, which gradually rises inside the palate to pass for- 
wards in a sigmoid manner to the base of the great terminal 
beak, where it meets the submesial groove in the upper surface 
of the jaws. In the common heron these palatine submarginal 
lines exist, being covered in the homy sheath by sharp ridges. 
These ridges have their fullest development in the green turtle. 
The occipital condyle is here spherical and large, and the base 
of the skull has a very exquisite structure, which deserves full 
description, as it exceeds anything we have seen in birds, the 
heron making the nearest approach to the Balceniceps in this 
particular. Many other birds, however, show traces of this 
peculiar structure. The lower jaw is exceedingly strong and 
thick as compared with that of the adjutant Less elliptical and 
more triangular tlian that of the boat-bill, it has, nevertheless, 
many of the characters of the latter. Its tip is curiously emar- 
ginate, as is also the tip of the upper jaw, the bony basis of the 
great hooked beak. The traces of suture between the dentary 
and other elements of the mandible, which are persistent in the 
boat-bill, adjutant, and most other birds, are all filled up with 
bony matter, as is the case in the parrot tribe, in the horn-bill, 
and in the toucans. The anterior part of the mandible passes 
within the maxilla, the edge of its bony sheath fitting between 
the marginal and submarginal ridge of the latter. Where the 
upi)er jaw begins to narrow towards its angle, there the mandible 
rises higher (its height or depth here being 1 J inch), and it is 
rounded, rough, and strong. It then lowers again, and becomes 
rapidly broader to form the deep and wide articular cavities 
for the tympanic bone above, and the broad flat angukr pro- 
cesses behind and below. Each ramus of this great inelastic 
mandible is united to its fellow at the symphysis by complete 
bony union to the extent of l\ inch. In the extremely emstic 
mandible of the pelican, this line of bony union is one-eighth of 
an inch in length ; in the boat-bill, one-fourth of an inch ; in the 
adjutant, 4^ inches ; and in the horn-bill (Buceros bicornis), more 
than seven inches. (' Proc Zool. Soc.,^ 1860, p. 326.) Mr. Parker 
also treats in detail of the vertebrae, the sternum, and limbs of 
tlus species, and comes to the conclusion that it is strictly an 
Ardeine biid. Reinhardt, on the other hand, judging fix)iu 
external characters only, decides that Batamicem is most nearly 
related to Scopus, He dwells more especially on the close 
resemblance between the beaks of the two species. In both, he 
remarks, the nostrils are shaped in precisely the same way ; viz., 
as narrow, almost imperceptible, slits. In both the cuunen is 
separated throughout its whole length from the sides of the 
bill by a deep, narrow groove or furrow, and both terminate in a 
powerful hook. 

BALANOPHORACE^ or BALANOPHORE^. [E. C. 
voL L 373.] This small but remarkable order of plants now 
comprises about 40 species, distributed amongst 15 genera. From 
the wide difference which these genera present among themselves, 
the order, as now known to us, appears to be a remnant only of 
what its full development would be. The intermediate forms 
have in all probability, once had a being, but have died out in 
past ages, or if they still exist, are now flourishing undiscovered 
m the dense damp woods of the warmer zones of the globe. 
They have generally been regarded as nearly allied to the curious 
root parasites, the JRc^fflesuicecB, But Dr. Hooker's careful exami- 
nation of extensive collections of specimens from all parts tends 
to show that they are exogenous nowering plants, in which the 
various oigans have a remarkably simple structure. The flowers 
are generally umsexual, eminently polymorphous, and not- 
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withstanding their simplicity of structure, possess a high degree 
of morphological diflferentiation. In Dr. Hooker's opmion the 
Balanophorea belong to the epigynous Calycifl<yra!, and should 
be placed near the ffaloragece. He supports this opinion by 
referring to the following affinities between the two groups : — 
(1.) Between CynomoHum and Hippuris in the one epigjTious 
stamen on an ovarium, consisting of one carpel with a solitary pen- 
dulous ovule and simple style. (2.) Between the Distyli and 
Haloragece a relation is established through the Australian genus 
Laudoniaj which is a verj*^ peculiar form of the latter order, 
having four styles and only one cell to an ovarium containing 
one or two pendulous ovules. The tendency to suppression of the 
ovaria, comoined with the constant presence of their styles, and 
the styles of the suppressed ovaries beins in all respects similar 
to those of the developed ovary and equally perfect, is a very pe- 
culiar character, and is frequent in HoUorageaSy though not confined 
to them : it is very conspicuous in Gunnera. The greater tendency 
to imperfection in the female than in the male flowers of Hahr- 
agecB is also a marked featiire shared by Balanophorece. (3.) 
Between Gunnera and Lophoph^um the aflinity is so close, that 
the female flowers of these genera might be mistaken for one 
another ; and the male flowers of Lophophytum in their two 
stamens, linear anthers and basal short filaments, are absolutely 
identical with those of several species of Gunnera ; in the sub- 
genus Misandra especially, the male flower often consists of only 
two small sessile calyx looes, with two alternating stamens. (4.) 
If the female inflorescence of Gunnera and Lophophytum be 
compared, the afl^ty may be very easily perceived ; in each, 
short conical branches of the flower head project laterally from 
a stout axis, and are subtended by a large bract, and studded with a 
dense mass of flowers, which consist of an adherent perianth, no 
trace of rudimentary stamens, two styles, and a one-celled ovaiy 
with a pendulous ovule, whose integument in ripening contracts 
an adhesion to the inner wiJl of the cavity. (6?) The tendency 
to a dimerous or tetramerous arrangement of the parts oi the 
flower so conspicuous in all Haloragece and in Gunnera is 
common to the Helosidete and Lophophi/tea, 

It will thus be seen, that there is no relation between these 
plants and the Fungi, They differ from them completely in 
structure, in their slowness of growth, and in lasting for 
from one to several years. They grow from seeds, and are not 
propagated by bags of spores as stated by Endlicher. They 
abound most in the dense forests of the warm latitudes of Asia and 
America, but are usually met with on the slopes of the moimtains 
rather than in the low-lying plains. Some species occur at 
considerable altitudes, and far within the temperate latitudes. 
Thus one species, Cynomorium coccinum, occurs as far north as the 
41st degree of latitude in Europe. The distribution of the genera 
is thus indicated. Myetropetalon^ Sarcophyton, Thonningta are 
African ; Cynomorium occurs throughout the whole Mediterranean 
area, and in the Canary Islands ; Balanophora extends over the 
Indo-Malayan region from Ceylon to the Himalayan moimtains, 
and as far east as the New Hebrides ; Rhopalocnemis occurs in the 
Himalayan region ; Langsdorffia^ Lophophytum^ Scybalium, Sphce- 
rorhizon, PhyUocoryney UorynoBO, and Helosis are American ; and 
Dactylanthus is a New Zealand genus. Many of the species have 
so much wax in their cells that they are used as candles. Thus 
the stems of Langsdorffia hypogasa are used as candles on Saints*- 
days in the churches of Bogota ; and Balanophora elongata is 
used for making candles in Java. (J. D. Hooker, Linnean Trans. 
xxii. p. 1—68, 1859.) 
BARYTO-CELESTINE. [Strontia, E. C. S.l 
BARYTO-STRONTIANITE. [Strontia, E. C. S.] 
BASALT. [E. C. vol. i. col. 392—395; Giant's Cause- 
way, E. C. vol iL cols. 1012, 1013.] This rock is defined by 
Cotta as being " A compact rock, nearly or quite black, witn 
dull conchoidiu fracture ; an apparently homogeneous compound 
of which the essentials are labradorite ^or nepheline), augite, and 
magnetic iron ore. frequently united with carbonates ana zeoUtic 
substances. In the compact mass there often occur prominently 
distinct grains, or even crystals of olivine, labradorite, augite, 
and magnetic iron ore." It has a certain amount of resemblance 
to dclerite and leucite rock. The first differs from it in being 
granular, and in having a somewhat lower specific gravity ; while 
the second contains leucite in the place of the labradorite. An- 
amesitej Analcymite, and ThoUite are varieties of dolerite ; Hauno- 
phyry is a variety of basalt ; and Dunite is a variety of leucite 
rock. 

Basalt has the same elementary composition as dolerite, but 
differs from it in containing water and volatile matter. It is 
generally very compact, but occasionally it is somewhat cellular. 



the cellules are large and rounded, and differ from those of 
dolerite which are small, irregular, distorted, and close together. 
This variety is sometimes called vesictUar scoriaceous basalt, or 
basaltic lava, and is w^ell exemplified by the basalts at Wolfsbei^ 
in Bohemia, at Velay in France, and by the Rouge Roche, near 
Puy-en-Velaye. The last-mentioned example closely resembles 
the scoriaceous lavas, yielded by active volcanoes, but it differs 
from them in containing water. M. Delesse regards this as an 
important difference, and rightly so, if, as he asserts, the water 
not derived from infiltration, but belonged to the rock 
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when it underwent aqueous fusion. Basalt possesses but little 
lustre, the paste is generally lithoid and granular, but under 
certain circumstances it acquires a slightly vitreous lustre by 
metamorphism. The olivine' and augite have the same vitreous 
lustre, and other characters possessed by them when developed 
in lavas and furnace slags, but the labradorite, instead of poesessmg 
a vitreous lustre, has a peculiar waxy one combined with a 
greenish colour, and an easy cleavage ; it also contains water, which 
Delesse considers to be an indication that it was developed in an 
hydrated rock. This may be thought by some to be confirma- 
tory of the view that the properties oi basalt are due to its 
having been erupted beneath the sea ; but although it is true 
many basalts have been so erupted, the presence of the sea does 
not appear to be essential, since the basalts of Auvergne were 
certainly ejected when the district was dry land. These basalts 
are compact in the lower parts of the sheets, so that no greater 
pressure was required to give it such compactness than is due 
to its depth. 

The metamorphic action of basalt on other rocks has been 
carefully studied by M. Delesse. Although it is undoubtedly a 
volcanic rock, there are instances in which it appears to have 
produced no metamorphic action. For example, at Garlse^en 
m Germany, a thread of basalt traverses a metalliferous lode con- 
taining copper-pyrites, and zinc blende, without having produced 
any effect on these minerals ; and at the Louise mine, Siegen, 
framnents of spathic iron are embedded in basalt, which appear 
to have undergone no other alteration than a slight chan^ of 
colour. In the Alte Birke mine, close to the last, a vem of 
basalt repeatedly cuts a seam of spathic carbonate of iron, but in 
this case there has been a strong metamorphic action. The 
basalt varies foom one to six feet in thickness, and is itself some- 
what altered on the side nearest the metalliferous veins. The 
part of the veins which touches the basalt is converted into mag- 
netic oxide of iron ; beyond this comes a band of black and 
partiallv-altered carbonate ; and lastly, at a distance of several 
mches from the basalt, is the unaltered carbonate. The basalt, 
on the other hand, contains olivine, iron pyrites, arsenical iron, 
22 per cent, of carbonate of iron, and 7 per cent, of organic 
matter. The change undergone is certainly great, but there is 
nothing to show that heat affected it rather than aqueous 
agency, and the reducing action of organic matter. However, 
there are numerous facts which show that the metamorphic 
action of basalt is, in most cases, due to heat ; as, for example^ 
where coal has been converted into coke ; ordinary limestones 
rendered saccharoidal ; porous rocks, such as grit, impregnated 
with zeolitic crystals ; and argillaceous rocks rendered lithoid, 
cellular, or amygdaloidaL 

In dolerite the paste is anhydrous, more or less magnetic, 
cellular, and of a grey or blackish colour. In anamesite, the 
structure is so fine-gramed that no distinct crystals are visible to 
the eye, but in ordinary dolerite, crystals of labradorite and 
augite are readily detected. The labradorite occurs in white 
transludd and fractured tabular crystals, and possesses a vitreous 
lustre ; these characters at once oistinguish it from the labitt- 
dorite of basalt. The augite occurs in black or greenish-black 
crystals, having a vitreous lustre. Olivine and hornblende 
are also sparingly developed, and likewise have a vitreous 
lustre. Tne magnetic iron ore sometimes occurs in distinct 
octahedrons, but zeolites and carbonates are rare, and generally 
absent. The matrix itself is made of the same ingredients, but 
chiefly of labradorite and augite ; the proportions, however, vary 
considerably in different specimens. Dolerite, like basalt, has 
an energetic metamorphic action on other rocks. It converts 
combustibles into coke, decomposes limestones or renders t^em 
granular and crystalline, calcines argillaceous and felspathic 
rocks, and vitrifies quartz and granite. It is abundant m all 
countries, especially in volcanic districts, and is produced by 
active volcanoes, as in the case of ^tna, whose lava principallT 
consists of labradorite and augite. In addition to the minerals 
mentioned above, dolerite also contains, as accessonr ingredientSL 
nepheline, sodalite, melanite, mica, bronzite, hornblende^ oliyineu 
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specular iron, &c Analcymite contains analcime, and is pro- 
bably an altered dolerite. 

Leucite rock is a compound of leucite, aiigite, and magnetic 
iron-ore, and is usually of a lighter grey tint than dolerite and 
basalt, and in addition to leucite and augite, it may also contain 
crystals of dark magnesia-mica, sodalite, sanidine, labradorite, 
nepheline, olivine, nauvne, garnet, ajpatite, and zeolites. It 
forms the lavas of several volcanoes, as, for example, of Vesuvius ; 
but it has not been met with under circumstances indicating a 
high geological antiquity, nrobably on account of the readiness 
with which leucite is altered into felspar, nepheline, and 
kaolin. 

BEAR [E. C. vol i., cols. 401—415]. There is little to add re- 
specting the living species of Bears, of which a synopsis has been 
recently published by Dr. Gray of the British Museum. (* Proc. 
ZooL Soc' 1864, p. 677.) In E. C. a portion of the family Ursidce 
was treated of under Bear, and a portion under URSiDiB ; but, 
for the sake of convenience, we reproduce here Dr. Gray's defini- 
tions of all the cenera of the group, in order that it may be seen 
what relation tne Bears proper have to the rest of the Ursine 
fomilv. 

Section I. Bbachypoda. Toes straight, daws exserted. 

A. Tail very short ; body massive ; limbs short ; nose short ; 

teeth 42. UrHna, 
a. Sea Bears. Soles of the feet hairy, with a few bald 
pads. The tubercular grinder longer than the 
nesh-tooth. Lips slightly extensile. Cutting- 
teeth, |. Ears rounded, hairy. 

1. Thalassarcios. Nose of skull produced, longer than 

broad. Front false grinders small ; far apart. 

Upper tubercular moderate. 
5. Land Bears. Soles of the feet bald ; callous. Out- 
ting teeth, fl. Lips slightly extensile. Cover of 
nostrils, moderate. Eaxs rounded, hairy. Under- 
side of the. base of the toes, hairy. 

2. XJrsus, Nose of skull produced, longer than 

broad ; rounded above. JForehead convex, sepa- 
rated from the nose by a cross line. False 
grinders far apart, smau. Palate flat Brain- 
case swollen. Lower jaw, moderate. 

3. Mvrmarctos, Nose of the skull produced, much 

longer than broad ; flat above. Nose, forehead, 
and front of crown all on one line. False 
grinders far apart, smaU. Palate concave. 
Brain-case compressed. Lower jaws lai^e, 
elongate. 
4 Helarctos. Nose of skull very short, as broad as 
long, forming a line with the forehead. False 
grinders crowded, large. Palate broad, flat 
e. Honey Bears. Soles of the feet bald ; callous. Cut- 
ting teeth, }. Lips very extensile. Nostrils large, 
with a large cover. Front of palate bent up. Ears 
tufted. Under-side of base oi toes bald. 
6. Melursus, Nose of the skull produced, longer than 
broad, rounded above. False grinders far apart. 
Upper hinder tubercular, short 

B. Tail elongate ; body and limbs moderate ; teeth, 40. 

* Head elongate ; nose produced, mobile ; under-side 

convex, rather bald ; without any longitudinal 
central groove. Ncuuina, 

6. NfMua. 

* * Head ovate ; nose short ; under-side flat, hairy, 

with a central longitudinal groove. Pracyonina. 

7. Procyon, 

Section II. Dendropoda. Toes short, arched ; claws 

retractile. 

A. Tail prehensile ; soles bald. Cercoleptina. 

8. Cercoleptes 

B. Tail bushy ; soles hairy. AilurifM, 

9. AUurtLs, 

The article Bear, E.C., relates to what are called in the 
above synopsis Ursina, The following is a list of the species 
describe by Dr. Gray, a few notes being made upon some of 
the forms. 

1. Thakuscvrctoa mariivmus, Siebold mentions it aa a member 

of the Japanese fauna. 

2. Ursus arctos. Four varieties, and several sub- varieties are 

noticed by Dr. Gray. One of the varieties is named 
grandis. It occurs in the N. of Europe ; and a specimen 



of it lived upwards of ten years in the Zoological Gardens, 
Regent's Park. It is (juite as large as U. ferox ; and Dr! 
Gray is inclined to believe it will turn out to be a distinct 
species from U, arctos. Another variety is coUaris, 
noticed in E. C, vol. i, coL 407, as U. collari^. It has 
been found in Kamtchatka, Amoorland, and Japan. 
This species has been gradually diminishing in, and retreating 
froni, its old haunts. It no longer roams through the Alps ; the 
last indigenous specimen having passed out of existence in 1595, 
or shortly after. It was also towards the end of the sixteenth 
century that the brown bear was extirpated from the island of 
Corsica. The evidence bearing on this point consists of certain 
documents in the archives of most of the Corsican towns. Some 
of them are public notifications of the appointment of certain 
persons to the office of himters of bears, boars, and stags. A trans- 
lation of one of these is given by Aucapitaine in the * Revue et 
Magasin de Zoologie,' Second Series, xiv. p. 262. It is dated 
July 28, 1572. It states that bears attack the flocks, and stags 
and wild boars ravage the crops belonging to the inhabitants of 
Vizzaid ; and beseeches the governor of Corsica to allow a certain 
person selected by the people of Vizzani to carry an arquebuss, 
in order that he " may defend and preserve our flocks, and pre- 
vent our ruin from the ravages of tne bear, wild boar, and stag." 
It is probable the bear did not exist long after this date, since 
there is no evidence of its existence in the island after the end of 
the sixteenth century. 

3. U, iMhellinuB, 

4. U, Syriacus, 

5. U, iorquatus. This is the U. Thibetanua of E. C. voL L col. 
407. 

6. U, Japonicus. This is believed to be a new species from 
Japan. Its fur is black, short, dense, and shiny ; the hair on the 
sides of the neck is long. The face is clothed with short hair. 
The ears are large, and the head short and round. There is an 
ill-defined white line on the throat. Its habitat is Japan. 
Specimens have been exhibited in the Zoological Gar&ns, 
Regent's Park. 

7. U. Formosanwnu This is supposed to be a distinct species, by 
Swinhoe, who states that it dwells in the high moimtains of 
the interior of Formosa. It is intennediate in size between U, 
jap(micus and U. torquatua ; and, according to Dr. Sclater, it is 
scarcely distinguishable from the latter in external appearance. 

8. C/. inornatua. It is a native of Ceylon. 

9. U, dnereuB, It is the U, ferox of E. C. vol. i. cols. 405 
etseq, 

10. U, horriacetis. This is the barren ground bear of E. C. vol 
L col. 403. 

11. U. Americanus. 

12. U. cinnamomeus, 

13. Myrmarctos Eversmanni, The ant-bears have long been 
overlooked. They have generally been considered to be the 
same as the brown bear. Eversmann recognised the difference as 
long ago as 1840, when he stated that '^ in the ant-eating bear 
the skull is more elegantly formed [than in U, arctos]. The 
anterior level of the frontal bone forms a plane with the nasal 
bone ; the forehead also does not stand forwards, and forms no 
depression, but is flat. The molar teeth are narrower and longer ; 
the zygomatic arch is thinner and more slender ; altogether the 
entire skull is proportionally longer, not so high, and not so 
robust as in the carrion eater {Xfrsus arctos)" The species is a 
native of Norway. Probably a second exists in Eastern Siberia. 

14. Helarctos Malayanus, A native of Sumatra, Borneo, Java, 
and the Malay peninsula. 

15. H, suryrKintu, A specimen is so named in the Academical 
Museum of Lund, whicn is said to have been brought from 
Hungary. 

16. H. Growtheri. A north-west African species. 

17. H. omatus. It is the same as the Urstu omatus of K C. 
voL i. coL 405. 

18. Melursus labiattu. 

In entering upon the consideration of the fossil bears, we are 
met by the difficulty as to what is to be considered a species, 
and what are the rules whereby we should be guided in the deter- 
mination of specific forms. What reasons can be brought forwsuxi 
for accepting or rejecting the opinions of Cuvier or of BlainviUe ? 
Cuvier admitted three fossil species, vis., U, meUeus, U, arctoi- 
deus, and U, friscus. Subsequently other authorities added U. 
Pitorriiy U. gtganteus, and U, Uodiensis. De Blainville regarded 
all these six species as one only ; and, moreover, he held the 
opinion that the recent U, arctoSy U. Americaniu, and U, ferox, 
are varietal forms of the same comprehensive type. Whatever 
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be the position we may adopt between these two extremes, there 
is unquestionably a certain amount of variation in form and 
proportions in the different individuals bom of the same mother, 
in tne different members of the same race, in the different races 
or breeds of the same variety, and in the different varieties of the 
same species. If mere divergence of characters is held to con- 
stitute the basis of the several zoological groupings, what amount 
is deemed requisite to separate species from species ? and is the 
amount whicn suffices to separate one bear from another, similar 
in extent to that which is acknowledged to be sufficient to sepa- 
rate one species from another in the allied group of digitigrade 
carnivores] Or again, it may be asked if specific distinction 
may not depend rather upon the constancy of the divergence 
of character, than upon the amount of divergence itself ? and if 
it can be admitted that the amount of difference which dis- 
tinguishes one species of Felis and another is not greater than 
separates two varieties in the genus Ursw ? These are questions 
which we shall not attempt to answer ; but they may be usefully 
borne in mind in considering the details wmch follow. The 

SalsDontologist has a far more difficult task than the zoologist in 
etermining specific forms. The former generally has but a 
few osseous fragments of a few individuals to assist him ; while 
the latter usually has opportunities of studying the external 
characters and habits of thousands of individuals. Hence it is a 
great advantage when a few living forms can be studied, and the 
data supplied by them used in forming our opinion respecting 
the congeneric forms that have passed away. This task has been 
partially done for the genns JJrsus, M. Delbos has made a most 
elaborate examination of Ursus arctos, Ursus speUeus, and other 
extinct forms bearing specific names ; but it yet remains for 
some anatomist to make a similar examination of the structural 
conformation of the species which still co-exist with U. arctos. 
Few persons are better fitted for the task than M. Delbos him- 
self, who is, we believe, zealously prosecuting it. In his first 
paper (Annales des Sciences Naturelles, 4th Series, voL ix. p. 
155-223) he gives details respecting almost every bone in the 
brown bear of the Pyrenees, and compares them with what is 
seen in the dog, which is taken as the type of the digitigrade 
carnivores. As an example of his mode of treating his subject 
we will condense his remarks upon the skulls of the two species. 
The palate is triangular in the dog, whereas it is like a quadri- 
lateral whose fore angles have been rounded off in the bear. The 
space between the pterygoid crests of the bear is nearly two- 
thirds the "width of the palate, and one-fourth of its length. In 
the dog it is only one-half as wide as the palate, while its length 
does not exceed one-third that of the palate. The mastoid pro- 
cess is attached to the temporal, and forms a prominent Imob 
immediately behind the meatus auditorius, or ear-aperture. A 
large prismatic tubercle, which fonns part of the occipital, and 
in front of which passes the squamoso-occipital suture, is con- 
nected with a rid^e on the squamosal, and completes the mastoid 
process. In the dog the mastoid process is not on the squamosal, 
out on the occipital, and in some instances it is not developed at 
all on one side. The pre-maxillaries rise somewhat beyond the 
middle of the nasals, so as to be articulated with a triangular pro- 
longation of the frontaL From this point, the frontal-maxillaiy 
suture ascends as high as the posterior third of the orbit, from 
whence it again descends, obliouelv, to the lachrymal, which is 
entirely within the orbit. In tne aog the pre-maxillaries do not 
ascend above the lower third of the nasal bones, and are not 
connected with the frontal. The incisive foramina are entirely 
in the pre-maxillaries which slope under the portion of the 
palate formed by the maxillaries. Between these two foramina 
and one situated more backwardly, is a third much smaller, 
situated on the suture of the two incisive bones, and which does 
not exist in the dog. In the dog, also, the maxillaries contribute 
to form the boundary of the incisive foramina. The malar is 
somewhat more prominent at the base of the zygomatic arch. 
The zygomatic process does not extend as far as the postorbital 
process, as in the dog. The palatine enters more laroely into the 
lormation of the orbit. From its articulation with the pre- 
sphenoid, in front of a round foramen, its maigin is straight as 
far as the lachrymal bone. The pre-sphenoid is, on the odier 
hand, much smaller. After it has contributed to form tiie 
spheno-orbital foramen the ali-sphenoid terminates at a slight 
distance therefrom, being intersected by the squamosal and 
palatine. In the dog the ali-sphenoid advances much farther, 
and even as far as the postorbital processes. The basi-sphenoid 
reaches farther into the temporal fossa and orbit ; its ala, pointed 
anteriorly, stretches beyond the optic foramen. It is articulated 
below with the frontal and pre-spnenoid. In the dog it is inter- 



sected in front by the two bones just named. The lachrymal 
canal is formed by the lachrymal and maxillary bones ; and 
is placed on the anterior edge of the orbit just above the origin 
of the zygomatic arch. In the dog it is entirely formed in the 
lachrymal ; it is situated in the orbit and behind the upper branch 
of the suborbital. The suborbital foramen is much nearer the 
root of the bone so named ; it there forms a slope situated above 
the penultimate molar. It emerges in the orbit, as in the dog ; 
but it occurs on the line of separation of the palatine and max- 
illary, and the lachrymal does not contribute to its formation. 
The posterior subor&tal foramen, the remnants of a membranous 
space which is liable to be obliterated with age, is situated 
between the lachrymal and anterior suborbital foramen on the 
suture of the lachiymal with the palatine. It is at the anterior 
angle, and less within the orbit than in the dog. The spheno- and 
pterygo-palatine foramina have the same position as m the dog. 
The second opens upon the palate by three channeLs. The 
anterior channel terminates in the interval bet^pen the two last 
molars on the suture of the palatine with the maxillajy, and is 
continued forward as a groove on the palate, which widens and 
shallows imtil it vanishes ; the middle channel is narrow, and 
like the posterior one. which is still smaller, is situated in the 
palatine. The orbital foramen is smaller than the optic, and 
these, together with the spheno-orbital and round foramina, are 
arranged lineally below a ridge which extends from the upper 
edge of the spheno-orbital foramen to the postorbital process of 
the frontal, and which has no existence in the dog. The oval 
and round foramina are pierced, as in the dog, in the basi- 
sphenoid ; the spheno-orbital foramen is on the suture of the 
basi- with the pre-sphenoid ; but the optic and orbital foramina 
are excavated in the frontal. In the dog the optic foramen is in 
the pre-sphenoid. The apertures of the Eustachian tube and 
carotid canal are very small, very irregular, and protected by a 
plate forming the anterior edge of the tympamc bone. The 
lower jaw, independent of the teeth which it supports, has charac- 
ters which suffice to distinguish between genera, and even species. 
In Ursua arctos the two rami meet at an angle of from 55° to 60^ 
Each ramus, measured from the front alveolar edge to the back 
part of the last molar, is two-thirds of the total length, measured 
from the alveolar edge to the centre of the condyle. These pro- 
portions would, however, necessarily vary according as the indi- 
viduals had long or shovt snouts. Near the symphysis there are 
numerous perforations for the passage of minute arteries. A short 
distance from the symphysis, towards its upper third, is a large 
foramen on either siae ; but their existence is not constant 
The ramus is depressed behind the canine, and in the space 
which separates it from the first molar. There are three mentary 
foramina. The first two, in close apposition, are placed below 
the diastema, the anterior being in the upper tliird, while the 
middle one, and largest, is near the middle portion of the jaw. 
The third, somewhat isolated from the others, occurs below the 
interval between the first and second molars. The masseteric 
fosses are shallow, and in the form of a triangle with a rounded 
apex, whose base is formed by the posterior margin of the max- 
illary. The two sides of the triangle are form^ above by the 
slightly-raised ridge which constitutes the anterior edge of the 
coronoid process, and below by a still less marked swelling 
which merges into the angular process. On the inner surface 
the dentary canal is well developed, and situated just below the 
anterior edge of the coronoid process, behind the vertical de- 
pression on the posterior maigin of the last molar, and at about 
equal distances from the upper and lower maigin of the max- 
illary. The coronoid process approaches a right-angled triangle 
in general outline, the convex anterior edge representing tLe 
hypothenuse ; while the concave posterior maigin fonns alarge 
sigmoidal curve. Below this cun^e, and in a line with the molar 
teeth, is the condyle, with its very short neck. Below the con- 
dyle is a second curve, which is nearly semicircular. It separates 
the condyle from the angular process, the point of which is 
turned somewhat inwardly. Its lower maigin merges into the 
external face of the maxillary, and forms the lower boundary of 
the masseteric fossa. The inner surface of this process presents 
a rough patch of an elliptical form, which is doubtless the place 
where the inner pterygoid muscle is inserted. The curve which 
separates the angular process from the lower edge of the max- 
illary is terminated anteriorly by a minute pyramidal projection, 
which is sometimes bituberculated, and which is situated just 
beneath the orifice of the dentary canaL Its apex, which points 
backwardly, limits a groove which proceeds inwardly, and which 
probably protects a facial artery. In front of this process com- 
mences the long straight space on which the mylo-hyoidean 
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muscle is inserted. From the above-mentioned process the 
lower margin of the jaw is slightly convex as far as the extremity 
of the mylo-hyoidean impression ; it then continues straidit to 
the symphysis, when it makes a sharp curve to form the chin. 

In the dog the two rami meet at an angle of 30^ The dentary 
portions form nearly three-fourths of the total length of the 
maxillary. There are only two mentary foramina, placed one 
behind the other, a little lielow the mid height. The anterior 
one is the largest, and occurs under the first premolar, while the 
second is under the third. The masseteric fossa is much deeper, 
more sharply defined anteriorly by the ridge on the forepart of 
the coronoia process, and below by that which extends to the 
angular process. There is, moreover, a third well-marked ridge, 
"wmch commences at the jimction of the two already mentioned, 
and stretches to the external margin of the condyle. This 
ridge is absent in the bear ; it is bounded above by a triangular 
rugose surface situated beneath the main fossa, and which re- 
ceives a portion of the masseter muscle. The orifice of the 
dentary canal is much nearer the condyle and below the mid 
height of the maxillary. The coronoid process is rather more 
eloped in a backward direction, so that it acquires more the 
shape of an obtuse-angled triangle. The small sigmoidal curve 
is snorter ; its contour resembles that of a semi-ellipse bisected 
along its major axis. The angular process is nearly m the same 
plane as the maxillary, while in the bear it is on a line with, 
sometimes even slightly below, the lower margin of the maxillary, 
and it projects a little beyond it exteriorly. There is no tubercle 
on the lower mai^n marking the place of insertion of the mylo- 
hyoidean muscle, so that the regularity of contour of this margin 
is unbroken from the angular process to the chin. 

The author then proceeds to notice the difference presented 
by the 40 vertebrae which compose the vertebral column, of 
which 7 are cervical, 14 dorsal, 6 hmibar, 7 sacral, and 6 caudal, 
and points out the admirable modification and specialization of 
character which they undergo as we pass from the neck to the 
taiL The sternum, the ribs (of which there are 14 on each side), 
the scapula, the long bones of the fore limbs, the long bones of 
the hind limbs, the numerous metacarpal and metatarsal bones 
are successively described ; and the elaborate memoir is termi- 
nated by tables, in which are indicated the dimensions of each 
portion of the skeleton. 

Having formed a clear idea of the features of the ursine 
skeleton, and having satisfied himself that it was possible to 
assign characters whereby almost every bone in the skeleton of a 
dog could be distinguished from the homologous and analogous 
bones in the skeleton of a bear, he extended nis inquiry by com- 
paring the ursine and the feline skeletons. The lion was 
selected because the cave-lion and the cave-bear have left abun- 
dant remains in the bone-caves of Europe, and because the 
cave-lion is the only species which approached the cave-bear in 
size, and whose bones were likely to l>e mistaken for those of the 
bear. The result he arrived at was, that with the exception of 
the least specialised bones, such as the ribs and the sternal 
pieces, every fragment of the skeleton could be assigned without 
hesitation to the genus to which it belonged. 

Advancing a step further, he endeavoured to ascertain whether 
or not he could trace osteological differences of specific value, in 
accordance with the results obtained from external characters. 
As this part of the inquiry coidd only be based upon an exami- 
nation of Uving forms, he selected the four Cuvierian species, 
viz., U. arctoSf U, niger, U. Amerieanus, and U. maritimuSf as the 
special subjects for investigation. They differ unequally from 
one another ; thus U. marttimtu differs far more from the other 
three than they differ among themselves, while U, arctos and 
U, niger resemble one another more than either resemble XJ* 
Amertcanus, The whole amount of difference is, however, com- 
paratively so slight that all the species must be regarded as 
closely allied forms. This difference is less in extent than 
between the cat and the lion, which are universally admitted to 
belong to the same genus. 

On examining individuals of the same species it was found 
that they vaiied accortling to age^ sex, and idiosyncrasy. The 
variations presented themselves in four distinct ways — in the 
configuration, in the relative pi-oportions of the different dimen- 
sions, in the proportions relatively to other parts of the skeleton, 
and in the absolute volume. Two homologous bones are said to 
have the same configuration when their processes, foramina, 
ridges, articular surfaces, muscular indentations, are similar in 
number and position ; and if the pieces are of a compound 
nature, such as the cranium or pelvis, when the bones composing 
each are similar in number and relative apposition. In this 



respect no essential differences could be detected within specific 
limits, whether the species was a Felis or an Ursus. In ascer- 
taining the variations in the dimensions of the same bone, one of 
the dimensions was selected as the unit, in terms of which the 
variation was estimated. In tlus respect the brown bear pre- 
sented notable differences. The most constant characters appear 
to be the relative widths of the cranium and face, and of the 
zygomatic arches ; the next most constant were the width of the 
forehead, the height of the point at which the temporal crests 
met, of the most projecting and most depressed parts of the 
cranium, and of the nasal bones. All the other parts varied in 
the ratio of 2 to 3, or even 1 to 2. In the long bones the 
width of the upper end of the tibia may vary in the propor- 
tion of 3 to 4, and that of the lower end of the femur in the 
proportion of 4 to 6. As respects the relative proportions of 
the bones one to another, the relative size of the legs is kno^vn to 
vary according to age and sex, and even in the individuals 
derived from tne same mother. The absolute size also presents 
variations. Many instances are known in which young bears 
not more than three years old have exceeded their mother in 
size. The length of the cranium may vary in the ratio of 4 to 
6 ; that of the humerus in the ratio of 3 to 4, and so on with 
many other bones. Moderate differences of size cannot, there- 
fore, be accepted as indicating in themselves any specific dis- 
tinction, since acknowledged individuals of the same species 
miiy differ by as much as one-third. 

Turning our attention next to the four species of bear above 
mentioned, they vary in all the four ways indicated. The dif- 
ferences of configuration are but slight. The temporal and sagittal 
crests are slight or absent in U. arctos and U. maratimus ; but 
well marked in U. niger and U, Amertcanus, The nimiber of 
teeth is the same in all ; but the internal tubercle of the 
first true molar above is rudimentary in U, Malayanus, but is 
more developed in other species. The small premolars which are 
spaced out in most species are inserted close together in the 
bear of Java. The bear of the Cordilleras resembles the genus 
Felis in having a foramen in the inner condyle of the humerus, 
but this foramen is wanting in all the four Cuvierian species. 
In all other respects there is no difference of configuration ; 
there are the same sutures, the same connections, the same 
foramina placed in similar positions. In the genus Felis the dif- 
ferences of configuration are greater. The first two lower molars 
are tnlobed in the panther and leopard, and four lobed in the 
cheetah ; while in the lynx the smiedl anterior molar is absent. 
Again the tenth and eleventh dorsal vertebras present marked 
differences in the lion and in the domestic cat. The variations 
in the relative proportions of the homologous parts are so great 
in individuals that it is difficult to distinguish the features 
which are more especially determinative of the species. Thus the 
variation in the sizes of the heads of all the four Cuvierian 
species is not greater than is met with in U. arctos alone ; and 
yet we can distmguish {!) the polar bear by the elongate and 
cylindrical form of its nead, the greater straightness of its face, 
the longitudinal depression in the middle of its muzzle, and the 
slight elevation of the cranium above the face ; (2) the brown 
bear by its longer face, its more irregular forehead, by the more 
marked yet uniform curvature of its face, and by its generally 
convex forehead ; (3) the black bear of Europe by its yet longer 
muzzle, the prominence of its eyebrows, and its flat forehead ; 
and (4) the American bear by its short muzzle combined with a 
convex forehead. The characteristic differences thus appear to 
be the relative lensths of the cranium and face, the widtn of the 
skull, its height, tne length of the temporal crests, the more or 
less conical form of the muzzle, and the width of the forehead. 
They are, however, to a certain extent obscured by individual 
variations of a similar character. As regards the variations in 
the relative proportions of different parts of the skeleton, the 
polar bear is at once distinguishable by its long neck and body, 
and the great size of its fore and hind feet. Absolute size is a cha- 
racter of great importance in the genus Felis, but of far less im- 
portance among Dears. In short, the living species of bears 
mentioned above are distinguished (1) by slight differences in the 
configuration of the bones, such as cranial crests, teeth, perfora- 
tion of the humeral condyle ; (2) by the different proportions of 
the homologous parts, such as the relative length oi cranium and 
face, width of the head, height of the profile, &c. ; (3) by diffe- 
rences in the proportion of parts relatively to the whole body, 
such as the lengtn of the necK, body, feet, &c. ; and (4) by diffe- 
rences of size. 

It now remains to be seen whether differences of a similar 
kind are or are not to be detected amongst fossil bear 
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bones ; but we should mention that M. Delbos lestricts his 
attention more particularly to Z7. priscusy U. speUmis, and U, 
arctoideits. U, pnscus differs from the two other fossil species 
more than the living species differ among themselves. In 
maturity it has the small premolars which are absent in the 
other two species ; its forehead is depressed and not marked 
with elevations, the profile is lower and regularly arched, and its 
size is constantly less. The two other species correspond in 
stature and the absence of the small premolars. In U. Bpelaus 
the forehead is raised far above the base of the nose ; its tem- 
poral crests rapidly unite and amalgamate with the sagittal 
crest ; and its inner humeral condyle is perforated. U. arctoideus 
has a more depressed forehead, longer temporal ridges, smaller 
canines; and its humerus, which is smaller, does not nave a per- 
forated condyle. But can the two larger forms be re^rded as 
distinct species ? Cuvier says there are two kinds of jaws, but 
Delbos says they do not oiffer more than do the jaw bones 
amongst the individuals of one and the same recent species ; 
Cuvier appeals to the two kinds of radii, femurs, and tibias, 
one of which is long and slender, the other short and stout ; but 
Delbos says he has seen as great a difference and even greater 
differences, not only in different breeds, but even in the different 
families of the same breed of brown bear. So far there is no- 
thing to warrant the assertion that they indicate distinct species. 
As to the perforation of the humeral condyle it would certainly 
be an important character if it were constant. Cuvier had only 
seen it in one bone, while it was absent in hundreds of others 
obtained from the same caves which supplied the two kinds of 
crania. At present then it can only be accepted as an accidental 
phenomenon. The two kinds of crania do not differ much. The 
prominence of the forehead is greater in U, spelcBua than in 
17. arcioidem, and in the last it is greater than m all the living 
species. But it should be remembered that the size of the 
frontal sinuses upon which this prominence depends varies 
greatly according to age and between one individual and 
another. The point at which the temporal and sagittal 
crests unite approaches nearer the forehead in proportion as 
the sagittal crest is elongated with age. The volume of the 
cranium is not a tnistworthy character, since there is much 
individual variation in this respect. Hence M. Delbos be- 
lieves U, arctoideus to be nothing more than a variety or race 
of U. 8pel<mis, Upon similar grounds he believes U. Pi- 
torrii is only a large race or variety of U, speUeus, The 
U, giganteus of Schmerling is the same as U. Pitorrii; his U, 
spckeus minor is a variety of U, spdctus; and the same remark 
applies to 27. Uodiensis, M. Delbos, then, admits but two species 
of bears from the caverns of Europe, viz., U. prisons and U, 
speUeuSy while U, arctoideus is a variety of the latter. Next 
comes the specific identity or non-identity of ?7. spelc^us with 
U, arctos ; and this may best be seen by a consideration of the 
four kinds of differences. U. spelasus differs from U. arctos 
by its more prominent forehead, its stronger ridges, and by 
the curvature of the profile being less depressed towards the 
occiput. In U. spelccus the lower external mcisor has its outer 
lobe more detached from the principal eminence ; while the 
upper external incisor slopes more rapidly on the inner side. 
The small premolars have an exceptional existence both above 
and below. The first lower true molar has its principal tubercle 
rather anteriorly placed, and there are two tubercles, instead of one, 
on its inner margin. Of the two tubercles the anterior one is 
wanting in the brown bear. The large molars have more com- 
plicated and 'more numerous ridges. U. spelceus has the basal 
portion of the cranium more irregular in outline than U, arctos. 
The temporal fossae are deeper, the face is proportionally longer, 
the temporal ridges meet sooner, the osseous plate of the palate 
extends farther back. The palate itself is narrower, the muzzle 
is more compressed, straighter, and less tapering; the forehead 
is narrower, more prominent; the profile is less curved, and the 
soft parts of the nose are more developed. These results are 
calculated on the assumption that the length of the basilar 
line is unity. The first upper true molar has the crown one- 
fourth longer than wide. The lower antepenultimate true 
molar is somewhat narrower in front. The femur is propor- 
tionally much larger ; the tibia is more massive. All the 
metacarpal bones are thicker by one-third or one-half; the 
metatarsal bones are one-third larger, and the phalanges are much 
larger. The extinct species is remarkable for the relative short- 
ness of its fore and hind limbs, and by the great width of its 
feet, more especially the fore-feet. The radius was about one- 
thiid shorter than the same bone in U, arctos^ while the tibia was 
one-fifth shorter relatively to the size of the animal. Hence the 



extinct species stood lower on its legs. The feet had relatively 
the same length as in ?7. arctos, but the fore-feet were half as 
wide again, and the hind-feet one-sixth wider. As regards 
absolute size the extinct species was far larger than the brown 
bear. The head was one-third longer; the lower iaw was seven- 
tcnths longer, the humerus two-fifths longer, the radius and 
cubitus one-fourth, the femur one-half, and all the other bones 
much longer in the large variety of U, spelaus than in U, arctos. 
The bones were also uniformly of stouter build. The smaller 
variety was also longer than U, arctos, but the differences were 
not so great as in the previous varieties. Thus, its lower jaw 
was two-fifths longer, the humerus two-sevenths, and so on with 
the other bones. In all these cases the measurements assigned to 
U, arctos are those of the brown bear of the Pyrenees, but there is 
a large race which approached the cave-oear in size ; but 
the largest skulls of U, speUmis are one-half as large again as the 
largest skulls of U. arctos; the humerus was two-sevenths longer, 
but the radius and tibia had the same length. In the smaller 
variety of U. spelceus the humerus had the same length as in the 
variety arandis of Dr. Gray; while the femur and tibia are 
absolutely shorter. But if individuals of U. spektus and U. 
arctos var. grandis of similar dimensions were placed side by side, 
the former would be at once distinguished by its bulkier build 
and the greater massiveness of its bones. From these data M. 
Delbos considers that U. spelceus is specifically distinct from U. 
arctos. That U, spelceus is really a custinct species from all the 
living forms is supported by the following considerations : It 
differs from the four principal living species by the absence of 
the small premolars, by an additional tubercle on the first 
lower molar, by the more elongated shape of the first upper 
molar, by the anterior narrowness of the lower antepenultimate, 
by the prominence of its frontal convexities above the root of the 
nose, and by the greater relative size of its extremities, more 
especially tnose on the fore limbs. It differs from U, arctos by 
its longer muzzle, relatively to the cranium, by the greater 
prominence of its sagittal and temporal ridges, by the more 
rapid union of the latter, by the narrowness of the base of the 
cranium, by the width of the zygomatic arches, by the greater 
elevation of the whole of the profile above the basilar line, 
by the sudden uprise of the profile above the nose, and by the 
more concave outline of the cranium from before to behini It 
comes near to the black bear of Europe in the prominence of its 
ridges, and the length of its muzzle, but its crests converge more 
rapidly, its zygomatic arches are not so far apart, its profile is 
more elevated, and its forehead is more prominent as well as 
more convex. It is distin^shed from the polar bear by its 
longer face, its more dilatea eyebrows, the greater elevation of 
the cranial portion of the profde, and its more tapering muzzle. 
The polar bear has the cranium less elevated above the muzzle 
than in any other species of bear. It differs from U, Americanus 
by its cranium being shorter relatively to the face, its shorter 
temporal ridges, as also its wider and higher head. These 
characters are quite as decided as those which are held sufi&cient 
to distinguish the living species one from another ; and as those 
relating to the dentition and prominence of the forehead are far 
more decided, it is concluded that the fossil species differ more 
from the living ones, than they do amongst themselves. If the 
living species are really distinct, the extinct forms have a still 
higher claim to specific rank. 

(7. priscus difi^rs from U, spelceus. It has no frontal pro- 
minence ; the small premolars are constant ; the first lower 
molar has one tubercle less, and its principal cone is situated in 
the centre, not anteriorly ; and the first upper molar has a 
longer crown. The cranium is flatter and lower ; the profile has 
a more regularly convex curvature, and the skull of the adult is 
one-third shorter. It differs from the living species in the same 
degree as they differ among themselves, and ahoidd consec^uently 
be entitled to specific distmction. To a certain extent it com- 
bines characters which are distributed -amongst the living 
species. Thus it resembles the brown bear in its profile, the 
black bear of Europe in its flat forehead and elongated muzzle, 
and U, Americanus by the prompt juncture of its temporal 
cresta. But it differs from all in the width of the cranium at 
the temples and occiput One of the omissions in the paper of 
M. Delbos is the exclusion of the grizzly bear from his living 
types ; an omission which has been supplied by Prof. Geo. Busk. 
Ue states that in the size, proportions, and form of the teetli, 
and in cranial characters, U, priscus cannot be specifically dis- 
tinguished from U, ferox. 

It might be interesting to describe the pathological malcon- 
formations of the bones of extinct species, smce they frequently 
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afford indications of affinities. The subject has been discussed 
by several authors, but we must content ourselves with recom- 
mending the reader to consult the work of Dr. Zeis, entitled 

* Beschreibungen mehrerer Kranken KnockenvorweltlicheThiere, 
&c/ published in 1856. 

The species which have been mentioned in the previous part 
of this article are either in existence or were living in the latest 
geological or post-pliocene period. As yet, few remains of an 
ursine type have been foimd in strata of an earlier date, but of 
the few the most interesting is the lower jaw-bone obtained 
from certain beds in Greece, which are assigned to the miocene 
period by Albert Gaudry. This bone combines characters 
which are now disassociated in the living world, some being 
distinctive of the plantigrade, while others form some of the 
characteristic features of tne digitigrade carnivores. Some of the 
teeth closely resemble the homologous teeth in the genera Canis 
and Felts, while the configuration of the lower jaw corresponds 
with the same part in the bears. In the miocene beds at 
Eppelsheim, a lower jaw, having the same generic characters, 
has been discovered, which Dr. Kaup namea Gulo diaphorus ; 
but M. Gaudry points out that it is not a Gulo. He names the 
new genus Metarctos, and hence the Eppelsheim species will be 
Metarctos diaphorus. The Grecian jaw bone may or may not be 
specifically identical with that of Eppelsheim, so that for the 
present it is simply referred to the genus. Perhaps we ought 
to mention Ardocyon primcsvus in this place, since it is said to 
combine the characters of the bear and the kinkajou (Cercoleptes). 
Its remains have been discovered in the oldest beds of the 
Parisian tertiary basin. 

There are a few other extinct species, or reputed species, 
which chiefly flourished in the post-pliocene, but of which no 
mention has been made. Consioerations of space prevent any 
detailed notice of them ; but they will be briefly referred to in 
connection with the few remarks we have to make on the 
geographical distribution of extinct or fossil bears. The most 
common form is the lar^e variety of Ursus spelaus, which roamed 
in vast numbers throughout the greater portion of the Europeeo- 
Asiatic continent in post-pliocene times. The remains found 
probably represent only a very small proportion of the total 
number of individuals that once existed. Dr. Buckland's obser- 
vations on the black dust of Kuhlock cave has been alreadv 
quoted in E. C, but this cave is only one of hundreds in which 
niis species contributed equallv lai^ely to the dust of death. 
Thus, upwards of 4,500 bones of U. speUtus were obtained in one 
year from a single cave near Odessa, and Delbos obtained 
portions of at least fifty individuals from a very limited portion 
of the cave of Sentheim. We should here mention that all the 
deposits referred to in E. C., voL i., coL 414, are either of post- 
phocene age, or their age has not been determined. They may 
all be ranked as post-tertiary. This alteration is due to the 
meaning of the word tertiary being somewhat more restricted 
now than formerly. At one time geologists spoke of all strata 
later than the secondary, as being of the tertiary age ; but now 
these same beds are separated into two groups, tne older retain- 
ing the term Tertiary, while the more recent are Post-Tertiaiy. 
For further particulars as to the localities where remains of U. 

?)€Ubus have been found, we refer to Caves, E. C. S.. and Post- 
uocENB, E. C. S. ; while under Man, E. C. S., allusion will 
be made to the evidence adduced to prove that the cave-bear did 
not become extinct until after man's appearance. In the more 
southern parts of Europe the cave-bear was either non-existent 
or very rare ; the genus was represented by other species, such 
as that whose remains have been found in the caves of Gibraltar, 
the south of France, and Italy. The most southerly locality 
we know of for U. rpekeus is Rome. The U. Bourguignati of 
Lartet has only been found in Central France ; while the 
U, planifrons of Denny has not been detected beyond the limits 
of Great Britain. U. jBourgui^nati is a new species described by 
Lartet in the * Annales des Sciences Naturelles,' 5th series, tome 
viii., of which description the following quotation from the 

* Quarterly Journal of the Geological Society of London,' is an 
abstract: "This beards skull differs remarkably from all the 
living members of the genus, except the Ursus maritimtu, and 
fix)m all the fossil ones with the exception of the Ursus priscus 
of Goldfuss, and the Ursus planifrons of Mr. Denny. From these 
three also it is separated by points of difference which M. Lartet 
believes to be ot specific value. In the U, Bourguignati the 
palate is much narrower than in U. priscus. The two series of 
molar teeth do not converse so much, and their number is dx on 
each side, on account of tne pernstence of the two small simple 
premolars, of which one is situated in front of premolar 4, and 



the other immediately behind the canine. In other respects 
there is the same dental arrangement as in l^. prisaiSy except 
that the diastema between the two small premolars is greater. 
The camassial or premolar 4 has its antero-extemal lobe higher, 
and its internal talon is less developed. The difference between 
the true molars are less strongly marked, and therefore more 
difficult to determine. A comparison with Ursus planifrons 
shows that the palate of that animal is proportionally much 
wider than in the French species. Nothing can be predicated ol 
the form of the teeth, because they are all wanting in the former 
skulls. In the Polar bear the palate is narrower than in the 
French species ; the two rows of molars have the same nu- 
merical formula (but instead of converging in front as in the 
two preceding fossil species with which U. Bourguignati has 
been compared, they approach one another behind), the diastema 
between tne two simple premolars is longer, and premolars 3, 4, 
true molars 1, 2, occupy less space in the alveolar edge, while 
their transverse diameters are greater. In the camassial tooth 
the internal talon is smaller, and instead of being raised by a 
stout tubercle, it presents normally only low rounded bosses on 
a base but slightly extended backwards. 

BIRDS [E. C. vol. L cols. 460—474]. In the original article 
the matter is arranged systematically. It begins with the bony 
framework, and then passes to the muscles and integuments 
which are supported thereby. It describes the organs by which 
the food is subjected to those physical and chemical agencies 
through whose mediation it is adapted for the reparation of the 
tissues. The instruments by which the system communicates 
with the external world, such as the brain, the eyes, ears, and 
other sensory media are also noticed ; and separate sections are 
devoted to the reproduction and migration, the classification, 
and the geological distribution of this class of beings. We do 
not propose to take up each of these points for further considera- 
tion, although much might be written about all of them ; but 
we prefer to devote the most of our space to a few remarks on 
the classification of birds, and on their distribution in space and 
time. 

Whenever we take up the study of a biological group the 
points which first press upon our attention are the relations be- 
tween the species, genera, and families ; and the characters by 
which these groups may be determined. As yet naturalists 
have scarcely settled wnat a species, or genus, or family, or 
indeed any other group, really is. Some say these are conven- 
tional terms which have no counterpart in nature ; while others 
are convinced that species, genera, and families, are natural 
groups, although there is frequently a difficulty in distinguishing 
them. This should not surprise us, seeing that there are few 
well established rules of classification ; and that classifiers not 
only have different aims, but pursue those aims in different 
ways. When the object is simply to help a fellow-student to 
ascertain what creatures are indicated by tne names which have 
been assigned them, a very different and much easier mode of 
procedure is required than when the object is to give a correct 
idea oif the homologies and analo^es of organized beings. Not 
only are the results obtained widely discrepant, but the two 
kinds of classifiers have totally different notions of what is meant 
by a species, genus, or family. In the one case the characters 
and names Indicate little more than the group of individuals 
which the classifier has studied, and he may consider it as im- 
material whether you call it a genus or family, as whether you 
choose to sort a set of papers into a parcel marked A or 1. In 
the other case the desire is to bring like and like next to each 
other, to separate thoee which are unlike by an interval as great 
as corresponds to their difference, and to give groups of tlie same 
value the same name. Many difficulties, however, present them- 
selves, and not the least among them is what we may term the 
personal equation of the value of characters ; each man having 
nis own estimate of the value of a given amount of difference. 
If there were a graduated difference throughout organized nature 
— that is, if, on the supposition that 100,000 species were 
created, and were arrangea m a natural order from 1 to 100,000, 
the difference between tne fourth and fifth species were the same 
in kind and amount as between any other species having con- 
secutive numbers — classification would be easy. If a few species 
were extinct, we should be able to infer how many were required 
to fill Uie saps, and what their natural place in a classification. 
But in such cases all terms of a higher value than species would 
be merely arbitrary, without anytmug corresponding to them in 
nature. If many forms had become extinct, and had left no 
fossil remains, the living forms would occur in groups marked 
off one from the other in the classified arrangements. Such 
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groups might be considered to be b^r some the natural exponents 
of terms oi higher value than species ; but, on the supposition 
we started with this would be an erroneous view. If^ on the 
other hand, we suppose the 100,000 species were created differ- 
ing from one anotlier unequally both in kind and amount, there 
would clearly be far more difficulty in ascertaining what degree 
of difference is of specific value, and if many of the former were 
unknown to us, it would not be easy to say whether the apparent 
groups were or were not natural groups corresponding to terms 
of higher value than a species. But in nature we have other 
phenomena which greatly mcrease the classifiers difficulties. One 
IS that in many groups, and birds are amongst them, the sexes 
differ more from each other than the sex of one species from the 
corresponding sex in another. This has been the source of so 
many glaring mistakes that some naturalists have endeavoured 
to work out their classifications on a different principle. They 
consider the degree of difference as of subsidiary importance, and 
give the first place to the degree of constancy in a character or 
group of characters, however slight or trivial they may seem. 
But whichever principle be employed, there still remains a cer- 
tain haziness about the ideas attached to the words species, 
genus, family, &c. The best principle of classification we 
believe to be the last mentioned, proviaed it be based upon all 
the characters presented during the lifetime of each sexual 
modification of tne species. 

These preliminary remarks are to a certain extent irrelevant 
here, but they have some bearing upon the classificatory value 
of the group of birds. It has long been considered as one of the 
five vertebrate classes, and therefore equivalent to the mammals 
or the fishes ; but, if we compare birds with mammals, we find 
there is a far greater range of difference among the latter than 
among the former, and that a family of mammals presents a 
wider extent of variation than a family of birds. From this 
point of view the class of birds appears to correspond rather 
with an order amongst mammalia ; and tliis is the opinion which 
has been adopted by MM. Blanchard, Isidore Geoffroy St. Hilaire, 
Professor Owen, and others, in accordance with which they call 
families what are usuallv termed orders. Thus the order Gullince 
of Bona})arte corresponds in principle with the family GaUidas of 
Blanchard. On the other hand, we observe that birds possess at 
least one character the constancy of which indicates that they 
may be an order in a class distinct from all the other existing 
classes. This character is the possession of feathers. If we 
grouped the vertebrates by a single integumental character, we 
should at once distinguish mammals by their hair, birds by 
their feathers, and the other vertebrates either by their scales 
or by the absence of any of the above-mentioned features. 

If the rules of classification now in vogue were correct, each 
student should arrive at essentially the same result ; but although 
we find that almost all classifications agree in general plan with 
that first proposed by Belon upwards of three centuries ago, still 
scarcely any two are alike. With few exceptions, all recognise 
the land birds to be distinct from tlie water birds. Many agree 
in subdividing these into groups, usually termed orders, which 
present considerable similarity as regards one classification and 
another; but the greatest dMerence lies in the distribution of 
the minor groups amongst the orders. In the E. C. much pro- 
minence is given to what are termed circular arrangements, out 
this method of classification finds little favour now. The classi- 
fication which has for long been adopted in this country is Mr. 
G. R. Gray's modification of that proposed by Vigors, but even 
this does not meet with general satisfaction. We have not space 
to examine or give outlines of the numerous classifications that 
have been started of late years, and will, therefore, confine our 
attention to a few. 

The first we will notice is that adopted by Professor Owen in 
his * Anatomy of the Vertebrates,' vol. ii., 1866. 

AvBB. — Animal, vertebrated, oviparous, biped. Pectoral 
limbs oraEinised for flight Inlegunient, plumose. Bloody red, 
warm. Respiration and circulation double. Lungs, fixed, perfo- 
rated. Negative characters, no ear conchs, lips, teeth, epiglottis, 
diaphragm, fornix, corpus callosum, scrotum. 

Ordek I.— Natatores. 

Swimming birds. Toes united by a membrane. Legs placed 
behind tiie equilibrium, and body covered with a thick coat of 
down beneath the feathers. 
Families. 
1. Breviptnnatm. Examples : Penguin, auk, guillemot, 
grebe. 



2. Longipennatce, Examples : Skimmer, tern, mew, gull, 

petrel, albatross. 

3. Totipalmatce, Examples : Pelican, gannet, cormorant, 

anhinga, frigate bird, tropic bird. 

4. Lamellirostratw, Examples : Duck, goose, swan, fla- 

mingo. 

Order II. — Grallatoreb. 

Wading birds. Legs long, naked from above the distal 
extremity of the tibia downward. 
Families. 

1. Macrodactyli, Examples : Coot, rail, crake, screamer, 

jacana. 

2. Cxutrirostres, Examples : Boat-bill, crane, heron, ibis, 

stork, tantalus, spoon-bill. 

3. Longirostres, Examples : Gambet, avocct, snipe, ruff, 

tumstone, sandpiper, godwit, curlew, 

4. Pressirostres. Examples : Oyster-catcher, thicknee, plover, 

lapwing, bustard, courser. 

Order III. — Rasorbs. 

Scratching birds. Feet strong, provided with obtuse claws for 
scratching up grain, &c. Upper mandible vaulted ; nostrils 
pierced in a membranous space at the base, and covered by a 
cartilaginous scale. Nest rude. Sternum with four, rarely two, 
deep fissures. 
Sub-orders. 

Gallinaceiy or Clamatores; Polygamous. Examples : M^a- 
pode, peafowl, partridge, quail, pheasant, ganga, 
grouse, pintado, tmamou, turkey, curassow, guan. 
(hlunwacei, or Oemitores; Monogamous. Examples : Dove, 
goura, vinago. 

Order IV. — Cantores (Oscines), 

Singing birds. L^ short and slender, with three toes before 
and one behind, the two external toes being united by a very 
short membrane. Sternum with one notch on each side ; manu- 
brium bifurcate. Larynx, 6-muscular. The brain arrives in 
this order at its greatest proportional size, and the oigan of voice 
here attains i ts utmost complexity. N ests complex. Eggs usually 
coloureil. Monogamous. 

Families. 

1. Dentirosires, Examples : Manakin, shrike, wren, wag- 

tail, warbler, tlirush. 

2. Conirostres. Examples : Paradise bird, crow, starling, 

bunting, tit, lark, finch, grosbeak. 

3. Tenuirosires, Examples : Sun bird, nuthatch, creeper. 

4. Fissirostres. Examples : Swallow, martin. 

Order V. — Voutores. 

Moving solely by flight Skeleton light, and highly pneu- 
matic ; sternum with a simple inanubiium and a deep keel, in 
some entire, in most with two hind notches on each side ; 
larynx triniuscular ; intestinal cajca usually absent or lai*ge ; 
wings powerful, in some long and pointed ; legs small and weak, 
with few exceptions not used in locomotion ; with the back toe 
short, sometimes turned forward (Cypselus) or wanting {Ceyx) ; 
the outer toe is reversible in some (Trogon), in others umted to 
the mid-toe as far as the penultimate joint. Many nidificate in 
holes of trees or in the earth ; the eggs are white and sphericaL 
They are monogamous. The head is large, and in most the 
beak is remarkable for its length or width, or both. The gape is 
wide ; the food is taken on the wing. 

Families. Examples. 

1. Cypselidce, Swift. 

2. TrochilidcB, Humming-bird. 

3. CaprimtUgido^, Nightjar. 

4. Trogonidct, Trogon. 
6. Prionitidce, Mot-mot. 

6. Meropidw. Bee-eater. 

7. Galbulidce, Jacamar. 

8. Coraciada, Roller. 

8. Capitonidai. Pufi'-bird. 

10. Auedinidie, Kingfisher. 

11. Bucerotidce, Horn-bill. 

Order VI. — Scansores. 

Climbing birds. Toes arranged in piiirs, two before and two 
behind. Most oviposit in holes of decayed trees, larynx tri- 
muscular. Monogamous. 
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Families. Examples. 

1. JRamphastida, Toucan. 

2. Bucconidce, Barbet. 

3. Cuculidce. Cuckoo. 

4. Picidcp, Woodpecker. 

5. Musophagidw. Touraco, or plaintain-eatcr. 

6. Coliia<B. ^^^7* 

7. Pnttacidop, Farrot. 

Order VII. — Raptores. 

Rapacious birds. Beak strong, curved, sharp e<lged, and 
sharp pointed ; legs short and robust, with three toes before and 
one Deiiind, armed with long, strong, crooked talons. 

Family 1. Nocturnes, Example : Owl. 



» 



2. Diumes. Examples : Hawk, eagle, vulture. 



An eighth group of birds has been characterized, under the 
name CursoreSf Coursers or running-birds, by the arrested de- 
velopment of the wings imfitting them for flight, and ])y the 
compensating size and strength of the legs, by which they are 
enabled to nm swiftly on the ground. This is not, however, a 
natural order ; some of its exponents have demonstrably closer 
affinities to other groups of which they are wingless members, 
just as the penguins and auks bear relation to lamilies of the 
natatorial order. Thus the Notomis is a modified coot. The 
ostrich bears the same relation to the bustards. The extinct 
Didus and Pezophaps are most nearly allied to the Columbaceous 
group of Rasores. Apteryx and the allied extinct Dinomis and 
Palapteryz bear affinity to the megapodial family of Gallince. 
In all the Cursorial genera the sternum is devoid of keel. Struthio 
is the only genus of birds in which the toes are reduced to two. In 
like manner the web-footed order is an artificial one, including 
derivatives from diiferent natural groups or types ; and the 
same may be said of the order includmg the birds that have the 
legs lone and naked above the tarsal joint. Derivatively the 
class of birds is most closely connected with the Pterosaurian 
order of cold-blooded air-breathers. In equivalency it is com- 
parable rather with such a group than with the Reptilia in 
totality, or with the Mammalia; and hence the corresponding 
inferiority of value of the avian * orders ' to the subdivisions so- 
called of those larger classes. 

In this arrangement the least organized are placed first It 
agrees with most others in that the order is, beginning with the 
highest, raptorial birds, land birds, and water birds ; but it does 
not appear to be so natural as that of Bonaparte's, as given 
below. The group Insessores of Vigors is here represent^ by 
the three orders Cantores, Volitores, and ScansoreSy which corre- 
spond to the orders Passeres and Scansores of Cuvier. This group, 
excluding the parrots, constitutes the prevident type of living 
birds. It is far more numerously represented, botn in sjpecies 
and individuals, than all the other orders put together ; it pre- 
sents as much variation of form and habits as they do, yet its 
members are so closely linked together from end to end that it 
is exceedingly difficult to separate them into natural subordinate 
groups. It IS, moreover, sharply defined from the other orders, 
and these orders are themselves well marked off one from the 
other. Thus the insessorial birds form a central group, around 
which the others may be arranged at more or less distant 
intervals. No group has been more difficult to classify than 
this, and hence we find that it is with reference to it that there 
exists the greatest difference of opinion. The circular mode of 
arrangement derived much of its support partly from the homo- 
ceneousness of this group, and partly from the fact that birds ot 
oifferent types present corresponding modifications in a few 
external characters, which characters are most readily seized by 
the naturalist, and are due to, or at any rate correlated with, habits 
and habitat ; while the more important typical characters are 
less easily detected. Many illustrations of tnis could be cited ; 
but we can onlj mention one or two. In all large islands where 
carnivorous animals are neither abundant nor formidable, there 
is a remarkable prevalence of birds with strong legs and short 
wings, as, for instance, in New Zealand, Australia, and the Masca- 
rene islands ; and in many such places the introduction of the dog, 
cat, rat, or pig seems to have had a marked influence in reducing 
the numbers of such birds. In some geographical areas we may 
notice that certain external characters prevail throughout all the 
birds, although such characters are frequently not cnaracteristic 
of the fjEunihes to which many of the species belong. For in- 
stance, there is an extraordinary predominance of the colour red 
in tiie eastern half of the Malayan Archipelago, where even the 
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PsittacidcB are red, with little or no green about them, although 
green is the prevailing tint in all the members of this faniUy 
which live on other parts of the globe. A phenomenon of a 
similar nature is observable in the birds of the Azores. Most of 
the species are the same as occur on the neighbouring part of 
the European continent ; and yet there is said to be a decided 
tendency among them to have darker plumage, shorter legs, and 
stronger bills than their continental representatives. In these 
instances the characters are spread amongst the individuals 
living on a certain area; and the variations are for the most 
part so slight that they do not give rise to errors of classification. 
But the same correlation of a set of external characters with 
surrounding conditions is more noticeable in birds having 
similar habits and habitats ; as, for instance, in the swallows 
{Hirundinida) and swifts (Gyp8elid(B) ; in the creepera and wood- 
peckers ; and in many otners, some of which are indicated in 
other parts of this article. These analogous groups are the 
stumblmg-blocks of classifiers, and they always will be so long 
as external characters are employed, without being checked by 
those derived from the internal oi^anization. As a further 
illustration of the correlation of habits, habitat, and extemtd 
features, we find that when a species has dissimilar habits from 
most other species of the same type, it also differs from them in 
what are considered to be important external characters ; this is 
exemplified by the Strigops amongst parrots [PsiTTACiDiE, E. C. S.], 
and the water-ouzel among thrushes. We do not wish it to be 
inferred that habits and external characters are of little value in 
classifications, but that great caution should be used in relying 
solely upon them ; and fOl species founded upon a single charac- 
ter, or upon a single dead specimen, shoula be regarded with 
suspicion. 

That excellent results may be obtained from a consideration of 
the habits and characters ot the living bird is, we think, shown 
in Mr. Wallace's arrangement of the order Passeres, His re- 
marks were published in 1856 ; but, if we mistake not, many of 
his suggestions have been more or less adopted in that part of 
Professor Owen's classification which relates to the same group. 
His conclusions, moreover, generally harmonize with the im- 
provements proposed by Eyton ana Nitzsch before him, and 
Blanchard and others after Mm, on anatomical grounds ; as also 
with what we consider to be the best features in Bonaparte's 
scheme. For these reasons we do not hesitate to give a full 
abstract of his paper, retaining in many places his o^vn expres- 
sions. His observations refer more especially to Gray's arrange- 
ment in which the order Passeres is divided mto the Conirostres, 
DeniirostreSy FistirostreSy TenuirosireSy and Scansores, He con- 
demns the plan as relying too much on the character of the 
beaks, and as thereby leading to unnatural combinations. The 
humming birds and sun birds are placed together, but should be 
widely separated, since their contiguity is oased upon a resem- 
blance in analogous not relative characters. The similarity in 
size, in the prevalence of lustrous colours, and in the slendemess 
of the bill, ought not to overbalance the most important struc- 
tural differences. The hummers have excessively long wings, 
and extremely small feet, the toes being at the same time more 
or less united. The locomotion is exclusively aerial, the feet 
only being employed for purposes of support The sun birds 
(Cinnyrida::) and their allies the Goerebidce have long legs and 
toes, the hind toe being especially long and powerful ; and hence 
they are able to hop and perch. Their wmgs are short, round, 
and not adapted for powerful or long continued flight The tail 
is short and even. The tongue is short, flat, and not extensible 
in some genera, such as Dicasumy Cinnyris, and all the CcerebidcB ; 
while in a few only, as in Anthreptes and Aracfmothera, is it 
tubular and extensile. There is, therefore, no general agreement 
of structure, except that of an elongate and slender bm, which 
is not an important character. The Oonirostres and Dentirostres 
are not natural groups, because they are based too much upon a 
single character, ana too little on ceneral structure. The asso- 
ciation of homoiUs with crows, ana the separation of larks from 
wagtails, he considers to be erroneous. 

The Fissirostres are those passerine birds whose feet are 
adapted solely for a state of rest — all motion being performed by 
the wing. With very rare exceptions they never move the 
slightest distance by means of their feet, a character which dis- 
tinguishes them from all other Passeres, which either hop, climb, 
or walk incessantly. In this group there is every form of bilL 
The external characters are very short and weak legs, long or 
powerful wings, and a wide gape. Their habit is to sit motion- 
less watching for their prey, to dart after it and seize it upon 
the wing, and to return to their original position to swallow it 
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The Trogons and Kingfishers present these peculiarities in the 
greatest perfection. The Trogons are sometimes placed among 
the Scansores on account of the |-toed foot ; but this form of foot 
does not affect their habits since the toes are connected at their 
base with a broad sole, which affords a firm base to stand upon. 
The position of the toes alone is of little importance, so long as 
the habits are not different. The Trogons do not climb. In 
South America they feed principally upon fruit. They take 
their station on a bare branch about the middle, and having 
fixed their attention on some fruit, dart at it, seize it dexterously 
on the wing, and return to their original seat. The Bee-eaters 
and Jacamars should come somewhere between the Kingfishers 
and Trogons, and the Prumitidm should form part of the same 
group. All have similar habits. The Goraciadas follow next. 
They were for long misplaced amongst the strong legged crows 
and grackles, whereas the short legs, wide gape, insect food cap- 
tured on the wing, the nest in holes of trees or in the earth, and 
the colour and form of the eggs, all bring them in close relation 
to the bee-eaters, motmots, and kingfishers. The structure of 
the skeletons confirms this result. Next come the CapitonidcPf 
which have often been placed among the climbers on account of 
the two-two toed arrangement of the feet They are sedentary 
birds with habits analogous to the bee-eaters, &c. Some, like 
Tamatia, frequent the gloomiest and thickest parts of the forest, 
where they sit motionless on some low brancn, and thence take 
short flights for insects. Others, like Monasa and ChdidopUra^ 
almost vie with the swallows in the litheness and celerity of 
their movements. They frequent more open situations, frequently 
sit on the branches of dead trees, and take longer flights. They 
build their nests in banks. The Swallows ana Goatsuckers pre- 
sent the highest development of this type, but are distinctly 
separable from the preceding families. Tney are pre-eminently 
insect-catchers ; their gape is of extraordinary proportions, their 
feet remarkably short, and their wings long and powerful. But 
there is a hiatus even between these two families. The swallows 
are considered to be the extreme term of the fissirostral series. 
Their small size, powerful flight, and compact plumage, added to 
their strongly grasping feet, sufficiently mark them off from the 
others. The uaprtmulgidce come nearer the TrogonidxE, as indi- 
cated by their average size, excessively thin skin, mass of downy 
plumage, general form, nature of food, and mode of capturing it. 
The structure of the feet is the most important objection to this 
view, but stronger objections may be raised against the swallows 
and Caprimul ma? being placed in any other group. The Eury- 
laimidcB are generally placed amongst the Fissirostres, but 
Wallace believes they are true Passeres allied to Gotinga and 
QuenUa, The Eurylaimus javanicus and Cymbirhynchus macro- 
rhynchus feed like perching birds, hopping aoout the branches of 
trees and picking off the fruit. Their le^ are of moderate 
length, their toes strong, and the hind toe large and powerful, 
which is never the case in true Fissirostres. It is this peculiar 
conformation of the feet which affects the whole character and 
habits of the birds, which habits are not fissirostral. The cir- 
cumstance of partial syndactyly is of little classificatory im- 
portance. The Manakins and Rupicolce have united toes, and 
nave been placed amonpt JFKsstrostres on that account ; but they 
are fruit-eaters, use their feet actively, possess a strong skin and 
firm set plumage, and have peculiarities which should rank 
them amongst the perchers, not amongst the Fissirostres. The 
Calyptomena viridis is essentially a chatterer. The Todies also 
have been placed in this croup ; but their moderately long and 
slender legs, short rounded wings, and incessant use of their 
feet for locomotive purposes, show that they ought to be placed 
alongside such fly-catchers as Todirostrwn and Me^alophns. They 
are active little birds, hopping, perching, and flying after insects 
in every possible place ana position, in which they differ widely 
from Fissirostres ; but they agree with them in nidificating in 
holes in banks of streams. This one character should not over- 
ride the others which decidedly show that they do not belong to 
the Fissirostres. The Hombills are considered to be Fissirostral 
birds. Their very short legs, and united toes with a broad flat 
sole, are exactly similar to tnose of the kingfishers. They are, 
in the Indian archipelago, entirely frugivorous ; and it is curious 
to observe how their structure modifies their mode of feeding. 
They cannot dart after the fruit like the trogons ; they cannot 
even fly rapidly from branch to branch, picking a fruit here and 
a fruit there ; neither have they the a^ty to alight on the 
more slender branches like the barbets ; out they alight heavily 
on a thick branch, and then, looking cautiously round them, 

Sick off the fruits within reach and je% ^em down their throats 
ke the toucanB. When all has been gathered within reach 



they move sideways along the branch by short jumps, or rather 
a kind of shuffle, and the smaller species even hop across the 
branches, when they again gather all within reach. When one 
branch is done they fly to another tree. Their short legs and 
syndactyle feet remove them from the Toucans. Their wings 
are as powerful as those of toucans are weak, but their great 
weight prevents rapid flight. As they fly they produce a loud 
sound, which is said to be in some species even louder than that 
made by the great muscovy duck. Although conirostral they 
are far removed from the crows. They appear to come nearest 
the Kingfisher. Eyton arrived at similar conclusions from a 
consideration of the osseous structure. The TrochilidoR are also 
assigned to this tribe. They have minimized feet and maximized 
wings. They surpass the swallows in power of flight. Their 
feet resemble those of Dendrochelidon, and the long variously 
curved bill and extensile tongue give them the same facilities 
in obtaining food as the short bill and wide gape of the other. 
They are believed to be nurely insectivorous, since the stomachs 
are always filled with ffower-frequenting CoUopt^a ; but they 
may obtain some nourishment from the nectar. Their thick 
firm muscles imply an animal rather than a vegetable diet ; as 
also do their short stomach and intestines. Moreover, certain 
species never frequent flowers. All the species of Phaethomis 
occur among low shrubs where they search amongst the leaves 
for insects while they sustain themselves almost motionless in 
the air, with their body erect and their bOls pointing upwards. 
They do not frequent the flowery glades, but the gloomy flower- 
less jungles. Some species hunt insects in the air like true 
fissirostral birds. They emerge from their retreats in the even- 
ing, dart after the minute insects, and return after each circuit 
to the edge of the forest, where they remain balanced for a 
moment preparatory to making another dart amongst the trees. 
At other times they will sit on the topmost twig of a dead tree, 
and after making short circuits return to it like the jacamar 
and puff-birds. It may be mentioned also that the youne accept 
flies, but reject honey. Mr. Wallace had two newly batched 
which he tried to feed with syrup made with honey and water ; 
but they did not like it and sputtered it out in disgust He 
then tried them with some minute flies. On dropping an insect 
into the mouth of one it immetliately closed the beak, swallowed 
the morsel with an effort, and opened the mouth for another. In 
this way each bird disposed oi fifteen or twenty flies. Their 
beaks were very short, triangular, and very broad at the base, 
or like a swallow's beak slightly lengthened. Humming-birds 
are, he conceives, an extreme and peculiar development of the 
Hirundine form of Fissirostres. The skin, which in the tribe is 
generally thin and tender, is in the swallows comparatively thick 
and strong ; and in the hummers is perhaps stronger in propor- 
tion to their size than in any other birds. The structure of the 
tongue may be considered as an objection to this view, but he 
urges that this character should not outweigh the others ; and 
he cites examples in which the tongue diners widely in two 
families acknowledged to be closely allied, such as the cuckoos 
and toucans. The Picidcs and Dendrocolaptidos on the other 
hand afford an example of similarity of tongue in families whose 
general structure is aifferent The nidification is the most im- 

Sortant difficulty ; but he remarks that we should expect a 
eviation in this respect in such aerial birds as Trockilid<B, His 
arrangement of the Fissirostres Is as follows : — 

Trochilidie. 



JEirundinida. 
Caprimulffida. 



Trogonida. Prionitida. 

I I 

Galbulida . — Meropida. — Cbraeiada. 



Oapitonida.- 



Salcyonidw. 



Bueerotid^. 



The spaces are intended to show the relative amount of affinity 
existing oetween any two groups. The gaps represent to a cer- 
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tain extent the result of the extinction of species. Thus he 
i*emarks if the space between the kingfishers and hombills were 
filled up by a natural succession of families, we can see that the 
change must have been to heavier, larger, and longer billed 
birds, and traces of such a change occur in passing from the 
jacamar to the kingfisher. Again, in passing from the goat- 
suckers to the swallows, the change is to smaller, stronger winged, 
thicker skinned, and lighter coloured birds, which if carriea on 
would lead to the hummers. Again, as the change from the 
jacamars to the rollers is to stronger legged birds which do not 
feed solely on the wing, but partially on the ground, so the same 
change would lead to Passeres. The Cora^ada, therefore, are 
either an extreme Passerine form of the tribe, or else form a 
transition by direct affinity to the Passeres. It will be noticed 
that Mr. Wallace speaks of the Hirundinidw, which evidently 
include both the swallows and the swifts ; but we think his 
position would be improved if the swallows were excluded and 
llirundinidoB w^ere replaced by the term Cypsdidce, 

The PicidcB, Psittacidce, CucvlidcKy and Ramphastidas are gene- 
rally admitted to be Scansores. They are taken as affording the 
real basis for ascertaining the character of the order. There is 
no general resemblance in the form of the beak, so that the cha- 
racters must be sought in some other part. The wings are gene- 
rallv short, roundea, and very weak, and not adapted for rapid 
or long-sustained flight. The legs are large, powerful, and of 
peculiar conformation. They are mainly antithetical to those of 
the Fissirostres. The toes are long, and the outer toe is either 
turned completely backwards or nearly at richt angles to the 
others. This toe is often the largest of all, while the true hind 
toe is always small, and sometimes altogether wanting. It is 
this structure which distinguishes them from all the short winged 
and strong footed Passeres, The habits resulting from this con- 
formation are also characteristic. They are truly arboreal, rarely 
descending voluntarily to the ground. They use their wings 
only in flying from tree to tree, and they obtain their food in or 
upon trees. Their motions are either climbing or a succession 
of rapid hops producing an appearance of climbing. The wood- 
pecker runs up the vertical trunk, and with the aid of the tail 
and beak seeks his food beneath the bark. The parrot climbs 
after the fruit, which alone he feeds on. The cuckoo seeks insects 
on the leaves and branches. The toucans hop activelv about the 
tops of lofty trees after fruit Although these families should 
come near together, they are separated from one another by wide 
chasms. The Bucconidas should be rejected from the Scansorts, 
Though they cling against and peck at trees, their general 
structure differs from that of woodpeckers. In their feet, wings, 
and general form they more resemble toucans. The texture of 
the feathers, their broad, angular, and weak skulls, indicate their 
relation with the toucans and difference from the woodpeckers. 
The bill has a different type of form, reminding one of a 
cuckoo's. They hop and cling, but never climb. The Dendro- 
colaptidas are generalljr associated with the woodpeckers on 
account of their climbing habits, their rigid tails, their insect 
diet, and their manner of obtaining it from the trunks and 
branches of trees. The differences are a short bill, a homy, non- 
extensile tongue, and a very differently constructed foot. The 
characteristic form of the foot in the Gerthiada: and Dendrocolap- 
tidcB is to have the toes placed normally, three forward and one 
backward, and to have all the forward toes connected together 
at their bases, particularly the outer toe, which is generally 
larger than the mner, and often connected to the middle toe as 
far as the second joint. The result is that the forward toes do 
not spread much, but form one line of support opposed to the 
hind toe. The hind toe is also remarkably long and powerful, 
and armed with an equally powerful daw. This peculiar struc- 
ture has been arrived at through the most nearly allied families 
of Passeres. Passing from the wagtails through the Anabatida to 
DendrocoUwtidoBy we find the outer toe gradually more and more 
united to tne middle one, and the hina toe becoming gradually 
larger and more developed ; so that we see that mooification of 
the normal three-one toed foot which is adapted for climbing. 
In the woodpecker, however^ the outer toe is always turned 
completely backwards, and is therefore ^[uite free from the 
middle toe. The true hind toe is also invariabl^r small and 
weak, and of so little importance that in several species of wood- 
peckers it is altogether wanting without at all diminishing 
the power of climbing. It is an extreme modification of the 
scansoriid form adapted for true climbing. The toes are all 
more powerful, the claws much stronger, the outer toe lonser, 
and the hind toe smaller. If, therefore, the structure of the foot 
in the cuckoos and touracos, where the outer toe can be placed 



either forward or backward and the hind toe remains moderately 
developed, is the link between the two-two toed and the three- 
one teed forms, then it follows that of all two-two toed feet the 
woodpecker's is most removed from the three-one toed ; and of 
all three-one toed the creeper's is the furthest removed from the 
two-two toed ; and hence the feet of the creeper and the wood- 
pecker are farthest removed from each other. When it is further 
considered that the structure of the climbing tail is totally dis- 
similar in the two cases, we at once see that the creepers should 
be widely separated from the Scansores, 

The Mus(mhagi4a are considered to be true Scansorial forms.' 
They have snort, rounded, and weak wings like the cuckoos and 
toucans, their legs are very strong, the outer toe is long and ver- 
satile, but rather less so tnan in the cuckoos, and the hind toe is 
short In their habits and plumage they resemble the toucans 
and barbets, while in their short crests they are similar to the 
woodpeckers. They nidificate in holes *in trees, and in their 
general internal structure appear to correspond with the Scan- 
sorial type. Swainson placed them between the Fringillidcs and 
Bucerotiao!, The former have well-formed passerine feet, the hind 
toe is always well developed, and the outer toe is never so long 
as the miadle one. Their uniformly small size and generally 
powerful wings do not appear to l>e consistent with a close 
affinity with the Musoj^iagidaD, The hombills are still further 
removed. He thinks bwainson must have been misled by his 
blind belief in numerical and circular arrangements. The cor- 
rectness of this system of classification he refutes on two grounds. 
First, the existing species form a small proportion only of the 
total number that have existed ; so that tor every living genus 
there are probably many extinct ones which ought to mid a 
place in a natural classification ; but in Swainson's scheme there 
are veiy few gaps to represent the places of the absent forms. 
Secondly, by the system of definite numbers the genera are 
limited to 25 in each family, so that if 25 genera are known, it 
is assumed that there are no extinct forms in that family. Mr. 
Wallace places Opisthocomus cristatiu between the Touracos and 
the CncutidcB. It is very abundant on the banks of the Amazon. 
It frequents low bushes on the river's edge, and never alights on 
the gi-oimd. This, combined with the absence of a gizzard, 
decides that it is not gallinaceous. Ito general appearance, 
flight, and habits suggest that it is a gigantic cuckoo. Its long 
crest remarkably resembles that of the genus Diplaptertu, sevenS 
species of which occur in the same district, and they all have 
the habit of throwing it up when alarmed in precisely the same 
way. There is no versatile outer toe on its feet, which is an 
objection to placing it among the Scansores. But there is a genus 
of Musophagido! (Schizorrhis) which also has all the toes turned 
forwards. The snort wings, weak, heavy flight, strong legs, long 
toes, and the character of the plumage, indicate this to oe its 
true position, while its peculiar food and internal structure show 
that it is isolated, and not a member of any known family. 

The Coliidas are more like parroto than any other birds. 
Their habits have many resemblances to those of parrots, as will 
be seen by perusing the account under MusoPHAOiDiE, E. C. vol. 
iii. coL 997. They are, like parrote, remarkably fleshy, and 
heavy in proportion to their apparent size. They weigh twice 
as much as most other birds of apparently the same size, owing 
to their feathers being so short, and so closely applied against 
the body. Their bill resembles the parrot's in the mequality of 
the mandibles. The feet are peculiar, the hind toe being imall, 
and capable of being turned forward. The tongue is cartilaginous 
and flat 

BueeonuUs, 

{Megalaima,) 



Ramphastida, 



Opisthoeomus.' 



■Ouculida, 



Musophagido. 



-Pieida. 



Cohida. 
Ptittacidm, 
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The rest of the Passeres, he thinks, forms a natural group 
which he would call normal or typical Passeres, It comprises 
about 35 families, and between 3000 and 4000 species, or at least 
half of all known birds. They are too intimately allied to be 
broken up into various groups. They all have normal or three- 
one toed feet, which are never so weak or short as to be un- 
adapted for progression. The bill is always moderate in size 
and form, and in the few cases where it is peculiarly modified, 
as in Dendrocolaptes, other species in the same family possess the 
normal form. There is also a remarkable moderation in size, as 
well as great uniformity in texture of plumage, form, and habits. 
There are no isolated families, and hence there is much disagree- 
ment as to their limits, since one family blends into others. His 
diagram of the Scansorial affinity is given on the previous page. 

One of the defects in this arrangement is that the Psittaciace are 
included amongst the Scansores; but Mr. Wallace himself now 
admits that the Psittacuias shoidd form a distinct order. [Psrr- 
TACIDiE, E. C. S.]. 

Many of the views proposed by Mr. Wallace seem to have 
been already embodied m Prince Bonaparte^s classification, pub- 
lished in 1854. ( * Annales des Sciences Naturelles : Zoologie,' 
4th Series, vol. L p. 105-162.) We can only give a tabular out- 
line of this classification. In the original it is arranged lineally, 
but we have ventured to arrange some of the groups in parallel 
series, in order to bring out more prominently the relations 
between analogous famihes. 

He recognises twelve orders, which are thus arranged : — 



Orders. Altrices. 

1. Psittaci. 

2. Accipitres. 

3. Passeres. 

Tribe 1. Oscines. 
Tribe 2. Volucres. 

Cohort 1. Zy^odactyli. 

Cohort 2. Amsodactyli. 

4. Inepti. 

5. Columbidce. 

Tribe 1. Pleiodi. 
Tribe 2. Gjrantes. 

6. Herodiones. 

Tribe 1. Grues. 
Tribe 2. Ciconis. 

7. GaviaD. 

Tribe 1. TotiimhnL 
Tribe 2. Longipenncs. 
Tribe 3. Urinatores. 

8. PtUopteri. 

Stnopsis op 

The order Psittad embraces : — 

PsittacidcB. 
MicroglossidsB. 
TrichoglossidcD. 
Btrigopidse. 

The order Acci^tres embraces : — 

VulturidcD. 

Gypaetidas. 

Gypohieracid^o. 

Falconidse. 

Gypogeranidffi. 

Stngids. 

The order Passeres embraces : — 
Oscines. 

Stirps 1. Cultrirostres. Cohort 1. 

CoryidiB. Zygodactyli. 

GamilidsD. Stilus 7* Amphiboll. 

BtumidiB. fiamphas- 

Icteridie. tiase. 

Stirps 2. Conirostrcs. Cuculidae. 

jPloceidsB. Stirps 8. Scansores. 

Fringillide. Ficide. 

Stirps 3. Subulirostres. Stirps 9. Barbati. 



P&iECOCES. 



9. Gallinae. 

Tribe 1. Passeracese. 
Tribe 2. Gallinacese. 

1. Craces. 

2. Galli. 

3. Perdices. 

10. GrallsB. 
Tribe 1. Gursores. 
Tribe 2. Alectorides. 

11. Anseres. 

12. Btruthiones. 

Families. 



300 species. 



440 species. 



TurdidsB. 
Maluridse. 
Timaliids. 
Troglodrtidas. 
Certhiia®. 
Paridse. 
CinclidsB. 
MotacilUdsB. 
Alaudidfle. 
Stiips 4. Currirofltres. 
Epimacbide. 
Paradiseidse. 
Glaucopidse. 
Melipbiagidse. 
Aradmotheridsp 



Bucconidie. 
Capitonidse. 
Leptosomidse. 
Gatbulidse. 



YOLVCRES. 

Cohort 2. 

Anisodactyli. 
Stirps 11. Fnigivori. 

Bucerotida). 

MusophagidfD. 

Opistnocomidse. 

Coliida}. 

Phytotomidee. 
Stirps 12. Formicivori. 

Menuridffi. 

Myiotheridas. 

Anabatids. 

Dendrocolaptido). 



Stirps 10. Heterodactyli Stirps 13. Muscivori, 
TrogonidiB. Todids. 

625 species. Cotinnde. 

Piprioffi. 
Eurylaimidffi. 
Stirps 14. Callocoraces. 
PittidflB. 
Coraciidae. 
Prionitidse. 
Stirps 15. Gressorii. 
Meropidse. 



OsciNBS, continued, 

Phyllomithidse. 

Nectariniidee. 

Drcpanidse. 

Dicaeido}. 

CcerebidsB. 
Stirps 5. Dentirostres. 

Laniido). 

ArtamidsB. 

Oriolidse. 

Edoliidee. 

AmpelidsB. 

Miucicapidse. 

Tanagriase. 
Stirps 6. Fissirostres. 

Hirundinida). 

3500 species. 

The order Inepti has one family only, viz. :>- 

Dididx, with 5 species. 

The order Colwrnba embraces :— • 

Tribe 1. Pleiodi. 

DiduncuUdie. 

Tribe 2. Gyrantes. 

Treronidie. 
Columbidse. 
CallioenadidflB. 
Gouridie. 



Volucres, continued. 

AlcedinidsB. 
Stirps 16. Tenuirostres. 

UpupidsB. 

Promeropidie. 
Stirps 17. Suspensi. 

Trochilidse. 
Stirps 18. Hiantes. 

Cypselidse. 
Stirps 19. Insidentea. 

Steatomidac. 

Caprimulgidn. 

1775 specie 



The order Herodiones embraces : — 

Tribe 1. Grues. 

PhoenicopteridsB. 
GruidsB. 

Tribe 2. Ciconiaa. 

DromadidaB. 

CiconiidaB. 

ArdeidaB. 

CancromidaB. 

PlataleidaB. 

TantalidaB. 

The order Oavice comprises ; — 

Tribe 1. Totipalmi. 

PelecanidaB. 
TachypetidaB. 
PlotidsB. 
PhflBtonidaB. 

Tribe 2. Longipennes. 

ProcellariidaB. 

LaridaB. 

ChionidaB. 

Tribe 3. Urinatores. 

AlcidaB. 

ColymbidaB. 

PoddcipidsB. 



220 species. 



173 species. 



325 species. 



The order PtUopteri comprises only 

SpheniscidsB. 15 species. 

The order Gallinm includes : — 

Tribe 1. PaaeenoeflB. 

MesitidBB. 
Megapodiida). 
BoUulidaB. 
NumididsB. 

Tribe 2. GaUinaceas. 

Craces. 

Meleagridas. 

CracioDB. 

PenelopidaB. 
GaUi. 

PavonidaB. 

PhasianidaB. 
Perdices. 

ThinocoridsB. 

PterocUdaB. 

TetraoninaB. 

PerdicidaB. 

CrypturidsB. 



The order Orallce is formed by : — 

Tribe 1. Cunores. 

OtidaB. 

CharadriidaB. 

HaDmatopidaB. 

BecurvirostridaB. 

Phalaro^odidaB. 

ScolopaadsB, 



320 species. 



121 



BIRDS. 



BIRDS. 



122 



Tribe 2. Alectoridos. 

Parrida). 
BaUidro. 

The order Anseres contains : — 

Anatidae. 
Mergidffi. 

The order Struthwiies embraces : — 

StruthionidoD. 
Diuoniithidso. 
Aptcrygidoo. 



400 Bpeciea. 



200 species. 



12 speciefl. 



Altogether, he recognises 131 families, 2120 genera, and 8300 
species. Each order averages 11 families ; each family averages 
15 J genera, and about 60 species ; and each genus averages 
nearlv 4 species. In running one*8 eye over the figures, we are 
struck by the great paucity of specific forms in the families of 
the groups which follow after the Passerea, Thus in the first 
three ordere there are on the average 88 species per family ; and 
in all the remainder there is an average of only 32 per family, 
or if the Anseres be excluded, there are only 29 species per 
family. The specific numbers in the above totals refer to the 
year 1858 ; there have been many additions since. 

As an example of a classification in which the main characters 
are drawn from the osseous structure, we would cite that pro- 
posed by Professor Huxley, 'Proceedings of the Zoological 
Society, 1867, p. 415 — 472.' He points out that while birds 
differ widely from reptiles, still the connection between them is 
so much closer than between birds and any other class as to 
justify their association into one primary group, to which he 
gives the name Sauropsida, The class Avesis arranged in three 
orders, viz., the Saururte, RatiUe, Carinatce. 

The order Saururce comprises Archaoptervz only, and is cha- 
racterised by the following features. (1) Tiie metacarpal bones 
are well developed and not anchylosed. (2) The cauaal verte- 
brae are numerous and large, so that the caudal region of the 
spine is longer than the body, whereas it is shorter in aU other 
birds. (3) The furculum is complete and strong ; and the foot 
is very passerine in structure. 

The order llaiitce comprises the Struthious birds. Its prin- 
cipal features are as follows. (1) The sternum has no crest, and 
is ossified from lateral and paired centres. (2) The long axes 
of adjacent parts of the scapula and coracoid are parallel or 
identical. There are no acromial or clavicular processes ; or, if 
present, they consist of inconspicuous tubercles only. (3) The 
posterior ends of the palatines and the anterior ends of the 
pterygoids are imperfectly or not at all articulated with the 
oasi-sphenoidal rostrum ; being usually separated from it, and 
supported, by the broad, cleft, hinder end of the vomer. (4) 
The basipteiygoid processes are strong, and arise from the bodj 
of the basispnenoia, not from the rostrum. The articulation is 
by means of facets, which are situated nearer the posterior than 
the anterior ends of the lower edges of the pterygoid bones. 
(6) The upper or proximal articular head of the quadrate bone 
is not diviaed into two distinct facets. (6) Baros of feathers 
disconnected. (7) There is no larynx, and the diaphragm is 
well developed. Five subordinate groups are recognised. Stn^ 
thio is the type of one ; Rhea of a second ; CasuariiLs and Dro- 
mains of a tnird ; Dinomis of a fourth ; and Apteryx of a fifth. 

The order CarinaUs embraces all the living birds but the 
Ratito!. It is thus characterised. (1) The sternum has a keel, 
and is ossified from a median centre in that keel, as well as 
from later^ paired centres. (2) The long axes of the adjacent 
parts of the scapula and coracoid are inclined towards each other 
at an acute or slightly obtuse angle, and are never even approxi- 
mately identical or paxalleL (3) The vomer is comparatively 
small, and allows the palatines and pterygoids to directly articu- 
late with the basisphenoidal rostrum. 

This order he proposes to group into the four sub-orders, Dro- 
maoanathoi, SchizognaihcB, Desmoffnathoiy Aegithognatha, 

The sub-order Dronujeognathce is represented by Tiiiamus only. 
The vomer is very broad ; it imites in front with the broad 
maxillo-palatine iJones, while behind it receives the posterior 
extremities of the palatines and the anterior ends of the ptery- 
goids, which are consequently prevented from articulating with 
tne ba^sphenoidfid rostrum. Tne basisphenoid processes spring 
from the Dody of the sphenoid, not from its rostnim, and articu- 
late with the pterygoios very near the distal or outer ends of the 
latter bones. The quadrate bone has a single head. It contains 
but one family — the Tinamidce, 



The sub-order Schizognathce is equivalent to the GaUinaiy 
Grallce, and Natatores of Cuvier. The vomer is sometimes laice, 
sometimes small, but always tapers to a point anteriorly, while, 
posteriorly it embraces the basisphenoidal rostrum between the 
palatines. The palatines and pterygoids are directly articulated 
with one another and with the basisphenoidal rostrum, and are 
not supported by the divergent posterior ends of the vomer. The 
maxillo-palatines are usually elongated and lamellar ; they pass 
inwards over the anterior processes of the palatine bones, and 
then, bending backwards along the inner edge of the palatines, 
leave a broader or a narrower fissure between themselves and the 
vomer, and do not unite with it or with one another. It com- 
prises six groups of allied families ; viz., (1) CharadrwnuyrphxE, or 
the pluvialine group. (2) (hraiiomorpha, or the gruine group, of 
which the cranes and rails are the types. (3) CeconwrpluEy or the 
gull group. It contains the Laridce, ProceUarUdcBj Colymhidce, 
and AlciatB. (4) Spheniscomorphce, or the penguin group. It 
contains the single family, Aptenodytida:, or the Sqitamipenties of 
most authors. (5) AUctoromorphoe, or the galline group. It 
contains the families, Tumicidwy Phasianidcef Pteroclidcey Mega- 
podidcBj and Cracidas, or the GallincB of most authors, excluding 
the pigeons and TtTiamidce. (6) PeristerommphaSy or the colum- 
bine group. 

The sub-order Desmognathce embraces all the members of 
Cuvier's GraUce and Natatores which are not Schizognathous, the 
AccipitreSy ScansoreSy most of the FissirostreSy all Syndactyliy and 
Upupa, In it the vomer is abortive or small. When present it 
is slender and attenuated anteriorly. The maxillo-palatines are 
united across the middle line, either directly or by means of 
ossifications in the nasal septum. The posterior ends of the 
palatines and the anterior ends of the pterygoids articulate 
directly with the rostrum. Seven groups of families are recog- 
nised. (1) ChenomorphcBy or the Ansenne group. (2) Amphi- 
morphce. This appears to embrace the genus Phoenicopterus only, 
which occupies a middle place between the Ghenomorphoi and (3) 
PelargomorphcB, or ciconine group. (4) DysporoTnorphaiy or 
gannet group. (5) AeUmorphcBy or aquiline group. This is 
arranged in four minor divisions, viz., StrigidtBy GathartidtBy Gy- 
paetido!, and Gypogeranidce, The Cathartulce includes the vul- 
tures of the New World ; the Gypaetidce includes the vultures 
of the Old World, and all the aiumal birds of prey, except 
GypogeranuSy which is the only representative ot the Gypo- 
geranidat, (6) PsittacomorfJuBy or tne psittacine group. (7) 
Goccygomorphofy or the cuculme group. This also is arranged in 
four minor divisions as follows : — 

a. First toe turned forwards as well as the others. Coliidce, 

b. Fourth toe temporarily or permanently turned backwards 

as well as the first. MusophagidcBy Uuculidce, Bucconidce, 
Ramphastidce, CapitonidcSy Galbulida, 

c. Second, third, and fourth toes turned forwards ; the first 

backwards. AlcedinidaSy Bucerotidof, Vpupidce, Meropida^y 
MomotidcPy Coraddce. 

d. First and second toes permanently turned backwards ; the 

third and fourth forwards. Trogonidof, 

The CeUomorpfuBy or picine group, composed of the Picidas 
and Yungidcey is not demiitely placed in any of the sub-orders. 
Professor Huxley conceives that it is an aberrant group of the 
Mgithognathaiy intermediate between the GoracoTnorpho! and Coccy- 
gomorphof. He objects to the association of the PsittacomarphcB, 
GoccygomorphaSy and Celeomorphas with the order Scansores, as 
being unnaturaL 

The sub-order jEgithagnathce has the vomer broad, abruptly 
truncated in front and deeply cleft behind, embracing the 
rostrum of the sphenoid between its forks. Palatines have pro- 
duced postero-extemal angles. Maxillo-palatines are slender at 
their origin, and extend inwards and backwards obliquely over 
the palatines, ending beneath the vomer in expandea extremi- 
ties which do not oecome united by bone, either with one 
another or with the vomer. The anterior part of the nasal 
septum is frequently ossified, and the interval between it and 
the premaxilla is filled up with spongy bone ; but no union 
occurs between this ossification and the vomer. Two minor groups 
are recognised : (I) CypselomorphaSy or the cypseline group, 
which contains tne TrochUidaSy GypselidcB, and GaprimtugidcB ; 
(2) CoracomorphcB, or the passerine group, which nearly corre- 
sponds with the Passeres of Cuvier. 

There is another classification based almost entirely upon 
osteological characters, which has been recently published. It 
is that of Mr. Fyton, as contained in his 'Osteologia Avium' 
(1859 — 1867). The following brief outline, lx)rrowed from the 
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* Record of Zoological Literature ' for 1867, will serve to indicate 
its principal features. There are thirteen orders, the names of 
which are prefixed by Roman numerals. I. Raptores. — (1) 
VuUuridce, (2) FakonidcB, (3) Strigidoe, II. Voutores.— ^1) 
Trochilida, (2) Cypselidce. 111. Omnivores. — (1) CaprimulgidcB, 
(2) Trogonidaj (3) AlcedinidcBj (4) Buceridee, IV. Prehensores. 
— (l)Piiitacida, (2) Ramphastidce, V. Scansores. — (1) PicidcB, 
VI. Erucivores. — (1) Cuculid<B, (2) Miuophagida;, VII. Inses- 
BORES. — (1) MenuridcRj (2) Certhiidctj (3) Meliphagida, (4) 
Paridce, (5) Alaudidos, (6) MotacillidoB, (7) SylviidcBy (8) ikfwsaca- 
pida, (9) Ampelidce, (10) Laniidof, (11) Turdida, (12) Oriolidce, 
(13) StemidcBy (14) FriiigUlidce, (15) TanagrxdoB, (16) Cmndcs. 
VIII. BiPOSiTORES. — (1) Columbida, (2) Dididce, IX. Rasores. 
— (1) Tciroonido', (2) Phasianidce. X. Cursores. — (1) Struthi- 
onxdx, XL LiTTORES. — (1) OtuZof, (2) CharadriidcBy (3) ;5coio- 
pacidas, (4) Tringidas. XII. Grallatores.— (1) -^rdeilicp, (2) 
Eallidce, XIII. Natatores.— ^1) ATiatidce, (2) Colf/mbidw, (3) 
Alcidas, (4) PdicanidoB, (5) LariacB, 

Classincations have also been proposed by Fitzinger, Lillje- 
boi^, and others. In Lilljeborg's scheme irritability is regarded 
as the most distinguishing character in birds, and hence he 
places the lively, intelligent, bustling Paeseres at the head of the 
class, and far ahead of the birds of prey, which are generally 
honoured with the post of the lords of the feathered world. He re- 
cognises the class Aves as divisible into three sub-classes, the Inses- 
sores, CursoreSf and Naiatores, The Itisessores contains five orders, 
viz., Passeres, Zygodactyli, StrisoreSj Acdpitres, and Pullastrce, The 
Cursores has three orders, the GfaWirwc, Brevipennes, and Grallce ; 
and the Natatores compiises the four orders, Lamellirostres, Ste- 
ganopodes, Lovigipennes, and Pygopodes, 

We next enter upon that branch of our subject which relates 
to the geographical distribution of the feathered host, the mem- 
bers of wluch are pre-eminent for the facility with which they can 
move from place to place, in which respect they far excel man, 
whose mighty intellect and princely possessions have enabled 
him to da^ along at the rate of 60 or 70 miles per hour, whereas 
the bird will accomplish a journey of many hundred miles twice 
as quick as man. Under such circumstances, we should hardly 
expect to find the limitation of groups to definite areas so marked 
in oirds as in other animals. We know that they do travel from 
one region to another in obedience to some imcontrollable im- 
pulse which we cannot understand ; that inland waders migrate 
periodically to the sea-shores ; that the summer birds in high 
latitudes take up their winter residences in the middle lati- 
tudes ; that the summer birds of temperate latitudes, such as 
England is in, wander away to sunnier climes, where our "wintry 
frosts cannot touch them ; and yet, notwithstanding this perio- 
dical vibration with a swing of hundreds of miles, birds are 
highly amenable to laws of geographical distribution. But the 
subject is so vast that it is quite beyond the power of a mere 
compiler adequately to grapple with it, or to bring it within the 
limits of the Procrustea^ bed allotted to us. In spite of our- 
selves, we find, "our language grows, and, like the tide, our 
work o'erflows." If we restrict ourselves to a general view of 
the subject, we overlook those minor details, the truth and 
universality of which impart to generalizations a vividness of 
meaning which flashes across the mind of all who are acquainted 
with the details ; whereas if we descend to minute circumstan- 
tialities we only lift up a comer of the curtain. To a person 
just entering upon the study we should recommend him to 
collect the details for himself, and as a clue to the bibliography 
he cannot take a better guide than the * Record of Zoological 
Literature,' edited by Dr. Qiinther, in which the literature of 
each year is arranged under the head of what we venture to call 
** the Sclaterian regions." This term requires explanation, and 
we proceed to give it These regions are proposed by Dr. 
Sdater as representing the principal divisions of the globe when 
the distribution of birds is taken as the basis. He recognises 
the Old and New Worlds as the primary divisions, there oeing 
numerous families peculiar to each, and very few genera in com- 
mon. The following table is a list of the more important peculiar 
famiUes : — 



KEW WOULD, 

or Neogean Area. 

Todido. 

MomotidflB. 

Bucconidffi. 

Galbulide. 

Trochilide. 

loteridas. 

CoBrebida. 

PonnioariidflB. 



OLD WORLD, 

or PalsBogean Area. 

CoracUdie. 

Eurylaimldse. 

Meropids. 

Upupids. 

Bucerotid». 

StumidsQ. 

ParadiseidflB. 

Meliphagidic. 



KEW WORLD, 

or Neogean Area. 

Dendrocolaptidsc. 

TyrannidsB. 

Cotinffidflo. 

IlampnastidflD. 

OpisthocomidsB. 

Cracidee. 

Tinamidas. 

i^Icleagrinee. 

Odontophorinffi. 



OLD WORLD, 

or Pakeogeau Ai'ea. 

Promeropidee. 

Muscicapidac. 

MuBophagidaB. 

Coliidee. 

Megapodida). 

Pteroclidse. 

PhaaianidaB. 

PerdicinsB. 



The total area of dry land is estimated at 46,000,000 square 
miles, and the number of species at 7500 ; so that on the average 
there is one species for every 6000 square miles. The Paloeogean 
area contains 33,000,000 square miles of dry land, and 4500 
species, or an average of one species for every 7300 square miles. 
The Neogean area comprises 12,000,000 square miles, and 3000 
species, which gives an average of one species per 4000 square 
miles. 

The Paloeogean area is divided into four regions, named re- 
spectively the Paliuarctic ; the iEthiopian, or western PalsBO- 
tropical ; the Indian, or Middle Palaeotropical ; and the 
Australian or eastern PalseotropicaL The Palaearctic r^on has 
an approximate area of 14,000,000 square miles, and 650 species, 
or one species per 21,000 square miles. It embraces Africa north 
of the Atlas, Europe, Asia Minor, Persia, and Asia generally 
north of the Himalayan range, upper part of the Himalayan 
range ? northern China, Japan, aucl the Aleutian Islands. Its 
characteristic forms are — Sylviaf Lusciniay Erythacus, Accentor, 
ReguluSy Podoces, Fregilus, GarruluSy Emherka, CoccothrausteSy 
Tetrao, The number of European species known in 1858 is 
given in the table, col. 125. The Ethiopian region has an 
approximate area of 12 million square miles, and 1260 species, or 
one species per 9600 square miles. It embraces Africa and its 
islands- south of the Atlas, and probably a large portion of 
Arabia. Its characteristic fonns are — (}ypogeranus, Htlotarsus, 
PolyhoroideSj OypohicraXy Melierax, Macrodipteryz, Irrisor, Frt- 
gilupuSj Bucorvus, ApaLoderma^ Parisomay Macranyx, Lioptilus, 
Seruolius, PhyllastrephuSy LaniotnrduSy Vidua, Jutda, Buphago, 
Verreauxea, Lasmodon, Indicator, Musaphaga, Colius, Poiocephalus, 
Numida, Plumdus, Struthio, BaUsni^^eps, ScoptLS. Madagascar is 
characterised by — Euryceros, FalciUia, Oriolia, Philipitta, 
BracJij^pteracias, Aktomis, Bernieria, Hartlaubius, AHamia, 
Vanga, Coua, Leptosomus, Vigorsia, Mesites, and Biensis. The 
number of species resident in West Africa as given in Hartlau Vs 
* System der Omithologie West Africa's,' aJid in north-east 
Africa, as given by Dr. Heuglin, will be seen in the table in coL 
125. The Indian region has an area of nearly 4,000,000 square 
miles, and about 1500 species, or one species per 2600 square 
miles. It comprises India and Asia genemlly south of the 
Himalayas, Ceylon, Burmah, Malacca, South China, Philippines, 
Borneo, Java, Sumatra, and adjacent islands. Its characteristic 
genera are — Harpactes, Collocalia, Calyptomena, Eurylaimus, 
nucei'os, Garrulax, Liothrix, Malacocercus, Pitta, TinuUia, Pycno- 
notus, Phylloniis, Pericrocotus, Analcipus, Acridotheres, Gracula, 
Sasia, Megal(ema,PhcmicopJLaus, Dasylophus, Pal(Bornis,Pavo, Ceri- 
omis, PolypUctron, A rgus, Euplocamus, BoUulus, CastLarius, A sum- 
mary of the birds of China, as based on Mr. Swinhoe's researches, 
will be found in the table in col. 125. The Australian region has 
an area of perhaps 3,000,000 square miles, and probably 1000 
species, or one species to every 3000 square miles. It embraces 
Papua and the adjacent islancis, Australia, Tasmania, and Pacific 
Islands. The characteristic forms are in the case of (1) Aiistralia ; 
jEgothelss, Falcunculus, CoUuricincla, Grallina, Qymnorhina, 
Strepera, Cinclosoma, Menura, Psophodes, Malurus, SeHcomis, 
Ephihianura,Pardalotus, Chlamydera, Ptilonorkynch%LS,Struthid^ 
Licmetis, Calyptorhynchus, PUxtycercus, Euphemaf Calopiitta, 
Climacteris, Scythrops, Myzantha, TaUgalla, Leipoa, Pedicnemis, 
Dromaius, Gladorhynchv^, Tribonyx, Cereopsis, Anaerafuu, Bieiwra, 
(2) Papua, Sericulus, Melanopyrrkus, Ptiladela, Edoliosoma, 
Feltops, Redes, Manucodia, Gymiiocorvus, Asirapia, Paradisea, 
Fknmachus, Nantema, Charmosyna, Cydopsitta, Ckmro, &c. (3) 
New Zealand ; Neomorpha,Prosth€7ncuiera,ArUhornis,Acanthisi^ 
Mohoa, Certhipacus, Tvmagra, Aplonis, Cfreadion, Nestor, Strigops, 
ApteryXj Ocydromus, (4) Pacific Ishmds; Moho, HemignathuM, 
Drepanu,Porn4irea,Metabolus,Sturnoid€8,LepU)rn%8, Tatare, Loxcps, 
Chnphilus, PtHonopus, A summaiy of the Australian speciea, 
as raven in Gould's ' Birds of Australia,' is incorporated in the 
table in coL 125. In his later work, entitled, 'Handbook to 
the Birds of Australia,' 2 vols., 1865, 670 species are deacribed. 

The Neogean area is divided into two regions, viz., the Ne- 
axcHc, or North American, and the Neotropical, or South 
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American. The Nearctic comprises an area of perhaps 6,500,000 
square miles, and contains, according to calculation, 666 species, 
or one species per 9000 square miles. It extends as far south as 
the centre of Mexico. Its characteristic forms are : — TrochiluSy 
Sialia, Toxosioma, Icteriaj Vireo, Mniotiltay Chamcea, Ccrthm, 
Sittay Neocorys, Calamospizay Zonotrichia, Picicorvus, Gymnocitta, 
Mdeagris. The Neotropical region is formed by the West 
India islands, Southern Mexico, Central America, South 
America, Gallapagos Islands, Falkland Islands. Its estimated 
area is about 5,500,000 square miles. Its avifauna is estimated 
at not less than 2250 species, or one species per 2400 miles. 
The characteristic forms are : — (1) Continental : Sarcoramphus, 
Ibtfcter, MilvagOy Thrasactm^ Cymindis, HerpdothercSf Ska- 
tomis, NyctibiuSy HydropsaliSy EUothrq)tuSy Trogoiiy BuccOy Monastty 
GaUmlOy FurniariuSy SynallaxiSy AnabateSj OxyrhamphuSy Dendro- 
colaptcSy PteroptochoSy RhamphocceiiuSy CampylorhynchuSy Hylo- 
phituSy Lesgoniay Agrtomisy 1^ ormicariuSy Fomiicivoray Grallariay 
Tceniopteray Tityray Conopophagay Pipray RupicoUiy Phwnicercu^y 
Coiingay GymnodemSy CephalapteruSy VireolaniuSy CyclorhUy 
ThamnophiluSy Tanagray CallisUy Saltatory EupJwniay Cat^m- 
hlyrhyndiuSy Phytotomay OpisthocomuSy RamphastoSy PicumnuSy 
CeleuSy Crotophagay CultrideSy PenelopCy Oreophasisy GraXy Thino- 
coruSy TinamuSy Psophiay Cariamay Eurt/pygay Parray Palamedeay 
Ghaunay AramitSy Merganettay Heliomis. (2) Antilles : ToduSy 
PrioteluSy Cinclocerthiay Dulus, LoxigilUiy PhcenicophiluSy Spiri- 
daliSy Ghssi/ptiUiy TeretristiSy Saurothera. (3) Gallapagos : Gerthi- 
deay CactomiSy GamarhynchuSy Gtospiza, A summary of the 
species by Dr. Sclater is given below, with an additional column 
for China, founded upon Swinhoe^s researches : — 

Europe. ^^^ ^J^' M?' China. . ^ou'h 
*^ Afnca. Africa, tralia. America. 

Accipitres . . 67 56 95 36 30 95 

Posseres . . 238 450 372 311 171 1860 

Scansores . . 12 69 38 36 30 230 

Columba) . . 7 17 14 23 4 25 

Gallinro. .. 22 19 24 16 18 80 

Stnithioncs .01110 2 

Grall» . . . 101 99 130 78 95 128 

Anseres . . 144 42 80 99 102 80 
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All the figures mentioned above, with the exception of those 
relating to China, accord with the state of knowledge in 1858. 
Although not to be relied on as applicable to the present time, 
they serve to give a general idea of the distribution of species. 
(P. L. Sclater, * Journal of Linnean Society,' vol. ii.) 

It is generally believed that the remains of extinct birds 
are exceedingly rare. They are certainly leas abundant than 
those of other vertebrate animals; but their rarity is not so great 
as seems to be generally supposed. In a few localities they are 
plentiful, as, for instance, in some of the lacustrine limestones of 
France. As regards the present state of our knowledge re- 
specting the ornithic forms of the past as compared with what 
it was fifteen or twenty years ago, tnere is not so much apparent 
advance as in other groups of the animal kingdom. We have 
a relic of what once existed. The imperfection of the geolocical 
record is greater in birds than in mammals, or reptiles, or fisnes ; 
there is n«at difficulty in recognising the true classificatory 
value of the extinct forms from the osseous fragments they have 
left Palaeontologists have a far better grasp of the analogies, 
homolocies, and salient features of the principal types of 
mammals than those of birds. They generally agree m dis- 
tinguishing between certain specific specimens belonging to a 
TnATTiTnal of predatory carnivorous habits, and others which 
appertain to a mammal which ate grain or vegetables ; but they 
are frequently unable to decide whether a well characterised 
specimen should be assigned to one or other of two types of 
birds of equally divergent nature. The jEpyonvU maximus 
is an example. According to one eminent authority, it is 
decidedly a oird allied to tne Struthionidce ; like the members 
of that group it had great powers of running, but weak 
powers of flignt Another observer of large experience is con- 
vinced that it had great powers of swimming, and more or 
less resembled a pengtun or auk. And yet a third authority 
expresses himself with confidence that it was a near ally of that 
aquiline-like vulture, OypaetuB harbatus. The diiSerence of 
opinion could scarcely be wider, since the vultures and eagles 
stand at the head of most classifications and the StnUhionida 
at the opposite extreme. This want of nniformity of opinion 
arises, we believe, not bo much from the specimen oelonginff to 
what nas been termed a comprehennre type, aa from an inabuity 



to interpret correctly the facts which it reveals to us. There is 
an opinion that the segments of a bird's skeleton do not afibrd 
characters whereby we can confidently determine their family, 
generic or snecitic distinctness ; but Professor Blanchard has 
adduced gooa reasons for concluding that they do present 
such characters. If this point is gaine<l, it vnU. be a great boon 
to the investigators of the bird groups of past and present 
times. The number and relative position of the toes have been 
used as important characters in classifications ; but of late 
years such characters have not been estimated at so high a 
chvssificatory value as formerly; but on this point fuller 
details have already been given, while others will be referred 
to in connection with the fossil footsteps of mesozoic date. 
In the E. C. [Birds, vol. i. col. 437, and Qrallatores, 
E. C. vol. ii. col. 1083] the footmarks on the sandstones in 
the valley of the Connecticut are regarded as of triassic 
age ; and such appears to be the opinion of Professor Owen, 
Sir C. Lyell, and many others, as expressed in their latest 
works ; but Professor Hitchcock, and some other American 
authors, who have worked most at the sandstones themselves, 
incline to the belief that they are newer than the trias, ana 
that they probably belong to the upper part of the liassic or 
lower part of the oolitic series. The reader will find the facta 
adduced in support of this new position in Professor Hitch- 
cock's * Ichnology of New England,' 1858 ; but none of these 
appear to us to be decisive either way: and therefore we 
shall continue to call the footmark-bearing sandstones of 
Connecticut triassic. But whatever may be tne final decision 
as to the triassic or oolitic age of these strata, it still 
remains true that the bird-tracks on them are the oldest evi- 
dence yet found respecting this class. At present no bird-bones 
have been obtained from these sandstones, although such are 
said to have been found imder Aves, Fossil, E. C. vol. i. col. 
351. In Professor Hitchcock's classification (1858) of the 119 
species which he believes he can recognise from their tracks, 
thirty-one species belonging to seven genera are said to be birds. 
Since 1858 many other species have been described. There are 
ten other species which he concludes presented a combination of 
the lizard and the bird in their structure, and these he calls 
omithoid lizards. And amongst the marks which he groups as 
lizards and batrachians, there are not a few which were at one 
time assigned to birds, and which have considerable resemblance 
to some of the tracks which are still maintained by the Professor 
to be those of birds. These footprints on the sands of time have 
been collected by thousands, and have been studied more perse- 
veringly and successfully by Professor Hitchcock than by any 
one else ; but he was not the first discoverer, as stated under 
Ornithichnites, E. C. voL iv. col. 122, for Deane was before 
him, and Moody was before Deane, since he dug up a fossil foot- 
track in 1802, and spoke of it as " Noah's raven." A large hall, 
forming the lower floor of the Appleton Cabinet, at Amherst, is 
filled exclusively with ichnological specimens, most of which 
were collected by Professor Hitchcock; and figures of almost 
every kind of footstep are pven in his works. Those assigned 
to birds present great variation of size and form. The sm^lest 
had feet not less than an inch in length, while several of the 
largest had a pedal length of from fourteen to eighteen inches. 
On the whole, they impress us with the idea that the birds of 
the period were remarkable for their size and stout massive feet, 
far exceeding anything in the living world. Assuming that 
there were birds at this period, the evidence does not appear to 
be sufficient to warrant our assigning any of them to recognised 
existing orders. All that can safely be said is that possibly 
waders tenanted North America in mesozoio days, and that we 
may expect to find traces of a similar group of beings in strata 
of the same age in favourable localities on other continental 
areas. 

The real age of these sandstones is of some importance, since, 
if triassic, they contain ornithic traces of a far earlier age than 
anywhere else ; while if they are lower oolitic, they approximate 
more nearly in time to the oldest known osseous avian relics. 
On the former hypothesis, we should have to pass in imagi- 
nation through an immense period of time, during which it may 
be supposed countless birds played out their allotted parts and 
passed out of existence without leaving any remains recognised 
Dy man. During this time were deposited the reptiliieroua 
sandstones of Central England, the muschelkalk of Germany, 
the saUferous beds of Chesnire, the Penarth beds of the West of 
England, the whole of the liassic seriee, and a lam proportion 
of ue oolites. It is in the oolitic limeetonea of Solennofen that 
hare been discovered the earliest undoubted remaina of a 
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feathered biped ; but although the creature has many peculiari- 
ties which are now restricted to birds, it also has a greater 
resemblance to reptiles than any existing binl. The old winged 
creature or ArcJucopteruz had a remarkable development of the 
caudal vertebrae which supported feathers. Further details 
respecting it will be found imder Arch^opteryx, E. C. S. ; but 
here we may say that its skeleton gives the general impression 
that the creature had the habits of a rasorial bird. According 
to Mr. Parker, the species of Chauna^ a South American genus, 
are amongst the most lacertian of birds ; and these he regards as 
the nearest living representatives of the Archiroptej-yx. 

There are veiy few other ornithic remains in strata of pre- 
tertiary date. Most of the bones from the Wealden and cretace- 
ous beds formerly attributed to birds, are now generally believed 
to belong to fishes or reptiles. The only specimens we know of 
are the bones from the upper greensand, near Cambridge, some 
of which form the Pelagomis Barreiti of Seeley ; and some 
remains referred to Scolopax from the greensand of New Jersey 
in North America. 

When we enter upon the tertiary period, we find more abun- 
dant evidence of the existence of birds, many of which do not 
differ cenerically from living forms. By far the largest propor- 
tion of these remains have been found in Europe, so that we are 
scarcely able to trace in what respects the geographical distri- 
bution of the class varied from one epoch to another. 

The eocene species from France comprise Gastoniis parin- 
ensis; Circus sp. ; Haliceetus sp. ; Strix sp. ; Sitta{T) Cuvieri, 
Cenirojpjus (?) anttquus^ Cotumixy Perdrix, Scolopax^ Trtnga Hoff- 
mannii, Pelidna (?), Ardea (?), Numenius gypsorunt, two species of 
PeUcanuSj Teracus littoralw, Camaskelus palustris, Elomis gran- 
die, E. littoralisj E, antiquusy Dolichopterus viator, Mergus Ron- 
zoni, Tetrao (?), Pesdeti, and about a dozen others whose 
affinities have not been determined. The English species at the 
same period were Lithomis mUturinus, L, emuinus, Ptenornia 
sp., Afacrornis tanaupua, Halcyon toliapicus, and a few more 
without names. Switzerland has afforded Protomis glariensis. 

The miocene species are mostly from France, Germany, and 
Greece, as indicated in the following list : — 

France. 

Aquila prisca, 

Sp. allied to Caihartcs itrubu, 

Bvho poirrieri. 

B. arveimiensis. 

Strix antiqua. 

Totanus Lartetianus. 

Palaslodus ambiguus. 

P. crassipes. 

P. gracilipes. 

Anas Blanchardi. 

Larus Desnoyersi. 

Pelecanus gracilis. 

GraculiLS littoralis. 

Pelagomis mioccenus, 

Greece. 

Phasianus Archiaci. 
Gallus Esculapii. 
Grus Pentelici, 

Besides those named there are several other French species, 
which have not been determined ; but it is very probable 
that most of them will be in Milne-Edwards' *Recherches 
Anatomiques et Pal^ontologiques pour servir k Thistoire les 
Oiseaux Fossiles de la France,' a magnificent work, which is now 
in course of publication. The German species were allied to the 
pheasants, sparrows, partridges, snipes, storks, and cormorants, 
and Fulica, 

The pliocene species are few, and not well preserved. They 
comprise a falcon, a wader about the size of a heron, a swinmier 
nearly as large as a swan, and a species named Gallus Bravardi 
from French strata, and some ^^ments which have been doubt- 
fully assigned to Scolopax from (Eningen. A few bird bones are 
also recorded from the famous Siwalik beds of India. 

The caverns, bone breccias, and fluviatile deposits of the 
post-pliocene period have yielded many remains of birds, but 
they are for the most part in a very fragmentary condition, 
which prevents their accurate determmation. They appear to 
belong generally to species still in existence. The Brazilian 
caves, for instance, have afforded upwards of thirty-four species, 
mostly identical with those still to be found in the contiguous 



district. One of the most interesting species of the period is the 
Gallus from the Liege caverns. 

There are also certain species which occur in strata of the 
recent jieriod, and which have become extinct in many instances 
within the memory of man. Such are the Dinornis, Palapienjr^ 
Notomisy and other brevipennate birds of New Zealand ; and 
the Dodo, the JEpyomis, Fulica, and some psittacine birds of 
the Mascarene Islands. Some of these have already been 
noticed in E. C, while others will be mentioned elsewhere. 
[ARCHiEOPTERYX, E. C. S. : iEpYORNis, E. C. S. ; Dodo, E 
C. S. ; PsiTTACiDiE, E. C. S. ; Notornis, E. C. S.] We would 
here notice a wrong reference in E. C. vol. L col. 473. Mention 
is there made of Brachyptcnjx as a New Zealand bird, and the 
reader is referred to Brachypteryx, E. C, where, however, the 
only bird noticed is Brachypteryx montana, a native of Java. 
The source of the confusion is that the term Brachypteryx has 
been applied by Horsfield to a Javanese genus which has 
nothing to do with the New Zealand form to which Professor 
Owen applied the same term. The New Zealand bird is now 
named Ocydromus, The Gimoliomis, mentioned in the same 
column, is a Pterodactyle. The Pterodactyles are generally 
considered to be reptiles ; but Mr. Seeley proposes to form them 
into a sub-class, distinct from reptiles ; but allied to birds. 

Before entering upon any remarks of our own respecting some 
of the statements given above, we will lay before the reaoer the 
general conclusions which M. Milne-Edwards considers may be 
drawn from the facts at present known. " If we rapidly glance 
over the feu^ts which have resulted from the lesearchea on fossil 
birds, we perceive that at one time the class was represented by 
forms, of which those now living afford no adequate idea. The 
Archftopteryx of Solenhofen promises to be the forerunner of a 
series of discoveries of the highest zoological interest, inaamuch 
as th^y will probably reveal a number of abnormal ornithic 
tvpes oelonging to a class which is now so homogeneous and so 
sharply denned. The Gastomis parisiensis and the gigantic 
footmarks of the gypseous series inaicate an ornithic population 
as highly developed as the present The miocene relics show 
that the birds of this period were very much like those of our 
own time ; although certain families, that of Phcsnicopteridas for 
instance, abounded in representative forms, whereas now such 
forms are few, and rapidly falling out of tiie existing creation. 
Finally, in the post-pliocene penod, the ornithological fauna 
was essentially tne same as the present, the extinct members 
having probably disappeared since the invasion of man.'' 

Few pala?ontologists feel more strongly than the investigators 
of extinct birds that the geological, or rather, we should say, the 
zoological record of past ages is not complete. In the case of the 
older ornithic faunas the Knovm numlx;r of species is only one 
tithe of the number that we believe will be discovered by future 
research. This is partially shovm by a consideration of the kinds 
of strata in which the remains are found, as well as of the nature 
of the remains themselves. We have roughly analysed the 
modes of occurrence, and find that the strata may be arranged 
in some such order as below, the most prolific being placed first. 
We have inserted the geological periods to which the remaiiLs 
found in each belong. 

Limestone : oolitic, eocene, miocene. 

Gypsum: eocene. 

Marl : eocene, miocene, pliocene. 

Sandstone : footmarks ; triassic. 

Caves : post-pliocene. 

Loam : post-pliocene. 

Sand : cretaceous, eocene, pliocene. 

Clay : eocene. 

Conglomerate : eocene. 

In almost every case the remains are associated with evidences 
of terrestrial life, such as land plants, insects, mammalia, &c. ; 
and nearly all the deposits are such as would be found either on 
land, in lakes, or near shores. The strata which contain the 
largest number of relics is mainly formed of a lime compound, 
while the argillaceous and sandy strata contain comparatively 
few. The former strata are of the kind that would be deposited 
rapidly from fresh waters, either in fresh waters, or in tne sea. 
The larger proportion of the birds are waders and marah fre- 
quenters ; next in abundance are the predatory birds ; and then 
tne birds of flight frequenting the sea afford the most relics. The 
arboreal birds, and such as do not frequent waters, are generally 
rare ; but they seem to be more abundant in caves, breccias, 
and in the surface deposits of New Zealand than in the other 
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modes of occurrence. It is remarkable that no bones have been 
found corresponding with any of the species that made footsteps 
ill the triassic and eocene beds. This appears to be inexplicable 
at present. One might conjecture that the tracks were made by 
the shore-frequenting members of the terrestrial groups ; and 
that generally those birds were fossilized which were liable to be 
surprised and carried off by sudden floods, more especially the 
waaers. 

We are, however, by no means confident that the triassic foot- 
marks were made by birds. The features generally adduced in 
support of this view are the three forwardly-directed toes, the 

Progressive number of the phalanges of the toes, and the linear 
isposition of the tracks. The trioactyle foot is not unknown 
amongst reptiles. The progressive number of the phalanges is 
also a character met with amongst reptiles, since the monitor 
has toes with two, three, four, five phalanges respectively. The 
linear arrangement of the steps indicates a bipedal mode of pro- 
gression, but it is an open question whether tnere may not have 
been bipedal reptiles. Indeed, there are a few facts which 
directly support this idea. The Iguarwd<m of the Wealden had 
tridactyle fore feet, supported by small fore limbs. The hind 
limbs were far larger than the fore. The footsteps left by this 
animal indicate that it walked permanently or temporarily on 
its hind legs. The same inequatty in the size of the fore and 
hind limbs is observable in the remarkable reptilian, Compso- 
gnathus Umgipts, from the Solenhofen slates, of which Professor 
Huxley says ('Geological Magazine,* vol. v. p. 364) : — "It is 
impossible to look at the conformation of this strange reptile and 
to doubt that it hopped or walked, in an erect or semi-erect 
position, after the manner of a bird, to which its long neck, 
slight head, and small anterior limbs, must have given it an 
extraordinanr resemblance." We do not deny that the tracks 
are those of birds, but that such is the case has certainly not 
been proven. The fact adduced by Dana of the large propor- 
tion of uric acid found in the coprolites associated with these 
tracks is by no means conclusive, since it is a character wliich 
birds share with reptiles. But there appears to be further diffi- 
culties in the way of accepting the ornithic nature of these 
marks. The impressions are the moulds of the external portions 
of the foot, and, therefore, would probably indicate the position 
of the foot pads, or enlargements of the muscle and integuments, 
which shoiud not be assumed to have coincided in number ana 
arrangement with the phalanges. The footmarks of recent 
waders rarely, if ever, indicate the anatomical structure of the 
foot so minutely as to enable us to say how many bones each toe 
had. The thick, massive toes appear, at first sight, to be more in 
harmony with the heavy, bulky proportion of a reptile rather 
than the light structure so characteristic of small birds. Asso- 
ciated with those tridactyle footmarks are others wliich also have, 
or are supposed to have, the progressive numerical development 
of the phalanges ; but they nave four toes directed forward, a 
feature unknown in walking birds. 

If we examine the footmarks of living birds it is rarely that 
the toes present an articulated character ; a character which is an 
exceedingly prominent feature in the triassic footprints. In those 
cases whicn present traces of this feature it appears to be the ex- 
ception, raUier than the rule, that an idea of the osseous structure 
of the toes can be inferred from the impression of the foot In 
some instances we find a pad corresponding to each phalange ; 
in others the pads correspond to the articulations; while in 
others tliere is no correspondence between the number of pads 
and the number either of phalanges or articulations. In making 
these observations we do not wish to underestimate the value of 
ichnological testimony ; since we feel sure that it will teach us 
much when we can correctly interpret what we see. In looking 
through Professor Hitchcocl^s * Ichnology of New England,' we 
notice that in several instances the presumed possession of a tail 
is considered to be at once conclusive against the ornithic nature 
of the species, although the feet marks may be as bird-like as 
those iiniich are admitted by him to be those of birds ; but 
this argument is not so decisive now that we know of the long- 
t^ed ArchcBopteryx ; and Professor Hitchcock has recognized 
this, as will be seen in the quotation made below. One of the 
groups of footsteps was assigned by Professor Hitchcock to mar- 
supisd-like beings. In one genus the footprint had a close out- 
ward resemblance to the foot of a kangaroo ; but more recently 
the Professor has ai^ed in favour of this genus having been a 
bird, and as the views are peculiar we prefer to give them in his 
o\^^l words : — " The recent discovery of a remarkable anunal, 
called by some Griphosaurus, and by others ArchceopteryXy in the 
famous lithographic quarries of Solenhofen in Bavaria, throws 
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some light, I tliink, upon the tliick-toed Litliiclinoxoa [liis terra 
for the animals who made tracks on stone], while these reflect 
some light upon the feathered fossil. For it had feathers, yet 
some of the ablest zoologists pronounced it a reptile. Others, 
however, as Professor Owen of London, and Professor Dana of 
New Haven, believe it to have a predominance of ornithic cha- 
racters so as to make it a bird. Some important parts of the 
skeleton are wanting, as the head, neck, doreal vertebra), and 
sacrum, and the ribs are detached and scattered about. The 
forearm consists of radius and ulna, a metacarpal bone, and a 
few detached small fingers ; also two small slender bones with 
sharp claws, like those on the hind foot, which may have been 
used for clinging, or as weapons of offence. The lower right 
limb consists of a femur, tibia, and tarso-metatarsus, to which 
one hind toe and three fore toes are articulated, the phalanges 
being one, two, three, and four, though the last number is a 
little doubtful, on account of the position of the outer toe. The 
toes are all armed with sharp claws. The tail is six inches in 
length, and consists of twenty vertebras, of narrow elongated 
form, diminishing in size to the last The feathers of the tail 
are attached in pairs to each vertebra throughout its entire 
length. 

" Now between these characters and those of s©me of our 
Lithichnozoa, there are some remarkable analogies or resem- 
blances, so far as I can judge, and which I would now indicate 
-—at least such as have arrested my attention — ^with some of the 
inferences that follow. It is perhaps unexpected that they ally 
the Arch(Bopteryz rather to the quadrupedal AnoTnoeptu than the 
biped tridactyles in my * Ichnology.' (1). In both we have on 
the hind foot three front toes articulated to a stout tarso-meta- 
tarsal, and not as in all animals, except birds, to a tarsus of 
several bones. This resemblance appues also to the biped, 
thick-toed, tridactyle Lithichnozoa as well as to the Anomnrpiis, 
for they must all have had tarso-metatarsals below the tibia and 
fibula, though no impression among the tracks indicate any such 
bone. But we have the most decisive evidence that these 
animals had only three toes, and where in existing nature do we 
find that number articulated with anything but a tarso-meta- 
tarsal, except a few cases in the Ruminantia and Solipedia. (2). 
They both had the same number of phalanges in the three front 
toes, thdtigh a little doubt remains as to the outer toe of the 
latter. The same number of phalanges existed in biped Lithich- 
nozoa, so far as we can judge by their tracks. (3). The pos- 
terior extremities of both, as far as the tarsal joint, correspond 
exactly with those of living birds ; hence the tracks of the bind 
feet of the Aruymofpus, as well as those of the trifid Lithichnozoa 
under consideration, are pronounced at once, on first seeing 
them, to have been made by birds ; and it is only when we 
occasionally see where the Anomonms brought its fore feet to the 
ground that we suspect it could have been four-footed. (4). 
Precisely how much correspondence there may be in the anterior 
extremities of the two animals we cannot decide. The Archa- 
opteryx is thought to have had but one metacarpal bone, and the 
fingers are so scattered that their number is not given, but two 
are described as slender with long claws. The most perfect 
track of the fore foot of the Anmnoepus has five toes, the two 
hindmost showing two phalanges ; the third, four ; the fourth, 
three ; and the farthest two. The four last toes at least show 
small claws. The fingers are arranged so as to be fan-shaped, 
all pointing more or less outward, resembling an expanded wing. 
But they seem to be genuine fingers, and there is no appearance 
of feathers on any of the tracks, on the hind or fore feet. This 
certainly looks more like the fore foot of a lizard, and still more 
like that of some mammals, than the forearm of a bird, and it is 
difficult to conceive how it could have been used as an organ of 
flight ; though possibly it might have been employed for pre- 
hension. But, on the other ^nd, we have conclusive evidence 
that it was not used for walking, except perhaps occasionally 
and imperfectly. The right and left anterior feet that made the 
tracks were placed almost invariably nearly abreast of each 
other, as if the animal were resting, and not in alternation as in 
walking. But of more than forty steps of AnorMepua intermediiUy 
shown on the remarkable slab described in this paper, the fore 
feet show themselves only twice, and that when the animal 
rested. Indeed, we may safely assume that the principal object 
of the fore feet was not locomotion, and the same remark is 
applicable to other species, even the gi^ntic Otozoum, What 
other purpose in the economy of these animals could have been 
subserved by such a structure, except perhaps prehension, I will 
not attempt to describe. Yet the fact has awakened an inquiry 
whether such a structure may not have existed in an animal 
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whose predominant characteristics were those of a bird. (6 
But there was a tail, and how shall we reconcile that fact wi 
an ornithic character? It might have been impossible before 
the discovery of the fossil at Solenhofen. But that animal had 
a tail six inches long with twen^ vertebrsB. and yet the most 
eminent zoologists regard it as a bird. The cnaracters of the tail 
of the Anomospus are very peculiar, yet there are some curious 
resemblances between its markings on stone and the tail of the 
Archceopterifx. The traces of the tail of the Anomcepus have 
three aistinct phases. The largest species left a heart-shaped 
indentation, which was repeated everjr few inches. Would not 
such impressions be just what we might expect if this animal 
had such a short blunt tail as the Atchasopteryx ? And does it 
not suggest one of the uses of such a tau, viz., to furnish the 
animal with a sort of third hind foot to help sustain it, while it 
mieht use its fore feet perhaps for seizing upon objects above 
ana around it "Hie tail of the AnoTnceptLs mtermedius^ although 
rarely leaving an impression, did sometimes dra^ along and 
make a narrow continuous trail. This would indicate greater 
length and perhaps tenuity. But how much of attenuation and 
elongation might be consistent with the ornithic type, we have 
no means of knowing. Professor Dana speaks of a posterior 
elongation of the body as ' connected profoundly with inferiority 
of grade in the different types of animal life,' and says, that * it 
is tne very one of all abnormal features to be looked for in the 
early bircfs.' Upon the whole the singular markings of the tail 
upon stone, with the exception perhaps of A. intermediuSj do 
really suR^est a curious coincidence between the caudal extre- 
mity of tms genus and that of the Archceopteryx (6). 

But to return to the Anomospus : which cnaracters shall we now 
regard as predominating in its structure and movements, those 
of the bird, or those of the lizard, or of the mammal ? It is 
difficult to avoid the conclusion that the ornithic characters are 
the most numerous and striking. It may, after all, have been a 
bird, of so low a grade, however, that, even with its skeleton 
before him, the anatomist would hesitate where to place it, as in 
the case of the Archceopteryx. (7). This conclusion, to which the 
facts and reasoning have conducted me, not without remaining 
doubts, would, not long since, have appeared very absurd. But 
if it could be admitted see what a relief it would give to difficul- 
ties. If the Anomapiu were a lizard or marsupial^ we must give 
up that firmly established law of correlation wnich enables us to 
distingui^ different cksses of animals by the number and 
order of phalanges ; but if it were a bird that law can still be 
reckoned upon among the fossil as well as the living animals. 
If a bird, we can see also how it was that it generally walked 
upon two feet, although it had another pair^ to be used perhaps 
for several purposes, but rarely for locomotion, (8). If we can 
j>re8ume that the Anomoepy^ was a bird it lends strong confirma- 
tion to another still more important conclusion, which is that 
all the fourteen thick-toed bipeds, which I have described in the 
* Ichnology,' and in this paper, were birds. In this case, if we 
can retain the law as to the phalanges all the characters of the 
animals, as made known by their tracks, belons to birds, with 
little variation from the existing bird type. Tney were oipeds 
unquestionably. Since they are the most abxmdant of the 
tracks, I have now seen thousands of them, and had fore feet 
existed I am sure they would occasionally have left some trace 
of them, as in the case of every other species of Lithichnozoa, 
They had but three toes ; at least if a fourtn existed it must have 
been articulated so high as not to reach the ground. These 
three toes are articulated to a tarso-metatarsal, as is the case 
with nearly all tridactyle animals. They had the same number 
of phalanges as the birds. The impressions left by the cushion 
beneath those processes of the tarso-metatarsus which form the 
heel correspond to those which living birds would make, and, 
80 fiEur as 1 have examined, not to those of any other class of 
beings, though my examinations on this point have been few. 
The claws and papillso i^^e essentially with those of birds. 
Finally the great length of stride in some cases, and the position 
of the tracks nearly on a ri^ht line, indicate long lep of wading 
birds, and not any other kmd of animaL Most of these argu- 
ments are good for the ornithic origin of these tracks, whatever 
opinion we may entertain as to the Anomospus, The only dif- 
ference is, that if we regard it as a reptile, the argument from 
the number of phalan^ must be given up ; if as a bird, that 
strong evidence is retained. But even without this I cannot 
hesitate to reckon the biped thick-toed lAlMchnozoa as birds ; 
for I see no characters in their tracks that ally them to any 
other animals. I must consider them not only as birds, but as 
forming a quite perfect type of birds for sandstone days. The 



analogies taught us by palaeontology would lead us to expect 
also in the same period a lower group of birds, and these may 
have been the Archceoptetyx and perhaps the Anomcepus wi^ 
some other genera of iAth\4:hnozoa tnat I might name." ('Ame- 
rican Journal of Science.' Second Series. voL xxxvi p. 60, et teq, 
1863.) 

The presence of the genus GaUus in the strata of France and 
Greece is interesting as showing that its range formerly extended 
into Western Europe, whereas it is at present not known in the 
native state out of Asia. It is generally believed that our 
poultry were originally derived from India ; but as the genus 
existed in Greece in miocene times, and in France during the 
period of the cave-men, it is possible some of the breeds are 
domesticated European species. 

BIRDS OF PARADISE HE. C. voL i. cols. 474—480]. These 
gorgeous creations, the near allies of the sombre hued crows, are 
only to be found in New Guinea and the neighbouring islands. 
Many years ago Lesson voyaged throujgh this distric^ and in the 
course of a few weeks succeeded in obtaining individuals belonging 
to ten or eleven different species. A few years ago the celebrat^ 
travelling naturalist, Mr. A. R. Wallace, made voyage after voyage 
during five successive years for the special purpose of searching 
for these lovely creatures ; but he could only obtain by purchase 
or otherwise five of the thirteen species Imown to innaoit New 
Guinea. This poverty of result was owing to the fax greater 
scarcity of the birds now than in Lesson's time. Although Mr. 
Wallace failed in obtaining many species he has added much to 
our knowledge of their distribution. On visiting the localities 
where Lesson obtained the majority of his specimens, Mr. Wid- 
lace soon discovered that these localities were not the places 
where the birds actually existed. The specimens were ob- 
tained by natives living in the interior of^ Borneo, and were 
transferred by them in Sie ordinary course of barter to the in- 
habitants of the villages on the sea coast. Owing to the ex- 
tensive trading operations of the natives it ishazardous to 
suppose that the habitats of the birds obtained by Lesson 
are at the places where he bought theuL The general residts 
of Mr. Wallace's researches may be given in his own words. 
" Nature," he says, " seems to have taken every precaution that 
these, her choicest treasures, may not lose value by being too 
easily obtained. First we find an open, harbourless, inhospitable 
coast [the north shore of New Guinea], exposed to the full swell 
of the Pacific Ocean ; next, a rugged and moimtainous coimtiy 
covered with dense forests, offering in its swamps and precipices 
and serrated ridges an almost impassable barrier to the central 
regions; and lastly, arace of the most savage and ruthless character, 
in the very lowest stage of civilization. In such a country and 
among such a people are found these wonderful productions of 
nature. In those trackless wilds do they display that exquisite 
beauty and that marvellous development of plumage, calculated 
to excite admiration and astonishment amongst the most civilized 
and intellectual races of man. A feather is itself a wonderM 
and a beautiful thing. A bird clothed with feathers is almost 
necessarily a beautiral creature. How much then must we 
wonder at and admire the modification of simple feathers into 
the rigid, polished, wavy ribbons, which adorn Parctdisea rubra, 
the mass of airy plumes on P. apoda, the tufts and wires of 
SeUucides alha, or the golden buds borne upon airy stems that 
spring from the tail of Cincinnurus regius; while gems and 
polished metals can alone compare with the tints that adorn the 
breast of Parotia sexsetacea and Astrapia nigra, and the im- 
mensely developed shoulder plumes of Epirnachus magnus. I 
will now point out the distribution of the species of Birds of 
Paradise as far as I have been able to ascertain it. The Am 
islands contain Paradisea apoda and P. regia; and we have no 
positive knowledge of P. apoda being foxmd anywhere else. 
Mysol has P. papuana, P. regxa, and P. magni/cn; Waigiou, P. 
rubra only. Salwatty. though so close to New Guinea, has no 
restricted Paradiseos, but possesses P. re^ia, P. magnijica, Epi- 
machus albus, and Sericulus aureus. The island of Jobie and the 
Mysory islands beyond it certainly contain true ParaditoB, but 
what species beyond P. papuana is unknown. The coast dis- 
tricts of the northern psot of New Guinea contain P. papuana 
and P. regia pretty generally distributed, while P. magn^ca, Pk 
aJha and Sertculus aureus are scarce and locaL Lastly, the cen- 
tral mountains of the northern peninsula are alone inhabited by 
Lophorina superba, Parotia sexsetacea, Astravia nigra, Epima^ikiis 
magnus, and Cra^pedophora m^agnijica; ana here also probably 
exist the unique DiphyUodes Wiisoni and ParadigaUa caruncrdata. 
The most widely oistributed of the Paradisece is, therefore, the 
little P. regia, which is found in every island except Waigiou, 
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Neit, and probuLly most abundant in individunls comes 
P. papaana, wanting oulj in Aru, Salwatty, and Waigion. The 
neit most widely spread apecies ia P. inagnifica, occurring in 
two islanda (Salwatty and Mysol) as well aa on the mainland. 
The other species are all found on the mainland only, with the 
exception of P. apoda (probably restricted to Am), and P. rubra, 
which, being certainly confined to the small island of Waigiou 
offers the most restricted range of the whole family. It ia inte- 
resting to remark that all the islands on which true PaTodisKs 
ore found are connected by banks of soundings to the mainland 
of New Guinea. The hundred fathom line includes the islands 
of Aru, Mysol, Waigiou, and Jobie, which have probably been 
at no distent geological period, connected with New Guinea ; 
while K^, Ceram, &c., are separated from it by deep sea, and on 
tliem no Paradisea exist. The island of Gilolo, on which the 
genus Senieoptera occurs, extends towards 'Waigiou, and lias the 
island of Giiebe eiactly between the two, suggesting the proba- 
bility of a connection between tliem ; but the ilepth of the inter- 
veuiug sea is unknown. It may be considered an certain that 
every species of Paradise Bird yet obtained from the natives has 
come from the north peninsula of New Guinea, that being the 
part most frequented oy the Malay traders. The vast extent of 
countrr east oi 136° E. long, is quite unknown ; but there can 
be little donbt that it contains others, and perhaps yet more 
wonderful forms of this beautiful group of birds. If we look 
round the whole circumference of the globe we shall be unable 
to find a region at once so promising to the natuialist, and so 
absolutely a terra incognita as this great tropical land ; and it is 
to he hoped that our explorers and naturalists may soon be in- 
duced to direct their attention to this liitherto neglected 
country." ('Proc. ZooL Soo.' p. 186. 1863). 

Some of the genera mentioned, viz., Ailrapia and Epimadau, 
ore not usually placed in the family Paradiieida, but to families 
placed nest to it The DiphylUxUt WiUoni mentioned in the 
quotation is no longer unitjue. A bird was obtained from 
waigiou and was described m 1864 as the type of a new genua 
under the name of SchUgelia calm, bat it has since turned out 
to be identical with Diphytiodes tViUoni. 

BISMUTH. Amongst the new localities for this metal may 
be mentioned (I) the Atlas mines of Devonshire, where it occurs 
in a vein containing ^th part by weight of bismuth ; having a 
width of three feet, and yielding 300l. worth of the metal per 
fathom ; (2) the fianks of Mount Illampu in Bolivia, where it 
occurs in laree blocks on which a few crystals of gold are occa- 
sionally found ; and (3) New Zealand. 

Bismuth is remarkable for expanding when it passes &om the 
liquid t« the solid form, resembling in this respect water. It is 
also remarkable for having its density lessened when subjected 
to pressure. For example, a specimen whose sp. gr. was !>'8 had 
its density reduced to 9-65 by a pressure of 200,000 lbs. 

In the Cyclopffidia article a mistake is made with reference to 
Bitmalh-Qlanre. The 33rd line from the top of coL 482, should 
read thus : Bitnuilh-Glance, Bimnvthiju, a trisulphide of bis- 
muth, &C. 

BISON [E. C. vol. i. cols. 482—4811. The European bison, 
which appeared on English soil long oefore the mammoth and 
tichorine rhinoceros ; which left its remains in the Norwich 
crag ; which thrived during tlie successive periods when the 
land was enveloped in snow and ice, tlie valleys were scooped 
out, the gravel laid down on the valley flanks, and the caves 
filled with the relics of the post-pliocene fauna ; wliich lingered 
on to the time of the lake-dwellers of Switzerland ; of the for- 
mation of many peat bogs, and even to the 10th century, when 
it was used as food by toe Swiss ; the animal which has lived 
through all these changes has long ceaaedto be adenizen of Western 
Europe, and is probably only saved from extinction through the 
protective hand of man. Formerly it roamed over the greater 
part of Europe and Asia, whereas now it is only to be seen on a 
tew isolated spots in Lithuania and Western Asia. During the 
period of its long existence in Western Europe it saw its original 
associates die o£r or retreat to other lands. The cave bear, the 
cave hyeenOj the cave tiger, the mammoth, the tichorine rhino- 
ceros, the hippoputamus, the musk oi^ and ttie rein-deer, all 
gave way to the altered condition of things, and left the bison as 
one of the few representatives of the post-pliocene fauna. Hence 
the latest portion of the post-pliocene period is designated by 
Lartet as the epoch of the aurochs. [Pobt-Pliocbnii, E. C. S.l 

BLASTOIDEA, an order of Echinoderma, which has already 
been partially noticed tmder Encbihiteb, E. C. Thcspecies have 
somewhat the form of flower buds just about to expand into 
blossoms, and are su^^ited on a long stem by which tliey were 
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probably attached to the rocks. All the genera are extinct, and 
consequently our knowledge is entirely confined to the hard 

The calyx presents various forms, such as that of an egg, a 
top, an olive, and a cylinder, and is composed of a certain mmi- 
ber of calcareous, or occasionallv siliceous, plates which consti- 
tute a firm scaffold enveloping tne digestive cavity. The thick 
outer wall of the calyx is built up of thirteen angular plates 
arranged in three rows. In perfect PmtTemites there are sixteen 
plates in four rows ; and probably Uie same number will be 
found in the other genera. Immediately above the stem are 
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three basal pieces (/ff. 1), two of which are pentagonal and equal, 
whUe the third is smaller and quadrangular. Upon these rest 
five radial pieces equal among thems^^s, and m most cases 
having on their upper side a broad deep groove. Two of the 
radial pieces are supported by one side only of a basal piece, 
while the other three are each in contact with two adjoining 
basal pieces. The branches of the radial pieces alternate with 
five inter-radial pieces, of a lanceolate subrectangular form. The 
five inter-radial pieces do not quite meet at the upper pole, but 
leave there a five-cornered aperture which is genenilly regarded 
as the mouth, although in some species of Pentremita and Elaa- 
mniw this opening is covered by a number of calcareous platea 
tjlg. 2). The grooves ia the radial pieces receive the paeudo- 
ambulacral areas, which, according to Rteraer, are composed of 
three series of jiieces superposed on one another. The base of each 
groove is occupied throughout its length by a series of compressed 
tubes, arranged parallel to the edges of the branches of the radial 
pieces; uponthemie a single median lanceolate piece, whichia fur- 
nished on each side with a number of ""m l I porol pieces, alter- 
nating with groups, also transverse, of still smaller pieces, known 
as the supplementoiypoTal pieces. There arafrom ten to fifty or 
more of these in a tow, and their total number in each individual 
ranges from 200 to 1000. The supplementary porol pieces are 
almost countless. In some species the small lanceolate piece un- 
derlies the poral pieces ; and in others the siipplementary poial 
pieces are wanting. The outermost layer of the ambulacralarea 
IS made up of a number of filiform articulated appendages, which 
resemble the pinnules in the arms of orinoids, while their num- 
ber and bilnteral arrangement correspond with those of the 
lateral pores, entirely covering the series of poral pieces. 

The definition of the genus Pentremitet given by Say and 
Rcemer has been corrected since their time by means of perfect 
specimens, De Koninck and he Hon give the following de- 
scription ; basal pieces 3 ; of which one is smaller than the 
others ; radial pieces, 1x5, forked and huge ; inter-radial 
pieces, 1 x &, inter-radml, lanceolated, small ; pseudambulacra, 
1X6, covered with pinnules ; buccal aperture single and cen- 
tral ; anal aperture smglc and lateral ; ovarian apertures, 2 x &, 
situated round the mouth. The principal difference is in the 
number of apertures, which, according to Say, were five in 
number. These five apertures are in reality compound, and are 
situated on the summits of the inter-radial pieces. In four of 
these pieces the channels are divided by a central longitudinal 

Silate, and are similar in size. The channel in the fifth piece is 
arger, and contains two lamellte, which thus form three canals, 
the central one of which corresponds to the anus, and the two 
lateral ones to the oviducts. In the genus Elaaerinju, the 
buccal and anal apertures are not separated, but form a single 
elongated opening. More recently Mr. S. S. Lyon lias disovered 
specimens which require a slight modification of the above defl- 
mtion. It should commence thus : — Basal pieces, 1x3, short, 
brood, nearly equal in size ; first radial pieces [= basal pieces in 
the definition], 1x3; second lodial pieces, 1 X 6, 4c 
In the above description certain functions are assigned to the 
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various apertures ; but it is doubtful if any of them have been 
correctly named. Thus we have already noticed that the central 
aperture is covered in several species. In Pentremites Norwoodi 
the whole central space between the tubes at the summit of the 
inter-radial pieces and the anal aperture is overlaid with an inte- 
gument of microscopic plates which entirely covers the central 
aperture, passes between the bases of the tubes in a double series 
of plates, and probably continues far down the central ^oves 
of the pseudambulacral areas. In the perfect state this mtegu- 
ment was of a sharply stellate form, the component plates 
being so small that a space half a line square would contain 30 
of them. Mr. White nas pointed out that this structure does 
not support the assumption that this aperture is a mouth ; he 
also doubts whether the ovarian apertures had anything to do 
with the ovaries. He thinks it probable that the eggs were ger- 
minated within the body, found their way out tnrough the 
central summit aperture, and were conveyed along the small 
central grooves of the pseudambulacral areas, beneatn the plated 
integument, to the base of the tentacula, where they were deve- 
loped and dischaiged. 

Bronn states the number of species of Blastaidea at 51, all of 
which have been obtained either from Western Europe or the 
United States of America. The Blastoidea are represented in 
the Upper Silurian by three species of Pentremites; in the 
Devonian by six PentremiteSj two CodonasteTf one EkeacrmtLSf and 
one Eleuiherocrinus ; in the Carboniferous formation by 36 Pen- 
tremiteSf and three Codonaater ; and in the Lower Chalk by 
two species of the doubtful genus Phyllocrinus. Since Bronn s 
work was published one species of Uodaster (1 Codonaster) has 
been found in the Carboniferous Limestone of Iowa. 

(Bronn, Die Klassen und Ordnungen der Thier-reicks, Band. 2, 
1860 ; White, Boston Journal of Natural History, vii. p. 481 ; 
Koninck and Le Hon, Becherches sur Us Orinoides des Terrains 
Carbonifires de la Belgique, 1854 : Lyon, S. S., Transactions of 
the Academy of Science at St. Louis, L pp. 628 — 634 ; Shumard, in 
the volume last quoted, pp. 238 — £48 ; Hall and Whitney, lie- 
port of the Geological Survey of tJie State of Iowa, voL i. pt. 2, 
1858). 

BLOOD FE. C. voL i. cols. 509—517], a fluid, through whose 
agency nearly all the functions of organic life are performed. 
On this account it is of the highest mterest, not only to the 
pathologist and physiologist, but also to the chemist and the 
zoologist. Its remarkable properties must also give it a high 
interest in the mind of the ordmary reader. It courses through 
the blood-vessels at rates varying from one to several inches per 
second, and imdergoes changes in its passage through every 
part of the body. These changes are so numerous and so 
complicated that as yet we have failed to trace them in their 
consecutive order ; but enough is known to convince the observer 
that they are intimately connected with the functions of the 
various oi^gans, and that if rightly interpreted they afford a 
clear insight as to the nature of the processes which are in 
operation, and whether such processes are due to a healthy or 
morbid condition of the body. The various diseases, the dif- 
ferent temperaments, and even the alternating feelings of the 
individual, such as high elation at one time, and depression 
at another, are more or less associated with, and in part dependent 
on, certain conditions of the blood. We believe the different 
races of men could be characterised by differences in their 
blood, and certainly differences are known to prevail amongst 
different species of animals. In the same individual the blood 
is constantly undergoing changes, not only from minute to 
minute, but during Sn the ^reat ages of life, from the earliest 
embryonic stage through Uiat during which the infant is 
mewling and puking in the muse's arms, and on to ^at of 
second childhood, when ends the strange eventful history of 
our life. It is very probable that the order of the evolution of 
the various organs is determined by the condition of the blood ; 
as also the remarkable correlation between all parts of a struc- 
ture ; and many of the facts connected with the variation of 
species. The morphologist knows that hair is always associated 
with creatures who suckle their young, but he can give no 
reason why it is so. The zoologist knows that under certain 
conditions the female bird will assume the plumage of its 
mate, and that the castrated stag will not develop its lordly 
antlers, so distinctive of its sex, and that eunuchs do not possess 
beards. Facts of a similar kind might be cited by hundreds. 
They all illustrate the principle that, when the composition of 
the blood is altered, either by the withdrawal from it of some- 
thing which supplies a new lunctional organ, or by the addition 
to it of something which would otherwise have supplied some 



organ, a change takes place in some other part of the body. 
The data upon which these hypothetical views are founded will 
be given in the sequel ; our object at pi-eseut being to impress 
upon the reader tnat the blood does not possess that delinite 
unvarying character which is commonly supposed, but that it is 
always on the change. Notwithstanding this, however, its 
general character is remarkably uniform and constant. It is 
owing to this that the analyses given in books have lost 8o much 
of their value, since they seldom tell us from what part of the 
body, and under what conditions, the specimens were obtained. 
Illustrations of this point will be referred to in the course of 
this article. 

Th6 quantity of blood in the human body is genendly esti- 
mated at about one-twelfth of the weight oi the mdividual ; so 
that there would be from 12 to 15 Ids. in a man of average 
height In some instances it may be even more than this ; for 
cases are on record in which 24 lbs. were collected from the 
body of a decapitated female ; and Bernard has made the im- 
portant observation that a fasting animal will yield only half 
the quantity that may be obtained from it after a full meaL 
Judging from the rough imperfect measurements which have 
been made, it would seem that animals ^nerally have a smaller 
quantity of blood relatively to their Dulk than men. Thus 
Herbert estimated the proportion between the weights of the 
blood and the whole body to be as 1 to 12 in the ox ; 1 to 16 in 
the dog ; 1 to 18 in the horse ; 1 to 20 in the goat, calf, lamb, 
and hare ; 1 to 22 in the sheep and cat ; and 1 to 24 in the 
rabbit. These fibres are not to be relied on too fidly, since it 
is an extremely difficult thing to ascertain correctly the quantity 
of blood, and since it is essential that the individuals should be 
imder corresponding conditions as regards their state of health, 
their temperament, the quantity of food within them, and the 
time when they took it, their age, their size, whether above 
or below that of the average of tne species, and other points, 
which are seldom attended to by experimenters, ana still 
seldomer mentioned in the published descriptions of experiments. 

When circulating in the Dody, the blood consists of two parts, 
or corpuscles, floatmg in a fluid called the *' liquor sanguinis." 
The nquor sanguinis itself consists of various ingredients, 
being an aqueous solution of fibrin, albumen, several salts, 
and a few gases. As it is convenient to be able to compare the 
relative compositions of the corpuscles and the fluid in which 
they are immersed, we append here Strecker^s analyses of them ; 
the' numbers indicate the proportion of each ingredient in every 
1000 parts ;— 

Bed Corputdes, Liquor Sanruini*. 

Water 68800 90290 

Solid residue .... 31200 97*10 

Hsematin (including iron) . . 16*75 -> 

Globulin and cell membrane . 282*22 — 

Fibrin — 4*05 

Albumen ..... — 78*84 

Fat 2-31 1*72 

Extractive matter . . 2*60 3*94 

Mineral substances . . . 8*12 8*55 

Chlorine 1*686 3*644 

Sulphuric acid . . . *066 *155 

Phosphoric acid .... 1*134 *19l 

Potassium 3*328 '323 

Sodium 1*052 3.341 

Oxygen' -667 403 

Phosphate of lime . . . *114 *31l 

Phosphate of magnesia • • . '073 *222 

The corpuscles are of three kinds — ^viz. (1) the colourless 
nucleated, (2) the red nucleated, or pyrensematous ; and (3) 
the red, non-nucleated, or apyrenaematous ; and perhaps there 
is a fourth kind But little is Known respecting the last, and all 
that can be said of it is that it is very sniall, almost transparent, 
and imafiected by acetic acid. 

The first kind, or the colourless nucleated corpuscle, is found 
in all the vertebrated animals. A similar corpuscle is met with 
in the invertebrata, but it has not been ascertained whether it is 
to be identified with that in the blood of the higher ATiimftU , 
In the Vertebrate sub-kingdom these corpuscles are circular or 
slightly oval, and their size varies but little. In Uie higher 
animals their diameter is about ^^ of an inch, while in the 
reptiles they are a trifle longer, or about s^th of an inch. 
Tney are somewhat larger than the corpuscles of lymph, from 
which they further differ in being nucleated, and in being ener- 
getically acted upon by acetic acid, which causes the nucleus to 
contract upon itself, and become more distinct. The colourless 
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corpuscles are more firm, less elastic, and move more slowly in 
the blood-vessels than the red corpuscles ; they do not adhere 
together, and they move along the outside of the current close 
to the sides of the blood-vessels. These facts have already been 
mentioned in the Cyclopaedia article ; but we wish to associate 
them with the observation of "Wharton Jones that they undergo 
incessant modifications of form. Their circumference is bulged out 
from time to time in protrusions, which are retracted in one place 
and then pushed out in another, reminding one of the similar action 
of the Amoeba and other rhizopods. These motions are best seen 
in those corpuscles which are adherent to the sides of the blood- 
vessels. There is a paper, by Hering, on the knowledge of the 
vitality of blood-cells (* Zur Lehre vom Leben der Blutzellen ') 
in the ' Sitzungsberichte ' of the Academy at Vienna (vol. 56, 
abtheilung ii, and vol. 57, abtheilung ii.). In it he notices 
the remarkable resemblance between the Ijy^mph-cells and the 
young colourless blood cells ; the facility with which the latter 
change their forms ; and the tendency they have to adhere to 
the walls of the capillary channels. Their extraordinary plia- 
bility when thus adherent is referred to. Thus he states that he 
has seen such globules drawn out to three or four times their 
ordinary diameter by the force of the blood-current When 
thus fixed the contents of the globules are dialized out through 
the walls of the capillaries ; and sometimes, as is stated, the 
corpuscles themselves work their way through the sides of the 
vessel. The latter observations have been confirmed by Cohn- 
heim and othei's. The same periodical contains, in the volumes 
for 1867 and 1868, several important papers on this and other 
subjects relating to the blood, by Strieker, Briicke, Hovida, and 
Golubew. The corpuscles are found to vary considerably in 
number, being four or five times as nimierous at one time as 
at another. Thus Dr. Hirt has Toimd them to be in the propor- 
tion of 1 colourless to 716 coloured corpuscles before breakfast ; 
1 to 347 half an hour after breakfast ; 1 to 429 half an hour 
after dinner ; and 1 to 544 half an hour after supper ; 1 to 
1514 about three hours after breakfast ; 1 to 1481 about the 
same lapse of time after dinner ; and 1 to 1227 about a similar 
intervw after supper. They increase after a meal, and diminish 
in the intervals, with the exception of that between supper and 
breakfast, when, if Dr. Hirt's observations are to be relied on, 
they increase. They abound in the blood of the splenic vein ; 
are more numerous in youth than in mature age, and form a 
laige proportion of the blood in reptiles and fishes, or one- 
sixteenth of a frog's blood in February, and one-sixth in August. 
In Amphioxus, and the invertebrata generally, they form the 
entire bulk of the blood. In man and the higner animals they 
are sometimes developed in such numbers as to form the disease 
termed Uucocythcdmia : it prevails in individuals suffering from 
affections of the spleen, liver, and lymphatic glands, and is 
accompanied by a marked increase in the quantitv of fibrin. These 
corpuscles abound more in young, sickly, and ill-fed individuals, 
than in those who are old. or healthy, or well-fed. They seem 
to be developed most wnen the nutritive functions are in 
the highest state of activity, and to accumulate most in young 
individuals in which the nutritive functions are in partial 
abeyance. The association of abnormal quantities of fibrm and 
colourless corpuscles appears to be a coincidence rather than a 
relation of cause and effect. Thus Mr. Paget has observed that 
a blister produces a different kind of matter in a healthy than 
in a very unhealthy individual. In the former it consists 
almost entirely of firm fibrin, while in the latter the colourless 
corpuscles are unusually abundant 

The r^ corpuscles are^ as we have said, of two kinds, but as 
the paler variety is frequently referred to in physiological books 
as the colourless corpuscle, it is difficult to ascertain whether the 
remarks refer to the colourless nucleated corpuscle already 
described, or the nucleated corpuscle which we are about to 
notice. Under these circumstances, we shall follow Mr. Gulliver 
as our guide. The nucleated corpuscle is a cell within a cell, of 
an oval shape, of a generally pale colour in the lower verte- 
brates, being almost colourless in fishes, and pale vellow in 
reptiles, whue in birds they are of a brighter red even than in the 
mammalia. In man and the mammalia, corpuscles supposed 
to be identical with these are developed in the earliest 
embryonic stage, and have disappeared entirely long before birth, 
when they are replaced by the permanent set of red corpuscles, 
which are much smaller in size. Mr. Qulliver dwells especially 
upon this discovery of the presence of a nucleus in the principal 
blood-corpuscles of the lower vertebrates, and of its absence in 
those of the higher. " Thus," he remarks, " is plainly unfolded 
the most univei-sal and essential difference ever before discovered 



between the mammalia and the oviparous vertebrates ; for this 
one minute point is in truth so large and extensive as to cleaily 
chai-acterise the divisions in question in any sex, and at any age, 
which not one of the old diagnoses will effect ; " and on tlus 
basis he proposes to classify the vertebrate sub-kingdom into 
the two great groups of Pyrenasmata, or those which have a 
nucleated blood-corpuscle, and the Apyreruemata, in which the 
blood corpuscle is not nucleated. In birds, they vary from a 
broad to a narrow elliptical shape, but do not generally present 
any greater divergence in size than is to be foimd in a single 
order amongst mammalia. The blood-corpuscles of reptiles are 
similar to those of birds in structure and shape, but vary widely 
in size. The^ are largest in the naked amphibia, more especially 
in those which retain their branchi» through life, and are 
smallest in the lizards, tortoises, and serpents. Those of the 
Proteus and Lepidosiren have long been noticed as the largest, 
both relatively to the size of the species, and absolutely ; and of 
late years it has been ascertained that in the kindred species, the 
Sieholdia maxiina, they are almost as large as in Proteus. The 
difference in the size of the corpuscles of Sieholdia and the 
Crocodile is remarkable, the former is an animid about 3 feet 
long, and its corpuscles are such, that 450 of them placed end to 
end would cover the space of an inch, whereas it would require 
1230 of the corpuscles of the crocodile, an animal 20 feet long, to 
cover the same space. In fishes, the corpuscles are more tender, 
and less durable than those of reptiles and birds ; and they 
present considerable variety of size and shape. They are on the 
average far smaller than those of reptiles ; tney are lai^est in the 
sharks, and perhaps smallest in the cyclostomes. They are oval 
in the former group, and round in the latter. 

The red corpuscles, without nuclei, are biconcave bodies, with 
a raised circular margin. They are non-homogeneous, and 
consist of a colourless membranous base, with a semi-fluid 
or viscid matter in which the colour resides. This matter, which 
forms the chief bulk of the corpuscle, is very soluble in water. 
The corpuscles are slippery, soft, elastic, and viscid ; will assume 
a variety of forms, generally returning to their regular shape, 
and stick together in piles, sideways or edgewise. If they are 
washed in water, the membranous base remains behind, and is 
the globulin of some authors. They are, in this state, quite 
insoluble in water, and so transparent, that it requires the action 
of corrosive sublimate to render them sufficiently opaque to be 
seen. There are, however, a few exceptions to the statement 
that the shape is circular and biconcave, since amongst the 
Camelidx they are oval ; but they may at once be distinguished 
from the similarly shaped corpuscles of other vertebrates, since 
they have no nucleus. The corpuscles are thin-walled, hollow 
bodies, whose shape is more or less influenced by the density of 
the fluid, without and within them. There is apparently a 
constant osmotic action, and any marked change in the relative 
densities of the liquor sanguinis and the fluid within the 
corpuscle will at once cause its shape to vary. It is in this way 
we may account for the strange shapes tliat are exceptionally 
met with. At times we find them swollen, puckered, or shrunk 
into a variety of figures, such as flat, band-like, or shallow circular 
or oval cups, stellate, notched, granulated, mulberry-shaped, 
crescentic, angular, lanceolate, fusiform, comma-shaped, &c. 
Amongst the Uervidae these strange forms appear to be imusually 
abundant The biconcavity of human blood-corpuscles is an 
indication that the fluid of the liquor sanguinis is passing into it 
faster than the fluid within the corpuscle can pass outwards ; 
but they have been seen to change their shapes suddenlv, and it 
is probable that the alteration is due to some disordered state of 
the system. If some of these red coipuscles be placed in a fluid 
of less density than 1*028, water being 1, they first lose their 
concavity and become flat ; by a further continuance of the ope- 
ration they become biconvex, and finally globular ; and by 
regulating the density of the fluid in whicn tney are immersed, 
we can produce in them any degree of concavity we desire. The 
size of the apyrenoematous corpuscles appears to be dependent on 
several things. Generally speaking, they are largest in the 
largest species, and smallest in those of minute size. Exceptions 
are numerous, and appear to have some relation to the general 
vital activity, and to the complexity of the organism. Thus, of 
two equally sized vertebrates, that one will possess the largest cor- 
puscles wmch stands lowest in the scale of organization, or which 
nas the smaller vital activity. The size of the corpuscle will, 
therefore, in most cases, correspond first to the size of the indi- 
vidual, and next to its muscular and respiratory activity. There 
are also other modifjdng influences, which appear to prevent 
the rigid application of this rule. Dr. Davy states that the size 
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has an important relation to animal heat, which, in most cases, is 
greatest in the most active breathers. This relation of size is 
interesting, since the corpnscles are believed to be oxygen carriers, 
and they will be more active, weight for weight, the smaller 
they are, since the greater the number in a g^ven weight the 
larger is the superficial area presented for chemical and pnysical 
I)rocesses. The following is an abstract of Gulliver's observa- 
tions on the corpuscles of the different mammalian orders. In 
man they are larger than in most mammalia. Those of the 
Quadrvmcma differ little from those of man, but are generally 
somewhat smaller. Those of the Cheiroptera and Insectivora are 
smaller than those of monkeys. Amongst the Feras thev differ 
considerably in size, but in some of the minor groups tney are 
remarkably uniform. If arranged according to the size of the cor- 
puscles, the groups would stand thus, those with the largest being 
placed first ; seals, dogs, bears, weasels, cats, viverrines. In the 
seals, otters, and dogs, the corpuscles are of about the same size oa 
those of man ; while those of the viverrines are as small as those 
of some Ewminantia, The genera Bassaris and CercoUptes have 
been bandied about between the ursine and viverrine families by 
zoological classifiers ; but judged by the present test, the former 
should be classed with the bears, and the latter with the viverrine 
group. Amongst the Pachydermata, the elephant has larger, and 
the rninoceros, tapirs, nigs, and horses have smaller, coipuscles 
than man ; while in tne Hyrax they are remarkably large for 
the size of the animal, in which feature it is more lixe a rodent 
than a pachyderm. Amongst whales, the corpuscles are lai^er 
in BcUana tnan in man ; of about the same size in the caa'ing- 
whale, and rather smaller in the porpoise. The corpuscles are 
characteristically small in the Ruminants. The MoschidcR have 
the smallest corpuscles known. They are somewhat larger in 
the brocket deer, and ibex ; and increase as we pass from the 
common goat and sheep to the laijger species in wnich they are 
larger thwi in most of the ViverruUe, The Rodents have large 
corpuscles, those of the little harvest-mouse rivalling those of 
the horse and peccary in size, while the capybara has larger 
corpuscles than man. The corpuscles of tne Edentates are 
large. In the little armadillo they are somewhat smaller than in 
man ; but those of the two-toed sloth and great ant-eater are 
much larger. The Marsupials resemble the fi)dents in the size 
of the corpuscles, and the Monotremes resemble man in the same 
respect. In speaking of the size of the corpuscles, the average is 
meant ; for they vary even in the same individual, some l^ing 
one-third larger or sinaller than others ; and the proportion of these 
exceptionally-sized corpuscles probably varies from time to time. 
In our further remarks we shall allude to both these corpuscles 
generally as the red corpuscles, using the terms nucleated and 
non-nucleated when it is desired to refer to either of them sepa- 
rately. There is much uncertainty as to the cause of the variation 
in the colour of the blood from bright scarlet to dark purple. The 
explanations offered in the origiim article are plausible, but the 
same results may be produced in other ways which are equally 
plausible, and the difficulty is to decide the actual way in which 
it is produced, and not how it may be done. As a general rule, 
artenal blood has a bright scarlet tint, while venous blood is a 
dark red. The difference is most marked in individuals which 
have a slow or weak respiration, or dwell in cold climates ; and 
it is least marked in those which have an unusually active respi- 
ration or dwell in warm climates. The florid hue is most exten- 
sive wherever the largest amount of oxygen has been absorbed. 
If all the gases be withdrawn from the blood, both the arterial 
and venous varieties present the same dull black tint. The 
colour is due to the red corpuscles and the changes they imdei^o. 
Although they are so minute, their superficial area is surprising, 
but it is difficult to estimate it. Yierordt has calculated that a 
cubic centimetre of human blood contains no fewer than 
6,055,000 red corpuscles, and Welcker 4,600,000. Taking the 
former as a basis, it would yield upwards of 83 millions in 
every cnbic inch, and if we estimate the whole quantity of 
blood in the system at 15 lbs. or a gallon and a half, it would 
give upwards of 38,445.000,000 red corpuscles for the whole 
body. Their total superncial area would oe between 60 and 60 
square feet. It is noticeable that the corpuscles are biconcave, 
by which arrangement the same superficial area is obtained in a 
much smaller space than if they were simply globular ; but 
what is the object of it we are unable to indicate ; the effect of 
it is to allow of a larger proportion of liquor sanguinis for the 
same amount of corpusculaT surface. It is supposed that the 
biconcavities may be an element in the alteration of colour, and 
there is as much evidence in favour of this view as of the one 
usually accepted, that the alteration of colour is due to the 



action of oxygen and carbonic acid on hsematin« It is true that 
when withdrawn from the body arterial blood may be coloured 
like venous by the action of carbonic acid, and the contrary 
change brought about by means of oxygen; but the same 
changes are effected in another way. I^ for instance, arterial 
blood be deprived of a portion of its fibrin, and be diluted with 
water, it acquires the aspect of venous blood; and the red 
colour may be restored by the action of a saturated solution of a 
neutral salt, while oxygen is unable to do it. Venous blood 
may be reddened by means of a similar saturated solution, but 
carbonic acid will not render it dark again. Hence it is not Bide 
to conclude that the light or dark colour always indicates the 
relative abundance or scarcity oi oxygen and carbonic acid gases. 
The changes of colour in tne above illustration appear to be 
regulated oy variations in the density of the fluid surrounding 
the corpuscles. When its specific gravity is lessened by the 
addition of water, the corpuscles are darkened, but when it is 
increased by the addition of a strong solution, they become 
lighter. That such variations do take place in the density of 
the liquor sanguinis is well known, but it remains to be proved 
whether such cnanges are the real agents. The following remarks 
by Dr. Carpenter especially apply to this noint " The blood 
contained m the veins of muscles is dark, and always of a 
deeper shade in proportion to the energy and duration of the 
previous muscular contraction, whilst that returning from the 
gland is always brighter in proportion to the activity with which 
secretion is being formed ; and in the latter instajice, with the 
alteration in colour, the amount of fibrin is found to be dimi- 
nished, or so modified as to form a softer clot, from which a large 
quantity of serum separates. It is remarkable that if the dark 
coloured clot of ordinary venous blood be immersed in the serum 
of the scarlet venous blood, it rapidly assumes a brighter tint, 
and conversely the clot oi scarlet venous blood changes to a 
dark colour when immersed in the serum of deep coloured 
venous blood ; from which we may conclude that the primary 
changes are effected upon the liquor sanguinis, and not upon the 
corpuscles.'' Professor Stokes has examined the blood with the 
spectroscope, with a view to ascertaining what are the colouring 
matters, and in what way the transition frt)m the purple to the 
scarlet hue is effected. He details a series of observations from 
which he infers that "the colouring matter of the blood is 
capable of existing in two states of oxidation, distinguishable 
by a difference of colour, and by a fundamental difference in the 
action on the spectrum. It may be made to pass from the more 
to the less oxidized state by the action of suitable reducing 
^ents, and recovers its oxygen by absorption from the air.^ 
Tnis colouring matter, in its two-fold state, ne terms purple and 
red cruorine. This substance is exceedingly unstable in its 
nature, so that while it will take up oxygen greedily it parts 
with it again readily, and it is easily aecomposed. Amongst the 
products of decomposition is hsematin, which is far more stable, 
out otherwise it has considerable resemblance to cruorine in 
some of its chemical features. In order to illustrate what may 
be the functions of cruorine. Prof. Stokes describes an experi- 
ment, and offers comments upon it. A solution of protoxide of 
tin was rendered alkaline, and to it was added some tartaric acid. 
When some of this was added to a moderate quantity of a solu- 
tion of scarlet cruorine, the latter was reduced, but was again 
oxidized by being shaken up with air. On standing for about 
two minutes it was again reduced, and could be reoxidized by 
further agitation with air. It thus appears "that purple 
cruorine absorbs/re* oxyeen with much greater avidity than the 
tin solution, notwithstanding that the oxidized cruorine is itself 
reduced by the tin salt" His comments are to the followin^^ 
effect : — " As the purple cruorine in the solution waa oxidized 
almost instantaneously on being presented with free oxy^n by 
shaking with air, while the tin salt remained in an imoxidized 
state, so the purple cruorine of the veins is oxidized during the 
time, brief though it may be, during which it is exposed to the 
air in the lungs, while the substances derived from the food may 
have little disposition to combine with free oxygen. As the 
scarlet cruorine is gradually reduced, oxidizing thereby a portion 
of the tin salt, so part of the scarlet cruorine is gradually 
reduced in the course of the circulation, oxidizing substances 
derived from the food or of the tissues. The purplish colour 
now assumed by the solution illustrates the tinge of venous 
blood, and a fresh shake represents a fresh passage through the 
lungs." ('Proceedings of the Royjd Society,' vol. xiii.) The 
quantity of red corpuscles may vaiy considerably within the 
mnits of health, ana still more widely in diseased conditions of 
the body. On the average it is greater in males than in females 
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by from 1 to 2 per cent. ; in the liiglier vertebrates than in the 
lower ; and in individualB of a sanguineous than in those of a 
lymphatic temperament. In anaemia, chlorosisL scurvy, albu- 
minuria, and otner diseases, there is a decrease of the corpuscles 
from the normal abundance. Considering that the blood is 
entirely confined within a system which has no direct communi- 
cation with the open air, any information that gives the slightest 
clue as to the method of its formation is oi importance. In 
this connection, then, we would mention Dr. Roberts' experiments 
on the corpuscles. On treating them with a solution of magenta 
the pale variety was more deeply tinted than the dark, and its 
nucleus was conspicuous on account of the bright carbimcle red 
which it acc^uirecL These nuclei were observed to be in various 
stages of division, and were seen to liberate secondary nuclei, 
which passed into the blood, and by subsequent enhu^ement 
change of form, and chemical composition, to develope into red 
blood-disks. By treatment with carbolic add the corpuscles ap- 
peared as though their contents had separated themselves from 
the corpuscular wall, and had collected among the nucleL 

The red corpuscles consist of an albuminous base, or globulin, 
and of certain colouring matters. Bojanowski recognises four 
varieties, which he caUs haematoglobulin, hssmatoidin, hsematin, 
and hiemin ; but our ideas concerning them are far from being 
precise, and it is probable that all the different varieties of 
colouring matter are variable mixtures of two definite com- 
pounds. The hsematoglobulin may be obtained in crystals from 
Dlood which has been long exposed to cold air, but their shapes 
vary in different animals. They will dissolve in water, acetic 
acid, and ammonia, but not in alcohol. There is a marked dif- 
ference in the crystalline varieties of this substance. Those of 
man will dissolve in 94 parts of water, while those of the guinea- 
pig require 600 parts for solution. The analysis of three 
specimens afforded Lehmann the following results : — 
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Notices of hjBmatoglobulin will be -found under Hjchato- 
CT8TALLIN, E. C, A. AND Sci. Div. ; of hssmatiu, under 
Hematosik, in the same division ; and of hssmatoidin under the 
same name in that division. Of hsematoidin we will only say 
here, that it is probably formed from haamatin by decomposition. 
Hsemin occurs m rhombic crystals, those of men being readily 
distinguished from the crystals yielded by the blood of domestic 
animsds, and hence their form is frequently employed as a test 
of the character of blood-stains in m^co-legal mquiries. They 
are of dark brown or black colour, but are rendered violet by 
oxygen, and again opaque by subsequent treatment with car- 
bomc acid. Globufin, which forms the great bulk of the 
corpuscle, is a modified form of albumen, and has the same per- 
centage composition. The analyses given by Lehmann of 
hsematoglobulin are identical with tne results afforded by 
globulin. Globulin is ^e albuminous constituent of the cor- 
puscle, and represents the albumen of the liquor sanguinis. 

We now pass from the corpuscles to consider the fluid in 
which they float It is a solution, the constituents of which 
are liable to constant change within certain narrow limits. 
Amongst those constituents we have mentioned fibrin, but it is 
not certain that this substance pre-exists in a state of solution. 
It has been suggested that when it separates from the blood, 
forming the weU-known phenomenon called coagulation, it is 
then formed for the first time ftom two substances already exist- 
ing in the blood. In the E. C. article the fibrin is said to be 
mechanically suspended in the blood, but this is certainly not 
the case. Coagulation has been much studied, but although 
inquirers appear to be approaching the truth as to the causes 
which produce it^ and its si^iificance as throwing light upon the 
f onnation of the olood, they have yet far more to leain. Coagu- 
lation is for the most part the result of a combination of circum- 
stances external to the Dody itself. When the blood is withdrawn 
from iJie system, and exposed to the air, the corpuscles begin to 
sink, while minute fibres form in the fluid, oeginning at the 
aides of the vessel at the surface, and creeping towards the 
centre. This proceeds so rapidly in most cases that the fibrin 
entangles many of the corpuscles in its meshes, and so forms the 
clot Tlie coagulum is a fi orous solid, especially remarkable since 
it presents an arrangement walogous, or probably identical in 



character with that of oiganized structure, and the resemblance 
is greatest when highly vitalized fibrin coagulates very slowly 
on a living membrane, and produces a fibrous tissue with blood- 
vessels traversing it It only differs from the tissue formed 
within the living organism in being less distinctly fibrous. With 
r^ard to the time mentioned in the E. C. article which the clot 
takes to form, it is true for the majority of cases, but it is by no 
means constant It takes a very long time in individuals wnich 
have been killed by lightning, electric shocks, and asphyxia, 
and it may be retarded or accelerated in various ways. Many 
facts are on record which support the hypothesis that fibrin is 
the result of the combination of two distinct substances, and 
this hypothesis has received considerable support from the re- 
searches of M. Alexander Schmidt, of Dorpat, an analysis of 
which is given in the * Natural History Review ' for 1864. For 
instance, by adding the serum of blood (a fluid which presents 
no tendency to coagulate, and which is supposed to be perfectly 
free from fibrin, since that has been thrown down in tne blood 
clot) to any other serous fluids which themselves do not possess 
any power of spontaneous coagulation, we obtain a clot of^brin. 
The serous flmds are believ^i to be coagulable by themselves 
soon after withdrawal from the living body, but they soon lose 
their power. The power is at once restoied to them by the 
addition of blood serum. From this it would seem that the two 
fluids possess, when combined, some condition which is wanting 
in their separate states. Blood serum has a veiy feeble coagu- 
lating power, and it has been disassociated from the fibrin and 
the corpuscles. The addition of fibrin to it has no effect ; but 
if only a few corpuscles be added, its coa^gulation is greatly- 
increased, and if a microscope be employed, the corpuscles will 
be seen to be the centres of^the coagulating force. The blood 
crystals, termed hsematoglobulin, mtve a similar coagulating 
power. Schmidt supposes that the blood corpuscles contain a 
constituent which, combining with another in the serum, forms 
fibrin. Accordingly he groups all substances which act like the 
corpuscles as fibrtnopUutic agents, and those which behave like 
serum fbrinoaenous — ^terms which may be used for these ideas 
without implying the existence of any substance known as 
fibrinopkut sJiaJiSrifwgen, as Schmidt does. On passing carbonic 
acid tniough nbrinoplaertic fluids globulin is obtained, which 
forms the essential part of corpuscles and blood crystals, and 
which is regarded by Schmidt as one of the constituents of 
fibrin. It is found m all the coagulative fluids, such as the 
aaueous humour, saliva, synovia, connective tissue, and else- 
wnere. Qlobulin loses its fibrinoplastic powers when long 
exposed to the air, or subjected to a temperature of 158^ F. ; 
but they are increased by an alkaline solution just sufficiently 
strong to dissolve it, while it is weakened or destroyed in stronger 
solutions. An add solution masks its powers, so that the stronger 
it is the laiger is the quantity of alkali required to counteract 
the acid, and to restore the powers. It appears, however, to be 
necessary that the globulin snould be in some particular condi- 
tion about which nothing is known. Having found, as he 
thought, one of the constituents of fibrin, Schmidt applied him- 
self to the discovery of the other. He saturated a finrinogenous 
liquid with carbonic acid, and obtained a substance which was 
found to give a clot with blood serum. It resembled globulin 
in its general behaviour towards reagents, but differed as regards 
its sensitiveness towards them, being more easily precipitated 
from its solutions by alcohoL There was, however, still some- 
thing wanting, for when the prepared fibrinogenous and fibrino- 
plastic fluids were mixed, it was seldom a coagulum could be 
obtained, and then only an imperfect one. This last difficulty 
will, no doubt, be removed when some one imdertakcs a com- 
plete examination of the causes which induce the formation of 
the numerous albumen and albumen-like compounds. The 
result of this part of the inquiry is sitmraed up by the writer of 
the article in the * Natural History Review* in the following 
terms: — ''All fibrinoplastic substances are found to contain 

globulin. Deprived of their globulin, they lose their coogii- 
iting virtues. Globulin itself is highly filninoplastic ; ttddcd to 
a fibrinogenous liquid it disappears, giving rise to fibrin, liy 
no other means than by the action of a fibrinogenous liquid can 
globulin, so far as is yet known, be converted into flbnn. All 
flbrinopkstic liquids are found to contain a ial)»Unce called 
fibrinogen. Deprived of their fibrinogim* these Utfuidn will no 
longer coagulate on the addition of globulin. Filmnogtsn mUled 
to a fibrinoplastic fluid disappears, giving rise to fibrin. By no 
other means than by the action of a fibrinoi»lfliitio fluid can 
fibrinogen be converted to fibrin. Though the direct ""4j>n «f 
fibrinogen and globulin rarely succeeds in giving rimi to tmiu^ 
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has an important relation to animal heat, which, in most cases, is 
^atest in the most active breathers. This relation of size is 
mteresting, since the corpuscles are believed to be oxygen carriers, 
and they will be more active, weight for weight, the smaller 
they are, since the greater the number in a given weight the 
larger is the superficial area presented for chemiwd and pnysical 
processes. The following is an abstract of Gulliver's observa- 
tions on the corpuscles of the different mammalian orders. In 
man they are larger than in most mammalia. Those of the 
Qiiadrmruma differ little from those of man, but are genendly 
somewhat smaller. Those of the Cheiroptera and Insectivora are 
smaller than those of monkeys. Amongst the Fera they differ 
considerably in size, but in some of the minor groups tney are 
remarkably uniform. If arranged according to the size of the cor- 
puscles, the groups would stand thus, those with the largest being 
placed first ; sealk dogs, bears, weasels, cats, viverrines. In the 
seals, otters, and dogs, the corpuscles are of about the same size as 
those of man ; while those of the viverrines are as small as those 
of some Evminantia, The genera BassarU and Cercoleptes have 
been bandied about between the ursine and viverrine families by 
zoological classifiers ; but judged by the present test, the former 
should be classed with the bears, and the latter with the viverrine 
group. Amongst the Pddiydemiata, the elephant has larger, and 
the niinoceros, tapirs, nigs, and horses have smaller, coipusdes 
than man ; while in tne Hyrax they are remarkably lai^e for 
the size of the animal, in which feature it is more like a rodent 
than a pachyderm. Amongst whales, the corpuscles are larger 
in BaUtna than in man ; of about the same size in the caa'ing- 
whale, and rather smaller in the porpoise. The corpuscle^s are 
characteristically small in the Ruminants. The MoschidcB have 
the smallest corpuscles known. They are somewhat larger in 
the brocket deer, and ibex ; and increase as we pass from the 
common goat and sheep to the larger species in wnich they are 
larger thak in most of the Viverr^, The Rodents have large 
corpuscles, those of the little harvest-mouse rivalling those of 
the horse and peccary in size, while the capybara has larger 
corpuscles than man. The corpuscles of tne Edentates are 
large. In the little armadillo they are somewhat smaller than in 
man ; but those of the two-toed sloth and great ant-eater are 
much larger. The Marsupials resemble the Rodents in the size 
of the corpuscles, and the Monotremes resemble man in the same 
respect. In speaking of the size of the corpuscles, the average is 
meant ; for they vary even in the same individual, some being 
one-third larger or srnaller than others ; and the proportion of these 
exceptionally-sized corpuscles probably varies from time to time. 
In our further remarks we shall allude to both these corpuscles 
generally as the red corpuscles, using the terms nucleated and 
non-nucleated when it is desired to refer to either of them sepa- 
rately. There is much uncertainty as to the cause of the variation 
in the colour of the blood from bricht scarlet to dark purple. The 
explanations offered in the origirm article are plausible, but the 
same results may be produced in other ways which are equally 
plausible, and the diinculty is to decide the actual way in which 
it is produced, and not how it may be done. As a general rule, 
arterial blood has a bright scarlet tint, while venous blood is a 
dark red. The difference is most marked in individuals which 
have a slow or weak respiration, or dwell in cold climates ; and 
it is least marked in those which have an unusually active respi- 
ration or dwell in warm climates. The florid hue is most exten- 
sive wherever the largest amount of oxygen has been absorbed. 
If all the gases be withdrawn from the blood, both the arterial 
and venous varieties present the same dull black tint. The 
colour is due to the red corpuscles and the changes they undergo. 
Although they are so minute, their superficial area is surprising, 
but it is difficult to estimate it. Yierordt has calculated that a 
cubic centimetre of human blood contains no fewer than 
6,055,000 red corpuscles, and Welcker 4,600,000. TaKng the 
former as a basis, it would yield upwards of 83 mHlions in 
every ctibic inch, and if we estimate the whole quantity of 
blood in the system at 15 lbs. or a gallon and a half, it would 
give upwards of 38,445,000,000 red corpuscles for tJie whole 
body. Their total superficial area would oe between 50 and 60 
square feet. It is noticeable that the corpuscles are biconcave, 
by which arrangement the same superficial area is obtained in a 
much smaller space than if they were simply globular ; but 
what is the object of it we are unable to indicate ; the effect of 
it is to allow of a larger proportion of liquor sanguinis for the 
same amount of corpuscular surface. It is supposed that the 
biconcavities may be an element in the alteration of colour, and 
there is as much evidence in favour of this view as of the one 
usmdly accepted, that the alteration of colour is due to the 



action of oxygen and carbonic acid on hsematiiu It is true that 
when withdrawn from the body arterial blood may be coloured 
like venous by the action of carbonic acid, and the contrary 
change brought about by means of oxygen; but the same 
changes are effected in another way. I^ for instance, arterial 
blood be deprived of a portion of its fibrin, and be diluted with 
water, it acquires the aspect of venous blood; and the red 
colour may be restored by the action of a saturated solution of a 
neutral salt, while oxygen is unable to do it. Venous blood 
may be reddened by means of a similar saturated solution, but 
carbonic acid will not render it dark again. Hence it is not Bide 
to conclude that the light or dark colour always indicates the 
relative abundance or scarcity oi oxygen and carbonic add gases. 
The changes of colour in the above illustration appear to be 
regulated oy variations in the density of the fluid surrounding 
the corpuscles. When its specific gravity is lessened by the 
addition of water, the corpuscles are darkened, but when it is 
increased by the addition of a strong solution, they become 
lighter. That such variations do take place in the density of 
the liquor sanguinis is well known, but it remains to be proved 
whether such cnanges are the real agents. The following remarks 
by Dr. Carpenter especially apply to this noLut " The blood 
contained m the veins of rnuscles is dark, and always of a 
deeper shade in proportion to the energy and duration of the 
previous muscular contraction, whilst that returning frt)m the 
gland is always brighter in proportion to the activity with which 
secretion is being formed ; and in the latter instance, with the 
alteration in colour, the amount of fibrin is found to be dimi- 
nished, or so modified as to form a softer clot, from which a large 
quantity of serum separates. It is remarkable that if the dark 
coloured clot of ordinary venous blood be immersed in the serum 
of the scarlet venous blood, it rapidly assumes a brighter tint, 
and conversely the clot or scarlet venous blood changes to a 
dark colour when immersed in the serum of deep coloured 
venous blood ; from which we may conclude that the primary 
changes are effected upon the liquor sanguinis, and not upon the 
corpusclea'' Professor Stokes has examined the blood with the 
spectroscope, with a view to ascertaining what are the colouring 
matters, and in what way the transition frt)m the purple to the 
scarlet hue is effected. He details a series of observations from 
which he infers that ^Hhe colouring matter of the blood is 
capable of existing in two stiites of oxidation, distinguishable 
by a difference of colour, and by a fundamental difference in the 
action on the spectrum. It may be made to pass from the more 
to the less oxidized state by the action of suitable reducing 
^ents, and recovers its oxygen by absorption from the air.^ 
Tnis colouring matter, in its two-fold state, he terms purple and 
red cruorine. This substance is exceedingly unstable in its 
nature, so that while it will take up oxygen greedily it parts 
with it again readily, and it is easily aecomposed. Amongst the 
products of decoinposition is hsematin, which is far more stable, 
out otherwise it nas considerable resemblance to cruorine in 
some of its chemical features. In order to illustrate what may 
be the functions of cruorine. Prof. Stokes describes an experi- 
ment, and offers comments upon it A solution of protoxide of 
tin was rendered alkaline, ana to it was added some tartaric acid. 
When some of this was added to a moderate quantity of a solu- 
tion of scarlet cruorine, the latter was reduced, but was again 
oxidized by being shaken up with air. On standing for about 
two minutes it was again reduced, and could be reoxidized by 
further agitation with air. It thus appears 'Hhat purple 
cruorine absorbs /re« oxygen with much greater avidity than the 
tin solution, notwithstanding that the oxidized cruorine is itself 
reduced by the tin sslt" His comments are to the following 
effect : — " As the purple cruorine in the solution was oxidized 
almost instantaneously on being presented with free oxygen by 
shaking with air, while the tin salt remained in an unoxidized 
state, so the purple cruorine of the veins is oxidized during the 
time, brief though it may be, during which it is exposed to the 
air in the lungs, while the substances derived from the food may 
have little deposition to combine with free oxygen. As the 
scarlet cruorine is gradually reduced, oxidizing thereby a portion 
of the tin salt, so x>£^ of the scarlet cruorine is gradually 
reduced in the course of the circulation, oxidizing substances 
derived from tiie food or of the tissues. The purplish colour 
now assumed by the solution illustrates the tinge of venous 
blood, and a fresh shake represents a fresh passage through the 
lungs." ('Proceedings of the Royal Society,' vol. xiii.) The 
(quantity of red corpuscles may vaiy considerably within the 
units of health, ana still more widely in diseased conditions of 



the body. On the average it is greater in males than in females 
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by from 1 to 2 per cent.; in the liiglier vertebrates than in the 
lower ; and in individualB of a sanguineous than in those of a 
lymphatic temperament. In anaemia, chlorosis, scurvy, albu- 
minuria, and otner diseases, there ia a decrease of the corpuscles 
from the normal abundance. Considering that the blood is 
entirely confined within a system which has no direct communi- 
cation with the open air, any information that gives the slightest 
clue as to the method of its formation is of importance. In 
this connection, then, we would mention Dr. Roberts* experiments 
on the corpuscles. On treating them with a solution of magenta 
the pale variety was more deeply tinted than the dark, and its 
nucleus was conspicuous on accoimt of the bright carbimcle red 
which it ac(juirei These nuclei were observed to be in various 
stages of division, and were seen to liberate secondary nuclei, 
which passed into the blood, and by subsequent enlai^ement, 
change of form, and chemical composition, to develope into red 
blood-disks. By treatment with carbolic add the corpuscles ap- 
peared as though their contents had separated themselves from 
the corpuscukr wall, and had collected among the nucleL 

The red corpuscles consist of an albuminous base, or globulin, 
and of certain colouring matters. Bojanowski recognises four 
varieties, which he calls hsematoglobulm, hsematoidin, hsematin, 
and hoeniin ; but our ideas concerning them are far from being 
precise, and it is probable that all the different varieties of 
colouring matter are variable mixtures of two definite com- 
pounds. The hsematoglobulin may be obtained in crystals from 
Dlood which has been long exposed to cold air, but tneir shapes 
vary in different animals. They will dissolve in water, acetic 
acid, and ammonia, but not in alcohol. There is a marked dif- 
ference in the crystalline varieties of this substance. Those of 
man will dissolve in 94 parts of water, while those of the guinea- 
pig require 600 parts for solution. The analysis of three 
specimens afforded Lehmann the following results : — 
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Notices of hsematoglobulin will be -found under Hemato- 
CT8TALLIN, E. C, A. AND Sci. Div. ; of haematin, under 
Hjbmatosin, in the same division ; and of haematoidin under the 
same name in that division. Of hsematoidin we will only say 
here, that it is probably formed from haamatin by decomposition. 
HsBinin occurs m rhombic crystals, those of men being readily 
distinguished from the crystals yielded by the blood of domestic 
animals, and hence their form is frequently employed as a test 
of the character of blood-stains in medico-legal mquiries. They 
are of dark brown or black colour, but are rendered violet by 
oxyj^en, and again opaque by subsequent treatment with car- 
bomc acid. Globulin, which forms the creat bulk of the 
corpuscle, is a modified form of albumen, and has the same per- 
centage composition. The analyses siven by Lehmann of 
hsamatoglobulin are identical with tne results afforded by 
globulin. Globulin is the albuminous constituent of the cor- 
puscle, and represents the albumen of the liquor sanguinis. 
, We now pass from the corpuscles to consider the fluid in 
which they float It is a solution, the constituents of which 
are liable to constant change within certain narrow limits. 
Amongst those constituents we have mentioned fibrin, but it is 
not certain that this substance pre-exists in a state of solution. 
It has been suggested that when it separates from the blood, 
forming the wdB-known phenomenon called coagulation, it is 
then formed for the first time from two substances already exist- 
ing in the blood. In the E. C. article the fibrin is saia to be 
mechanically suspended in the blood, but this is certainly not 
the case. Uoagiuation has been much studied, but although 
inquirers appear to be approaching the truth as to the causes 
which produce it^ and its significance as throwing light upon the 
fonnation of the olood, they have yet far more to leani. Coagu- 
lation is for the most part the result of a combination of circum- 
stances external to the Dody itself. When the blood is withdrawn 
from the system, and exposed to the air, the corpuscles begin to 
sink, while minute fibres form in the fluid, beginning at the 
sides of the vessel at the surface, and creeping towards the 
centre. This proceeds so rapidly in most cases tnat the fibrin 
entangles many of the corpuscles in its meshes, and bo forms the 
clot The coagulum is a fiorous solid, especially remarkable since 
it presents an arrangement analogous, or prooably identical in 



character with that of organized structure, and the resemblance 
is greatest when highly vitalized fibrin coagulates very slowly 
on a living membrane, and produces a fibrous tissue with blood- 
vessels traversing it It only differs from the tissue formed 
mthin the living organism in being less distinctly fibrous. With 
regard to the time mentioned in the E. C. article which the clot 
takes to form, it is true for the majority of cases, but it is by no 
means constant It takes a very long time in individuals wnich 
have been killed by lightning, electric shocks, and asphyxia, 
and it may be retarded or accelerated in various ways. Many 
facts are on record which support the hypothesis that fibrin is 
the result of the combination of two distinct substances, and 
this hypothesis has received considerable support from the re- 
searches of M. Alexander Schmidt, of Dorpat, an analysis of 
which is ^ven in the * Natural History Review ' for 1864. For 
instance, by adding the serum of blood (a fluid which presents 
no tendency to coa5g:ulate, and which is supposed to be perfectly 
free from fibrin, since that has been thrown down in tne blood 
clot) to any other serous fluids which themselves do not possess 
any power of spontaneous coagulation, we obtain a clot of^brin. 
The serous fluids are believS to be coagulable by themselves 
soon after withdrawal from the living body, but they soon lose 
their power. The power is at once restored to them by the 
addition of blood serum. From this it would seem that the two 
fluids possess, when combined, some condition which is wanting 
in their separate states. Blood serum has a veiy feeble coagu- 
lating power, and it has been disassociated from the fibrin and 
the corpuscles. The addition of fibrin to it has no effect ; but 
if only a few corpuscles be added, its coagulation is greatly 
increased, and if a microscope be employed, the corpuscles will 
be seen to be the centres of the coagulating force. The blood 
crystals, termed hsematoglobulin, have a similar coagulating 
power. Schmidt supposes that the blood corpuscles contain a 
constituent which, combining with another in the serum, forms 
fibrin. Accordingly he groups all substances which act like the 
corpuscles as fibrvnoplastic agents, and those which behave like 
serum Jibrinoaenous-^texmB which may be used for these ideas 
without implying the existence of any substance known as 
fibrinoploit BxAiSrinogeny as Schmidt does. On x>assing carbonic 
acid through nbrinoplastic fluids globulin is obtained, which 
forms the essential part of corpuscles and blood crystals, and 
which is regarded by Schmidt as one of the constituents of 
fibrin. It is found m all the coagulative fluids, such as the 
aaueous humour, saliva, synovia, connective tissue, and else- 
where. Globulin loses its fibrinoplastic powers when long 
exposed to the air, or subjected to a temperature of 158° F. ; 
but they are increased by an alkaline solution just sufficiently 
strong to dissolve it, while it is weakened or destroyed in stronger 
solutions. An acid solution masks its powers, so that the stronger 
it is the lai^er is the quantity of alkali required to counteract 
the acid, and to restore the powers. It appears, however, to be 
necessary that the globulin snould be in some particular condi- 
tion about which nothing is known. Having found, as he 
thought, one of the constituents of fibrin, Schmidt applied him- 
self to the discovery of the other. He saturated a flbnnogenous 
liquid with carbonic acid, and obtained a substance which was 
foimd to give a clot with blood serum. It resembled globulin 
in its general behaviour towards reagents, but differed as regards 
its sensitiveness totv^ards them, being more easily precipitated 
frx)m its solutions by alcohoL There was, however, still some- 
thing wanting, for when the prepared fibrinogenous and fibrino- 
plastic fluids were mixed, it was seldom a coa^um could be 
obtained, and then only an imperfect one. This last difficulty 
will, no doubt, be removed when some one undertakes a com- 
plete examination of the causes which induce the formation of 
the numerous albumen and albumen-like compounds. The 
result of this part of the inquiry is summed up by the writer of 
the article in the * Natural History Review * in the following 
terms : — ''All fibrinoplastic substances are found to contain 

globulin. Deprived of their globulin, they lose their coagu- 
iting virtues. Globulin itself is highly fibrinoplastic ; added to 
a fibrinogenous liquid it disappears, giving rise to fibrin. By 
no other means than by the action of a fibrinog^ous llcjuid can 
globulin, so far as is yet known, be converted into fibnn. All 
fibrinoplastic liquids are found to contain a substance called 
fibrinogen. Deprived of their fibrinc^en, these li<^uids will no 
longer coagulate on the addition of ([lobulin. Fibrmogen added 
to a fibrinoplastic fluid disappears, giving rise to fibrin. By no 
other means than by the action of a fibrinoplastic fluid can 
fibrinogen be converted to fibrin. Though the direct union of 
flbrhiogen and globulin rarely succeeds in giving rise to fibrin, 
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has an important relation to animal heat, which, in most cases, is 
greatest in the most active breathers. This relation of size is 
mteresting, since the corpuscles are believed to be oxygen carriers, 
and they will be more active, weight for weight, the smaller 
they are, since the greater the number in a given weight the 
larger is the superficial area presented for chemiccd and physical 
I)rocesses. The following is an abstract of Gulliver's observa- 
tions on the coipuscles of the different mammalian orders. In 
man they are larger than in most mammalia. Those of the 
Quadrmruma diflfer little from those of man, but are generally 
somewhat smaller. Those of the Cheiroptera and Insectivora are 
smaller than those of monkeys. Amongst the Fera thev differ 
considerably in size, but in some of the minor groups tney are 
remarkably uniform. If arranged according to the size of the cor- 
puscles, the groups would stand thus, those with the largest being 
placed first ; seal^, dogs, bears, weasels, cats, viverrines. In the 
seals, otters, and dogs, the corpuscles are of about the same size as 
those of man ; while those of the viverrines are as small as those 
of some RvminarUia, The genera Bassaris and Cercoleptes have 
been bandied about between the ursine and viverrine families by 
zoological classifiers ; but judged by the present test, the fonner 
should be classed with the bears, and the latter with the viverrine 
group. Amongst the Pachydermata, the elephant has larger, and 
the rninoceros, tapirs, nigs, and horses have smaller, coipuscles 
than man ; while in tne Hyrax they are remarkably large for 
the size of the animal, in which feature it is more like a rodent 
than a pachyderm. Amongst whales, the corpuscles are lai^er 
in Bakena tnan in man ; of about the same size in the caa'ing- 
whale, and rather smaller in the porpoise. The corpuscle<8 are 
characteristically small in the Ruminants. The Moschida: have 
the smallest corpuscles known. They are somewhat larger in 
the brocket deer, and ibex ; and increase as we pass from the 
common goat and sheep to the laiger species in wnich they are 
larger thwi in most of the ViverruUe, The Rodents have large 
corpuscles, those of the little harvest-mouse rivalling those of 
the horse and peccary in size, while the capybara has larger 
corpuscles than man. The corpuscles of tne Edentates are 
large. In the little armadillo they are somewhat smaller than in 
man ; but those of the two-toed sloth and great ant-eater are 
much larger. The Marsupials resemble the Rodents in the size 
of the corpuscles, and the Monotremes resemble man in the same 
respect. In speaking of the size of the corpuscles, the average is 
meant ; for they vary even in the same individual, some l^ing 
one-third larger or smaller than others ; and the proportion of these 
exceptionally-sized corpuscles probably varies from time to time. 
In our further remarks we shall allude to both these corpuscles 
generally as the red corpuscles, using the terms nucleated and 
non-nucleated when it is desired to refer to either of them sepa- 
rately. There is much uncertainty as to the cause of the variation 
in the colour of the blood from bright scarlet to dark purple. The 
explanations offered in the original article are plausible, but the 
same results may be produced in other ways which are equally 
plausible, and the diinculty is to decide the actual way in which 
it is produced, and not how it may be done. As a general rule, 
artenal blood has a bright scarlet tint, while venous blood is a 
dark red. The difference is most marked in individuals which 
have a slow or weak respiration, or dwell in cold climates ; and 
it is least marked in those which have an unusually active respi- 
ration or dwell in warm climates. The florid hue is most exten- 
sive wherever the largest amount of oxygen has been absorbed. 
If all the gases be withdrawn from the blood, both the arterial 
and venous varieties present the same dull black tint. The 
colour is due to the red corpuscles and the changes they imdergo. 
Although they are so minute, their superficial area is surprising, 
but it is difficult to estimate it. Yierordt has calculated that a 
cubic centimetre of human blood contains no fewer than 
6,055,000 red corpuscles, and Welcker 4,600,000. Ta^ig the 
former as a basis, it would yield upwards of 83 millions in 
every cubic inch, and if we estimate the whole quantity of 
blood in the system at 15 lbs. or a gallon and a half, it would 
give upwards of 38,445.000,000 red corpuscles for the whole 
body. Their total superncial area would Tbe between 50 and 60 
square feet. It is noticeable that the corpuscles are biconcave, 
by which arrangement the same superficial area is obtained in a 
much smaller space than if they were simply globular ; but 
what is the object of it we are unable to indicate ; the effect of 
it is to allow of a larger proportion of liquor sanguinis for the 
same amount of corpuscular surface. It is supposed that the 
biconcavities may be an element in the alteration of colour, and 
there is as much evidence in favour of this view as of the one 
usually accepted, that the alteration of colour is due to the 



action of oxygen and carbonic acid on hsematin« It is true that 
when withdrawn from the body arterial blood may be coloured 
like venous by the action of carbonic acid, and the contrary 
change brought about by means of oxygen; but the same 
changes are effected in another way. I^ for instance, arterial 
blooa be deprived of a portion of its fibrin, and be diluted with 
water, it acquires the aspect of venous blood; and the red 
colour may be restored by the action of a saturated solution of a 
neutral salt, while oxygen is unable to do it. Venous blood 
may be reddened by means of a similar saturated solution, but 
carbonic acid will not render it dark again. Hence it is not safe 
to conclude that the light or dark colour always indicates the 
relative abundance or scarcity oi oxygen and carbonic acid gases. 
The changes of colour in tne above illustration appear to be 
regulated oy variations in the density of the fluid surrounding 
the corpuscles. When its specific gravity is lessened by the 
addition of water, the corpuscles are darkened, but when it is 
increased by the addition of a strong solution, they become 
lighter. That such variations do take place in the density of 
the liquor sanguinis is well known, but it remains to be proved 
whether such dianges are the real agents. The following remarks 
by Dr. Carpenter especially apply to this noint " The blood 
contained m the veins of muscles is dark, and always of a 
deeper shade in proportion to the energy and duration of the 
previous muscular contraction, whilst that returning from the 
gland is always brighter in proportion to the activity with which 
secretion is being formed ; and in the latter instance, with the 
alteration in colour, the amount of fibrin is found to be dimi- 
nished, or so modified as to form a softer clot, from which a large 
quantity of serum separates. It is remarkable that if the dark 
coloured clot of ordinary venous blood be immersed in the serum 
of the scarlet venous blood, it rapidly assumes a brighter tint, 
and conversely the clot oi scarlet venous blood changes to a 
dark colour when immersed in the serum of deep coloured 
venous blood ; from which we may conclude that the primary 
changes are effected upon the liquor sanguinis, and not upon the 
corpuscles." Professor Stokes has examined the blood with the 
spectroscope, with a view to ascertaining what are the colouring 
matters, and in what w^ the transition from the purple to the 
scarlet hue is effected. Me details a series of observations from 
which he infers that "the colouring matter of the blood is 
capable of existing in two states of oxidation, distinguishable 
by a difference of colour, and by a fundamental difference in the 
action on the spectrum. It may be made to pass from the more 
to the less oxidized state by the action of suitable reducing 
^ents, and recovers its oxygen by absorption from the air.^ 
Tnis colouring matter, in its two-fold state, ne terms purple and 
red cruorine. This substance is exceedingly unstable in its 
nature, so that while it will take up oxygen greedily it parts 
with it again readily, and it is easily aecomposed. Amongst the 
products of decomposition is hsematin, which is far more stable, 
out otherwise it has considerable resemblance to cruorine in 
some of its chemical features. In order to illustrate what ma^ 
be the functions of cruorine. Prof. Stokes describes an experi- 
ment, and offers comments upon it. A solution of protoxide of 
tin was rendered alkaline, ana to it was added some tartaric acid. 
When some of this was added to a moderate quantity of a solu- 
tion of scarlet cruorine, the latter was reduced, but was again 
oxidized by being shaken up with air. On standing for about 
two minutes it was again reduced, and could be reoxidized by 
further agitation with air. It thus appears "that purple 
cruorine absorbs /re* oxygen with much greater avidity than the 
tin solution, notwithstanding that the oxidized cruorine is itself 
reduced by the tin salf His comments are to the folIowin£^ 
effect : — " As the purple cruorine in the solution was oxidized 
almost instantaneously on being presented with free oxygen by 
shaking with air, while the tin salt remained in an imoxidized 
state, so the purple cruorine of the veins is oxidized during the 
time, brief though it may be, during which it is exposed to the 
air in the lungs, while the substances derived from the food may 
have little disposition to combine with free oxygen. As the 
scarlet cruorine is gradually reduced, oxidizing thereby a portion 
of the tin salt, so part of the scarlet cruorine is gradually 
reduced in the course of the circulation, oxidizing substances 
derived from the food or of the tissues. The purplish colour 
now assumed by the solution illustrates the tinge of venous 
blood, and a fresn shake represents a fresh passage through the 
lungs." ('Proceedings of the Royal Society,' vol. xiii.) The 
quantity of red corpuscles msLj vaiy considerably within the 
limits of health, ana still more widely in diseased conditions of 
the body. On the average it is greater in males than in females 
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by from 1 to 2 per cent. ; in the liiglier vertebrates than in the 
lower ; and in individuals of a Banguineous than in those of a 
lymphatic temperament In anaemia, chlorosis, scurvy, albu- 
minuria, and otner diseases, there is a decrease of the corpuscles 
from the normal abundance. Considering that the blood is 
entirely confined within a system which has no direct conmiuni- 
cation with the open air, any information that gives the slightest 
clue as to the method of its formation is of importance. In 
this connection, then, we would mention Dr. Roberts' experiments 
on the corpuscles. On treating them with a solution ot magenta 
the pale variety was more deeply tinted than the dark, and its 
nucleus was conspicuous on accoimt of the bright carbuncle red 
which it ac(juirea. These nuclei were observed to be in various 
stages of division, and were seen to liberate secondary nuclei, 
which passed into the blood, and by subsequent enlai^ement 
change of form, and chemical composition, to develope into red 
blood-disks. By treatment with carbolic add the corpuscles ap- 
peared as though their contents had separated themselves from 
the corpuscular wall, and had collected among the nucleL 

The red corpuscles consist of an albuminous base, or globulin, 
and of certain colouring matters. Bojanowski recognises four 
varieties, which he calls haematoglobulm, hsematoidin, hsematin, 
and hoeniin ; but our ideas concerning them are far irom being 
precise, and it is probable that all the different varieties of 
colouring matter are variable mixtures of two definite com- 
pounds. The hsematoglobulin may be obtained in crystals from 
Dlood which has been long exposed to cold air, but tneir shapes 
YBTV in different animals. Tney will dissolve in water, acetic 
acid, and ammonia, but not in alcohol. There is a marked dif- 
ference in the crystalline varieties of this substance. Those of 
man will dissolve in 94 parts of water, while those of the guinea- 
pig require 600 parts for solution. The analysis of three 
specimens afforded Lehmann the following results : — 
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Notices of hsematoglobulin will be •found imder Hjchato- 
CTBTALLIN, E. C, A. AND Sci. Div. ; of hsematin, under 
Hbmatosik, in the same division ; and of hasmatoidin under the 
same name in that division. Of hsematoidin we will only say 
here, that it is probably formed from haamatin by decomposition. 
Hsemin occurs m rhombic crystals, those of men being readily 
distinguished from the crystals yielded by the blood of domestic 
animals, and hence their form is frequently employed as a test 
of the character of blood-stains in medico-legal mquiries. They 
are of dark brown or black colour, but are rendered violet by 
oxygen, and agnin opaque by subsequent treatment with car- 
bomc acid. Globulin, which forms the ^eat bulk of the 
corpuscle, is a modified form of albumen^ and has the same per- 
centage composition. The analyses nven by Lehmann of 
hssmatoglobulin are identical with tne results afforded by 
globulin. Globulin is the albuminous constituent of the cor- 
puscle, and represents the albumen of the liquor sanguinis. 
. We now pass from the corpuscles to consider me fluid in 
which they float. It is a solution, the constituents of which 
are liable to constant change within certain narrow limits. 
Amongst those constituents we have mentioned fibrin, but it is 
not certain that this substance pre-exists in a state of solution. 
It has been suggested that when it separates from the blood, 
forming the weu-known phenomenon called coagulation, it is 
then formed for the first time from two substances alreadv exist- 
ing in the blood. In the E. C. article the fibrin is saia to be 
mechanically suspended in the blood, but this is certainly not 
the case. Coagulation has been much studied, but although 
inquirers appear to be approaching the truth as to the causes 
which produce it, and its significance as throwing light upon the 
fonnation of the blood, they have yet far more to leain. Coagu- 
lation is for the most part the result of a combination of circum- 
stances external to the Dody itself. When the blood is withdrawn 
from the system, and exposed to the air, the corpuscles begin to 
sink, while minute fibres form in the fluid, beginning at the 
aides of the vessel at the surface, and creeping towards the 
centre. This proceeds so rapidly in most cases that the fibrin 
entangles many of the corpuscles in its meshes, and so forms the 
clot The coagulum is a fiorous solid, especiallv remarkable since 
it presents an arrangement analogous^ or probably identical in 



character with that of organized structure, and the resemblance 
is greatest when highly vitalized fibrin coagulates very slowly 
on a living membrane, and produces a fibrous tissue with blood- 
vessels traversing it. It only differs from the tissue formed 
mthin the living organism in being less distinctly fibrous. With 
regard to the time mentioned in the E. C. article which the dot 
takes to form, it is true for the majorit}r of cases, but it is by no 
means constant. It takes a very long time in individuals which 
have been killed by lightning, electric shocks, and asphyxia, 
and it may be retarded or accelerated in various ways. Many 
facts are on record which support the hypothesis tJiat fibrin is 
the result of the combination of two distinct substances, and 
this hypothesis has received considerable support from the re- 
searches of M. Alexander Schmidt, of Dorpat, an ajialysis of 
which is civen in the * Natural History Review * for 1864. For 
instance, by adding the serum of blood (a fluid which presents 
no tendency to coagulate, and which is supposed to be peri'ectly 
free from fibrin, since that has been thrown down in the blood 
clot) to any other serous fluids which themselves do not possess 
any power of spontaneous coagulation, we obtain a clot ofnbrin. 
The serous flmds are believ«i to be coa^ulable by themsdves 
soon after withdrawal from the living body, but they soon lose 
their power. The power is at once restored to them by ^e 
addition of blood serum. From this it would seem that the two 
fluids possess, when combined, some condition which is wanting 
in their separate states. Blood serum has a veiy feeble coagu- 
lating power, and it has been disassociated frt)m the fibrin and 
the corpuscles. The addition of fibrin to it has no effect ; but 
if only a few corpuscles be added, its coagulation is greatly- 
increased, and if a microscope be employed, the corpuscles will 
be seen to be the centres of the coagulating force. The blood 
crystals, termed haematoglobulin, Imve a similar coagulating 
power. Schmidt supposes that the blood corpuscles contain a 
constituent which, combining with another in the serum, forms 
fibrin. Accordingly he groups all substances which act like the 
corpuscles as fibrtnoplastic agents, and those which behave like 
serum Jibriiwgenous-^texmB which may be used for these ideas 
without implying the existence of any substance known as 
fibriiumlcut anajlorinogen, as Schmidt does. On passing carbonic 
acid through nbrinoplastic fluids ^lobuHn is obtained, which 
forms the essential part of corpuscles and blood crystals, and 
which is regarded by Schmidt as one of the constituents of 
fibrin. It is found m all the coagulative fluids, such as the 
aaueous humour, saliva, synovia, connective tissue, and else- 
wnere. Globulin loses its fibi-inoplastic powers when long 
exposed to the air, or subjected to a temperature of 158° F. ; 
but they are increased by an alkaline solution just sufficiently 
strong to dissolve it, while it is weakened or destroyed in stronger 
solutions. An add solution masks its powers, so that the stronger 
it is the larger is the quantity of alkali required to counteract 
the acid, and to restore the powers. It appears, however, to be 
necessary that the globulin snould be in some particular condi- 
tion about which nothing is known. Having found, as he 
thought, one of the constituents of fibrin, Schmidt applied him- 
self to the discovery of the other. He saturated a fiorinogenous 
liquid with carbonic acid, and obtained a substance which was 
found to give a clot with blood serum. It resembled globulin 
in its general behaviour towards reagents, but differed as regards 
its sensitiveness towards them, being more easily predpitated 
frx)m its solutions by alcohoL There was, however, still some- 
thing wanting, for when the prepared fibrinogenous and fibrino- 
plastic fluids were mixed, it was seldom a coa^lum could be 
obtained, and then only an imperfect one. This last difficulty 
will, no doubt, be removed when some one undertakes a com- 
plete examination of the causes which induce the formation of 
the numerous albumen and albumen-like compounds. The 
result of this part of the inquiry is summed up by the writer of 
the article in the * Natural History Review * in the following 
terms: — ''AU fibrinoplastic substances are found to contain 
globulin. Deprived of their globulin, they lose their coagu- 
lating virtues. Globulin itself is highly fibrinoplastic ; added to 
a fibnnogenous liquid it disappears, giving rise to fibrin. By 
no other means than by the action of a fibrinogjenous licjuid can 
globulin, so fiir as is yet known, be converted into fibnn. All 
fibrinoplastic liquids are found to contain a substance called 
fibrinogen. Deprived of their fibrinwen, these liquids will no 
longer coagulate on the addition of g[lobulin. Fibrmogen added 
to a fibrinoplastic fluid disappears, giving rise to flbrin. By no 
other means than by the action of a fibrinoplastic fluid can 
fibrinogen be converted to fibrin. Though the direct union of 
fibrhiogen and globulin rarely succeeds in giving rise to fibrin. 
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has an important relation to animal heat, which, in most cases, is 
greatest in the most active breathers. This rehition of size is 
mt6resting, since the corpnscles are believed to be oxygen carriers, 
and they will be more active, weight for weight, the smaller 
they are, since the greater the number in a given weight the 
larger is the superficial area presented for chemical and pnysical 
pirocesses. The following is an abstract of Gulliver's observa- 
tions on the corpuscles of the different mammalian orders. In 
man they are larger than in most mammalia. Those of the 
Quadrvmuma differ little from those of man, but are generally 
somewhat smaller. Those of the Cheiroptera and InsecHvora are 
smaller than those of monkeys. Amongst the Ferm thev differ 
considerably in size, but in some of the minor groups tney are 
remarkably uniform. If arranged according to the size of the cor- 
puscles, the groups would stand thus, those with the largest being 
placed first ; seafe, dogs, bears, weasels, cats, viverrines. In the 
seals, otters, and dogs, the corpuscles are of about the same size as 
those of man ; while those of the viverrines are as small as those 
of some Ewminantia, The genera Bassaris and CercolepUs have 
been bandied about between the ursine and viverrine families by 
zoological classifiers ; but judged by the present test, the former 
should be classed with the bears, and the latter with the viverrine 
group. Amongst the Pachydermata^ the elephant has larger, and 
the rhinoceros, tapirs, pigs, and horses have smaller, coipuscles 
than man ; while in uie Hyrax they are remarkably large for 
the size of the animal, in which feature it is more lite a rodent 
than a pachyderm. Amongst whales, the corpuscles are lai^er 
in Balcena than in man ; of about the same size in the caa'ing- 
whale, and rather smaller in the porpoise. The corpuscles are 
characteristically small in the Ruminants. The Moschidce have 
the smallest corpuscles known. They are somewhat larger in 
the brocket deer, and ibex ; and increase as we pass from the 
common goat and sheep to the laiger species in ^lich they are 
larger than in most of the ViverrQce, The Rodents have large 
corpuscles, those of the little harvest-mouse rivalling those of 
the horse and peccary in size, while the canybara has larger 
corpuscles than man. The corpuscles of tne Edentates are 
large. In the little armadillo they are somewhat smaller than in 
man ; but those of the two-toed sloth and great ant-eater are 
much larger. The Marsunials resemble the Rodents in the size 
of the corpuscles, and the Monotremes resemble man in the same 
respect. In speaking of the size of the corpuscles, the average is 
meant ; for they vary even in the same individual, some being 
one-third larger or smaller than others ; and the proportion of these 
exceptionally-sized corpuscles probably varies from time to time. 
In our further remarks we shall allude to both these corpuscles 
generally as the red corpuscles, using the terms nucleated and 
non-nucleated when it is desired to refer to either of them sepa- 
rately. There is much uncertainty as to the cause of the variation 
in the colour of the blood from bright scarlet to dark purple. The 
explanations offered in the originid article are plausible, but the 
same results may be produced in other ways which are equally 
plausible, and the difficulty is to decide the actual way in which 
it is produced, and not how it may be done. As a general rule, 
artenal blood has a bright scarlet tint, while venous blood is a 
dark red. The difference is most marked in individuals which 
have a slow or weak respiration, or dwell in cold climates ; and 
it is least marked in those which have an unusually active respi- 
ration or dwell in wann climates. The florid hue is most exten- 
sive wherever the largest amount of oxygen has been absorbed. 
If all the gases be withdrawn from the blood, both the arterial 
and venous varieties present the same dull black tint. The 
colour is due to the red corpuscles and the changes they undergo. 
Although they are so minute, their superficial area is surprising, 
but it is difficult to estimate it. Yierordt has calculated that a 
cubic centimetre of human blood contains no fewer than 
6,055,000 red corpuscles, and Welcker 4,600,000. Taking the 
former as a basis, it would yield upwards of 83 millions in 
every ctibic inch, and if we estimate the whole quantity of 
blood in the system at 15 lbs. or a gallon and a half, it would 
give upwards of 38,445,000,000 red corpuscles for liie whole 
body. Their total superficial area would oe between 50 and 60 
square feet. It is noticeable that the corpuscles are biconcave, 
by which arrangement the same superficial area is obtained in a 
much smaller space than if they were simply globular ; but 
what is the object of it we are unable to indicate ; the effect of 
it is to allow of a larger proportion of liquor sanguinis for the 
same amount of corpuscular surface. It is supposed that the 
biconcavities may be an element in the alteration of colour, and 
there is as much evidence in favour of this view as of the one 
usiudly accepted, that the alteration of colour is due to the 



action of oxygen and carbonic acid on hsematin« It is true that 
when withdrawn from the body arterial blood may be coloured 
like venous by the action of carbonic acid, and the contrary 
change brought about by means of oxygen; but the same 
changes are effected in another way. I^ for instance, arterial 
blood be deprived of a portion of its fibrin, and be diluted with 
water, it acquires the aspect of venous blood; and the red 
colour may be restored by the action of a saturated solution of a 
neutral salt, while oxygen is unable to do it. Venous blood 
may be reddened by means of a similar saturated solution, but 
carbonic acid will not render it dark again. Hence it is not side 
to conclude that the light or dark colour always indicates the 
relative abundance or scarcity oi oxygen and carbonic add gases. 
The changes of colour in the above illustration appear to be 
regulated oy variations in the density of the fluid surrounding 
the corpuscles. When its specific gravity is lessened by the 
addition of water, the corpuscles are darkened, but when it is 
increased by the addition of a strong solution, they become 
lighter. That such variations do take place in the density of 
the liquor sanguinis is well known, but it remains to be proved 
whether such cnanges are the real agents. The following remarks 
by Dr. Carpenter especially apply to this point. " The blood 
contained m the veins of muscles is dark, and always of a 
deeper shade in proportion to the energy and duration of the 
previous muscular contraction, whilst that returning from the 
gland is always brighter in proportion to the activity with which 
secretion is being formed ; and in the latter instfmce, with the 
alteration in colour, the amount of fibrin is found to be dimi- 
nished, or so modified as to form a softer clot, from which a large 
quantity of serum separates. It is remarkable that if the dark 
coloured clot of ordinary venous blood be immersed in the serum 
of the scarlet venous blood, it rapidly assumes a brighter tint, 
and conversely the clot oi scarlet venous blood changes to a 
dark colour when immersed in the serum of deep coloured 
venous blood ; from which we may conclude that the primary 
changes are effected upon the liquor sanguinis, and not upon the 
corpusclea'' Professor Stokes has examined the blood with the 
spectroscope, with a view to ascertaining what are the colouring 
matters, and in what w^ the transition frt)m the purple to the 
scarlet hue is effected. He details a series of obseiTations from 
which he infers that "the colouring matter of the blood is 
capable of existing in two states of oxidation, distinguishable 
by a difference of colour, and by a fundamental difference in the 
action on the spectrum. It may be made to pass from the more 
to the less oxidized state by the action of suitable reducing 
^ents, and recovers its oxygen by absorption from the air.^ 
Tnis colouring matter, in its two-fold state, he terms purple and 
red cruorine. This substance is exceedingly unstable in its 
nature, so that while it will take up oxygen greedily it parts 
with it again readily, and it is easily aecomposed. Amongst the 
products of decomposition is hsematin, which is far more stable, 
out otherwise it has considerable resemblance to cruorine in 
some of its chemical features. In order to illustrate what may 
be the functions of cruorine. Prof. Stokes describes an experi- 
ment, and offers comments upon it. A solution of protoxide of 
tin was rendered alkaline, ana to it was added some tartaric acid. 
When some of this was added to a moderate quantity of a solu- 
tion of scarlet cruorine, the latter was reduced, but was again 
oxidized by being shaken up with air. On standing for about 
two minutes it was again reduced, and could be reoxidized by 
further agitation with air. It thus appears "that purple 
cruorine aDsorbs/re« oxygen with much greater avidity than &ie 
tin solution, notwithstanding that the oxidized cruorine is itself 
reduced by the tin salt'' His comments are to the following 
effect : — " As the purple cruorine in the solution was oxidized 
almost instantaneously on being presented with free oxygen by 
shaking with air, while the tin salt remained in an unoxidized 
state, so the purple cruorine of the veins is oxidized during the 
time, brief though it may be, during which it is exposed to the 
air in the lungs, while the substances derived from the food may 
have little disposition to combine with free oxygen. As the 
scarlet cruorine is gradually reduced, oxidizing thereby a portion 
of the tin salt, so part of the scarlet cruorine is gradually 
reduced in the course of the circulation, oxidizing substances 
derived from tJie food or of the tissues. The purplish colour 
now assumed by the solution illustrates the tinge of venous 
blood, and a fresh shake represents a fresh passage through the 
lungs." ('Proceedings of the Royal Sociefy,' vol. xiii.) The 
quantity of red corpuscles may vaiy considerably within the 
mnits of health, ana still more widely in diseased conditions of 
the body. On the average it is greater in males than in females 
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by from 1 to 2 per cent.; in the higher vertebrates than in the 
lower ; and in individuals of a sanguineous than in those of a 
lymphatic temperament In anaemia, chlorosis, scurvy, albu- 
mmuna, and other diseases, there is a decrease of the corpuscles 
from the normal abundance. Considering that the blood is 
entirely confined within a system which has no direct communi- 
cation with the open air, any information that gives the slightest 
clue as to the method of its formation is of importance. In 
this connection, then, we would mention Dr. Roberts' experiments 
on the corpuscles. On treating them with a solution of magenta 
the pale variety was more deeply tinted than the dark, and its 
nucleus was conspicuous on accoimt of the bright carbimcle red 
which it acquired. These nuclei were observea to be in various 
sta^ of division, and were seen to liberate secondary nuclei, 
wluch passed into the blood, and by subsequent enlargement 
change of form, and chemical composition, to develope into red 
blood-disks. By treatment with carbolic add the corpuscles ap- 
peared as though their contents had separated themselves from 
the corpuscular wall, and had collected among the nucleL 

The red corpuscles consist of an albuminous base, or globulin, 
and of certain colouring matters. Bojanowski recognises four 
varieties, which he calls haematoglobulm, hadmatoidin, haematin, 
and ha^min ; but our ideas concerning them are far from being 
precise, and it is probable that all the different varieties of 
colouring matter are variable mixtures of two definite com- 
pounds. The hssmatoglobulin may be obtained in crvstals from 
Dlood which has been long exposed to cold air, but tneir shapes 
vary in different animals. They will dissolve in water, acetic 
acid, and ammonia, but not in alcohol. There is a marked dif- 
ference in the crystalline varieties of this substance. Those of 
man will dissolve in 94 parts of water, while those of the guinea- 
pig require 600 parts for solution. The analysis of three 
specimens afforded Lehmann the following results : — 
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Notices of hsematoglobulin will be -found under Hemato- 
CT8TALLIN, E. C, A. AND Sci. Div. ; of heematin, under 
Hematosin, in the same division ; and of haematoidin under the 
same name in that division. Of hasmatoidin we will only say 
here, that it is probably formed from haematin by decomposition. 
Haemin occurs m rhombic crystals, those of men being readily 
distinguished from the crystals yielded by the blood of domestic 
animals, and hence their form is frequently employed as a test 
of the character of blood-stains in medico-legal mquiries. They 
are of dark brown or black colour, but are rendered violet by 
oxygen, and again opaque by subsequent treatment with car- 
bomc acid. Globulin, which forms the creat bulk of the 
corpuscle, is a modified form of albumen^ and has the same per- 
centage composition. The analyses nven by Lehmann of 
hasmatoglobulin are identical with tne results afforded by 
globulin. Qlobulin is the albuminous constituent of the cor- 
puscle, and represents the albumen of the liquor sanguinis. 
, We now pass from the corpuscles to consider the fluid in 
which they float. It is a solution, the constituents of which 
are liable to constant change within certain narrow limits. 
Amongst those constituents we have mentioned fibrin, but it is 
not certain that this substance pre-exists in a state of solution. 
It has been suggested that when it separates from the blood, 
forming the wm-known phenomenon called coagulation, it is 
then formed for the first time from two substances already exist- 
ing in the blood. In the E. C. article the fibrin is saia to be 
mechanically suspended in the blood, but this is certainly not 
the case. Coagulation has been much studied, but although 
inquirers appear to be approaching the truth as to the causes 
which produce it, and its significance as throwing light upon the 
fonnation of the blood, they have yet far more to leain. Coagu- 
lation is for the most part the result of a combination of circum- 
stances external to the Dody itself. When the blood is withdrawn 
from the system, and exposed to the air, the corpuscles begin to 
sink, while minute fibres form in the fluid, beginning at the 
sides of the vessel at the surface, and creeping towards the 
centre. This proceeds so rapidly in most cases that the fibrin 
entangles many of the corpuscles in its meshes, and bo forms the 
clot The coagulum is a fiorous solid, especially remarkable since 
it presents an arrangement analogous, or probably identical in 



character with that of organized structure, and the resemblance 
is greatest when highly vitalized fibrin coagtdates very slowly 
on a living membrane, and produces a fibrous tissue with blood- 
vessels traversing it It only differs from the tissue formed 
mthin the living organism in being less distinctly fibrous. With 
regard to the time mentioned in the E. C. article which the dot 
takes to form, it is true for the majority of cases, but it is by no 
means constant. It takes a very long time in individuals wnich 
have been killed by lightning, electric shocks, and asphyxia, 
and it may be retarded or accelerated in various ways. Many 
facts are on record which support the hypothesiB that fibrin is 
the result of the combination of two distinct substances, and 
this hypothesis has received considerable support from the re- 
searches of M. Alexander Schmidt, of Dorpat, an analysis of 
which is riven in the * Natural History Review ' for 1864. For 
instance, by adding the serum of blood (a fluid which presents 
no tendency to coagulate, and which is supposed to be perfectly 
free from fibrin, since that has been thrown down in tne blood 
clot) to any other serous fluids which themselves do not possess 
any jwwer of spontaneous coagulation, we obtain a clot ofnbrin. 
The serous flmds are believ^ to be coagulable by themselves 
soon after withdrawal from the living body, but they soon lose 
their power. The power is at once restored to them by the 
addition of blood serum. From this it would seem that the two 
fluids possess, when combined, some condition which is wanting 
in their separate states. Blood serum has a veiy feeble coagu- 
lating power, and it has been disassociated from the fibrin and 
the corpuscles. The addition of fibrin to it has no effect ; but 
if only a few corpuscles be added, its coagulation is greatly 
increased, and if a microscope be employed, the corpuscles will 
be seen to be the centres of the coagulating force. The blood 
crystals, termed haematoglobulin, Imve a similar coagulating 
power. Schmidt supposes that the blood corpuscles contain a 
constituent which, combining with another in the serum, forms 
fibrin. Accordingly he groups all substances wldch act like the 
corpuscles as fibrtnoplastic agents, and those which behave like 
serum JibrinoaeTwus — terms which may be used for these ideas 
without implying the existence of any substance known as 
fibriiumlast BxAfiBrinogen, as Schmidt does. On passing carbonic 
acid through nbrinoplastic fluids globulin is obtained, which 
forms the essential part of corpuscles and blood crystals, and 
which is regarded by Schmidt as one of the constituents of 
fibrin. It is found m all the coagulative fluids, such as the 
aaueous humour, saliva, synovia, connective tissue, and else- 
where. Qlobulin loses its fibrinoplastic powers when long 
exposed to the air, or subjected to a temperature of 158° F. ; 
but they are increased by an alkaline solution just sufficiently 
strong to dissolve it, while it is weakened or destroyed in stronger 
solutions. An add solution masks its powers, so that the stronger 
it is the laiger is the quantity of alkali required to counteract 
the acid, and to restore the powers. It appears, however, to be 
necessary that the globulin snould be in some particular condi- 
tion about which nothing is known. Having found, as he 
thought, one of the constituents of fibrin, Schmidt applied him- 
self to the discovery of the other. He saturated a fibrinogenous 
liquid with carbonic acid, and obtained a substance which was 
foimd to give a dot with blood serum. It resembled globulin 
in its general behaviour towards reagents, but differed as regards 
its sensitiveness towards them, being more easily precipitated 
frx)m its solutions by alcohoL There was, however, still some- 
thing wanting, for when the prepared fibrinogenous and fibrino- 
plastic fluids were mixed, it was seldom a coa^lum could be 
obtained, and then only an imperfect one. This last difficulty 
will, no doubt, be amoved when some one undertakes a com- 
plete examination of the causes which induce the formation of 
the numerous albumen and albumen-like Compounds. The 
result of this part of the inquiry is summed up by the writer of 
the article in the * Natural History Review * in the following 
terms : — ''All fibrinoplastic substances are found to contain 

globulin. Deprived of their globulin, they lose their coagu- 
iting virtues. Globulin itself is highly fibrinoplastic ; added to 
a fibrinogenous liquid it disappears, giving rise to fibrin. By 
no other means than by the action of a fibrinogjenous licjuid can 
globulin, so far as is yet known, be converted into fibnn. All 
fibrinoplastic liquids are found to contain a substance called 
fibrinogen. Deprived of their fibrinc^en, these liquids will no 
longer coagulate on the addition of globulin. Fibrmogen added 
to a fibrinoplastic fluid disappears, giving rise to fibrin. By no 
other means than by the action of a fibrinoplastic fluid can 
fibrinogen be converted to fibrin. Though the direct union of 
flbrhiogen and globulin rarely succeeds in giving rise to fibrin. 
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has an important relation to animal heat, which, in most cases, is 
greatest in the most active breathers. This rehition of size is 
mt^resting, since the corpuscles are believed to be oxygen carriers, 
and they will be more active, weight for weight, the smaller 
they are, since the greater the nimiber in a gjiven weight the 
larger is the superficial area presented for chemical and pnysical 
jtrocesses. The following is an abstract of Gulliver's observa- 
tions on the corpuscles of the different mammalian orders. Li 
man they are larger than in most mammalia. Those of the 
Quadrumana diflfer little from those of man, but are generally 
somewhat smaller. Those of the Cheiroptera and Tnsectivora are 
smaller than those of monkeys. Amongst the FercB thev differ 
considerably in size, but in some of the minor groups tney are 
remarkably uniform. If arranged according to the size of the cor- 
puscles, the groups would stand thus, those with the largest being 
placed first ; seals, dogs, bears, weasels, cats, viverrines. In the 
seals, otters, and dogs, the corpuscles are of about the same size as 
those of man ; while those of the viverrines are as small as those 
of some Rwminarttia, The genera Bassaris and Cercoleptes have 
been bandied about between the ursine and viverrine families by 
zoological classifiers ; but judged by the present test, the former 
should be classed with the bears, and the latter with the viverrine 
group. Amongst the Pachydermata^ the elephant has larger, and 
the rhinoceros, tapirs, nigs, and horses have smaller, coipusdes 
than man ; while in tne Hyraz they are remarkably lai^e for 
the size of the animal, in which feature it is more like a rodent 
than a pachyderm. Amongst whales, the corpuscles are lai^er 
in Bakeifia tnan in man ; of about the same size in the caa'ing- 
whale, and rather smaller in the porpoise. The corpuscles are 
characteristically small in the Ruminants. The MoschidcB have 
the smallest corpuscles known. They are somewhat larger in 
the brocket deer, and ibex ; and increase as we pass from the 
common goat and sheep to the laiger species in which they are 
larger than in most of the ViverruUe, The Rodents have lai^e 
corpuscles, those of the little harvest-mouse rivalling those of 
the horse and peccary in size, while the capybara has larger 
corpuscles than man. The corpuscles of tne Edentates are 
large. In the little armadillo they are somewhat smaller than in 
man ; but those of the two-toed sloth and great ant-eater are 
much larger. The Marsupials resemble the Rodents in the size 
of the corpuscles, and the Monotremes resemble man in the same 
respect. In speaking of the size of the corpuscles, the average is 
meant ; for they vary even in the same individual, some being 
one-third larger or smaller than others ; and the proportion of these 
exceptionally-sized corpuscles probably varies from time to time. 
In our further remarks we shall allulie to both these corpuscles 
generally as the red corpuscles, using the terms nucleated and 
non-nucleated when it is desired to refer to either of them sepa- 
rately. There is much uncertainty as to the cause of the variation 
in the colour of the blood from bright scarlet to dark purple. The 
explanations offered in the originsd article are plausible, but the 
same results may be produced in other ways which are equally 
plausible, and the difficulty is to decide the actual way in which 
it is produced, and not how it may be done. As a general rule, 
artenal blood has a bright scarlet tint, while venous blood is a 
dark red. The difference is most marked in individuals which 
have a slow or weak respiration, or dwell in cold climates ; and 
it is least marked in those which have an unusually active respi- 
ration or dwell in warm climates. The florid hue is most exten- 
sive wherever the lai^gest amount of oxygen has been absorbed. 
If all the gases be withdrawn from the blood, both the arterial 
and venous varieties present the same dull black tint. The 
colour is due to the red corpuscles and the changes ti^ey imdergo. 
Although they are so minute, their superficial area is surprising, 
but it is difficult to estimate it. Yierordt has calculated that a 
cubic centimetre of human blood contains no fewer than 
6,055,000 red corpuscles, and Welcker 4,600,000. Taking the 
former as a basis, it would yield upwards of 83 mOlions in 
every cubic inch, and if we estimate the whole quantity of 
blood in the system at 15 lbs. or a gdlon and a h^f, it would 
give upwards of 38,445,000,000 red corpuscles for tJie whole 
body. Their total superficial area would be between 50 and 60 
square feet. It is noticeable that the corpuscles are biconcave, 
by which arrangement the same superficial area is obtained in a 
much smaller space than if they were simply globular ; but 
what is the object of it we are unable to indicate ; the effect of 
it is to allow of a larger proportion of liquor sanguinis for the 
same amount of corpuscuW surface. It is supposed that the 
biconcavities may be an element in the alteration of colour, and 
there is as much evidence in favour of this view as of the one 
usually accepted, that the alteration of colour is due to the 



action of oxygen and carbonic acid on hssmatin. It is true that 
when withdrawn from the body arterial blood may be coloured 
like venous by the action of carbonic acid, and the contrary 
change brought about by means of oxygen; but the same 
changes are effected in another way. I^ for instance, arterial 
blood be deprived of a portion of its fibrin, and be diluted with 
water, it acquires the aspect of venous blood; and the red 
colour may be restored by the action of a saturated solution of a 
neutral salt, while oxygen is unable to do it. Venous blood 
may be reddened by means of a similar saturated solution, but 
carbonic acid will not render it dark again. Hence it is not safe 
to conclude that the light or dark colour always indicates the 
relative abundance or scarcity oi oxygen and carbonic acid gases. 
The changes of colour in tne above illustration appear to be 
regulated oy variations in the density of the fluid surrounding 
the corpuscles. When its specific gravity is lessened by the 
addition of water, the corpuscles are darkened, but when it is 
increased by the addition of a strong solution, they become 
lighter. That such variations do take place in the density of 
the liquor sanguinis is well known, but it remains to be proved 
whether such changes are the real agents. The foUowii^ remarks 
by Dr. Carpenter especially apply to this point " The blood 
contained m the veins of muscles is dark, and always of a 
deeper shade in proportion to the energy and duration of the 
previous muscular contraction, whilst that returning from the 
gland is always brighter in proportion to the activity with which 
secretion is being formed ; and in the latter instajice, with the 
alteration in colour, the amount of fibrin is found to be dimi- 
nished, or so modified as to form a softer clot, from which a laige 
quantity of serum separates. It is remarkable that if the dark 
coloured clot of ordinary venous blood be immersed in the serum 
of the scarlet venous blood, it rapidly assumes a brighter tint, 
and conversely the clot oi scarlet venous blood changes to a 
dark colour when immersed in the serum of deep coloured 
venous blood ; from which we may conclude that the primary 
changes are effected upon the liquor sanguinis, and not upon the 
corpusclea" Professor Stokes has examined the blood with the 
spectroscope, with a view to ascertaining what are the colouring 
matters, and in what w^ the transition from the purple to the 
scarlet hue is effected. Me details a series of observations from 
which he infers that "the colouring matter of the blood is 
capable of existing in two states of oxidation, distinguishable 
by a difference of colour, and by a fundamental difference in the 
action on the spectrum. It may be made to pass from the more 
to the less oxidized state by the action of suitable reducing 
^ents, and recovers its oxygen by absorption from the air. 
Tnis colouring matter, in its two-fold state, ne terms purple and 
red cruorine. This substance is exceedingly unstable in its 
nature, so that while it will take up oxygen greedily it parts 
with it again readily, and it is easily aecomposed. Amongst the 
products of decomposition is hsematin, which is far more stable, 
out otherwise it has considerable resemblance to cruorine in 
some of its chemical features. In order to illustrate what may 
be the functions of cruorine. Prof. Stokes describes an experi- 
ment, and offers comments upon it. A solution of protoxide of 
tin was rendered alkaline, and to it was added some tartaric acid. 
When some of this was added to a moderate quantity of a solu- 
tion of scarlet cruorine, the latter was reduced, but was again 
oxidized by being shaken up with air. On standing for about 
two minutes it was again reduced, and could be reoxidized by 
further acitation with air. It thus appears "that purple 
cruorine absorbs /re^ oxygen with much greater avidity than Uie 
tin solution, notwithstanding that the oxidized cruorine is itself 
reduced by the tin salf His comments are to the following 
effect : — " As the purple cruorine in the solution was oxidiz^ 
almost instantaneously on being presented with free oxyg^en by 
shaking with air, while the tin salt remained in an unoxidized 
state, so the purple cruorine of the veins is oxidized during the 
time, brief though it may be, during which it is exposed to the 
air in the lungs, while the substances derived from the food may 
have little disposition to combine with free oxygen. As the 
scarlet cruorine is gradually reduced, oxidizing thereby a portion 
of the tin salt, so part of the scarlet cruorine is gradually 
reduced in the course of the circulation, oxidizing substances 
derived from the food or of the tissues. The puiplish colour 
now assumed by the solution illustrates the tinge of venous 
blood, and a fresn shake represents a fresh passage through the 
lungs." ('Proceedings of the Royal Society,' vol. xiii.) The 
(quantity of red corpuscles may vaiy considerably within the 
imits of health, ana still more widely in diseased conditions ot 



the body. On the average it is greater in males than in females 
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by from 1 to 2 per cent.; in the liiglier vertebrates than in the 
lower ; and in individuals of a sanguineous than in those of a 
lymphatic temperament. In anaemia, chlorosis, scurvy, albu- 
minuria, and otlier diseases, there is a decrease of the corpuscles 
from the normal abundance. Considering that the blood is 
entirely confined within a system which has no direct conmiuni- 
cation with the open air, any information that gives the slightest 
clue as to the method of its formation is of importance. In 
this connection, then, we would mention Dr. Roberts' experiments 
on the corpuscles. On treating them with a solution ot magenta 
the pale variety was more deeply tinted than the dark, and its 
nucleus was conspicuous on account of the bright carbuncle red 
which it accjuirei These nuclei were observed to be in various 
stages of division, and were seen to liberate secondary nuclei, 
which passed into the blood, and by subsequent enlaigement 
change of form, and chemical composition, to develope into red 
blood-disks. By treatment with carbolic add the corpuscles ap- 
peared as though their contents had separated themselves from 
the corpuscular wall, and had collected among the nucleL 

The red corpuscles consist of an albuminous base, or globulin, 
and of certain colouring matters. Bojanowski recognises four 
varieties, which he calls haematoglobulm, haematoidin, haeraatin, 
and hoemin ; but our ideas concerning them are far from being 
precise, and it is probable that all the different varieties of 
colouring matter are variable mixtures of two definite com- 
pounds. The haematoglobulin may be obtained in crystals from 
blood which has been long exposed to cold air, but their shapes 
vary in different animals. Tney will dissolve in water, acetic 
acid, and ammonia, but not in alcohol. There is a marked dif- 
ference in the crystalline varieties of this substance. Those of 
man will dissolve in 94 parts of water, while those of the guinea- 
pig require 600 parts for solution. The analysis of three 
specimens afforded Lehmann the following results : — 
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Notices of haamatoglobulin will be -found imder Hemato- 
CT8TALLIN, E. C, A. AND Sci. Div. ; of haematin, under 
Hematosik, in the same division ; and of haematoidin under the 
same name in that division. Of haamatoidin we will only say 
here, that it is probably formed from haamatin by decomposition. 
Haemin occurs m rhombic crystals, those of men being readily 
distinguished from the crystals yielded by the blood of domestic 
animals, and hence their form is frequently employed as a test 
of the character of blood-stains in medico-legal inquiries. They 
are of dark brown or black colour, but are rendered violet by 
oxygen, and again opaque by subsequent treatment with car- 
bomc acid. Qlobunn, which forms t^e creat bulk of the 
corpuscle, is a modified form of albumen, and has the same per- 
centage composition. The analyses given by Lehmann of 
hssmatoglobulin are identical with tne results afforded by 
globulin. Qlobulin is the albuminous constituent of the cor- 
puscle, and represents the albumen of the liquor sanguinis. 

We now pass from the corpuscles to consider the fluid in 
which they float It is a solution, the constituents of which 
are liable to constant change within certain narrow limits. 
Amongst those constituents we have mentioned fibrin, l)ut it is 
not certain that this substance pre-exists in a state of solution. 
It has been suggested that when it separates from the blood, 
forming the wm-known phenomenon called coagulation, it is 
then formed for the first time from two substances already exist- 
ing in the blood. In the E. C. article the fibrin is said to be 
mechanically suspended in the blood, but this is certainly not 
the case. Coagulation has been much studied, but although 
inquirers appear to be approaching the truth as to the causes 
which produce it, and its significance as throwing light upon the 
formation of the blood, they have yet far more to learn. Coagu- 
lation is for the most part the result of a combination of circum- 
stances external to the oody itself. When the blood is withdrawn 
from the system, and exposed to the air, the corpuscles begin to 
sink, while minute fibres form in tJie fluid, beginning at the 
sides of the vessel at the surface, and creeping towards the 
centre. This proceeds so rapidly in most cases that the fibrin 
entangles many of the corpuscles in its meshes, and bo forms the 
clot The coagulom is a fibrous solid, especially remarkable since 
it presents an arrangement analogous, or prooably identical in 



character with that of organized structure, and the resemblance 
is greatest when highly vitalized fibrin coagulates very slowly 
on a living membrane, and produces a fibrous tissue with blood- 
vessels traversing it It only differs from the tissue formed 
within the living organism in being less distinctly fibrous. With 
regard to the time mentioned in the E. C. article which the dot 
takes to form, it is true for the majority of cases, but it is by no 
means constant. It takes a very long time in individuals wnich 
have been killed by lightning, electric shocks, and asphyxia, 
and it may be retarded or accelerated in various ways. Many 
facts are on record which support the hypothesis that fibrin is 
the result of the combination of two distinct substances, and 
this hypothesis has received considerable support from the re- 
searches of M. Alexander Schmidt, of Dorpat, an analysis of 
which is ^ven in the * Natural History Review ' for 1864. For 
instance, by adding the serum of blood (a fluid which presents 
no tendency to coa^g^ulate, and which is supposed to be perfectly 
free from fibrin, since that has been thrown down in tne blood 
clot) to any other serous fluids which themselves do not possess 
any power of spontaneous coagulation, we obtain a clot ofnbrin. 
The serous fluids are believed to be coa^ulable by themselves 
soon after withdrawal from the living body, but they soon lose 
their power. The power is at once restored to them by the 
addition of blood serum. From this it would seem that the two 
fluids possess, when combined, some condition which is wanting 
in their separate states. Blood serum has a very feeble coagu- 
lating power, and it has been disassociated from the fibrin and 
the corpuscles. The addition of fibrin to it has no effect ; but 
if only a few corpuscles be added, its coagulation is greatly 
increased, and if a microscope be employed, the corpuscles will 
be seen to be the centres of the coagulating force. The blood 
crystals, termed hsamatoglobulin, Imve a similar coagulating 
power. Sclmiidt supposes that the blood corpuscles contain a 
constituent which, combining with another in the serum, forms 
fibnn. Accordingly he groups all substances which act like the 
corpuscles as fibnnoplastic agents, and those which behave like 
serum fbriiwgenous-^texmB which may be used for these ideas 
without implying the existence of any substance known as 
fibrirwplatt Ana iSrinogert, as Schmidt does. On passing carbonic 
acid tnrough fibrinoplastic fluids dobulin is obtained, which 
forms the essential part of corpuscles and blood crystals, and 
which is regarded by Schmidt as one of the constituents of 
fibrin. It is foimd m all the coagulative fluids, such as the 
aaueous humour, saliva, synovia, connective tissue, and else- 
wnere. Qlobulin loses its fibrinoplastic powers when long 
exposed to the air, or subjected to a temperature of 158° F. ; 
but they are increased by an alkaline solution just sufficiently 
strong to dissolve it, while it is weakened or destroyed in stronger 
solutions. An acid solution masks its powers, so that the stronger 
it is the larger is the quantity of alkali required to counteract 
the acid, and to restore the powers. It appears, however, to be 
necessary that the globulin snould be in some particular condi- 
tion about which nothing is known. Having found, as he 
thought, one of the constituents of fibrin, Schmidt applied him- 
self to the discovery of the other. He saturated a fibrinogenous 
liquid with carbonic acid, and obtained a substance which was 
foimd to give a clot with blood serum. It resembled globulin 
in its general behaviour towards reagents, but differed as regards 
its sensitiveness totv^ards them, being more easily precipitated 
fit)m its solutions by alcohoL There was, however, still some- 
thing wanting, for when the prepared fibrinogenous and fibrino- 
plastic fluids were mixed, it was seldom a coa^um could be 
obtained, and then only an imperfect one. This last difficulty 
will, no doubt, be removed when some one undertakes a com- 
plete examination of the causes which induce the formation of 
the numerous albumen and albumen-like Compounds. The 
result of this part of the inquiry is summed up by the writer of 
the article in the * Natural History Review * in the following 
terms : — "All fibrinoplastic substances are found to contain 
globulin. Deprived of their globulin, they lose their coagu- 
lating virtues. Globulin itself is highly fibrinoplastic ; added to 
a fibnuogenous liquid it disappears, giving rise to fibrin. By 
no other means than by the action of a fibrinogenous licjuid can 
globulin, so far as is yet known, be converted into fibnn. Ail 
fibrinoplastic liquids are found to contain a substance called 
fibrinogen. Deprived of their fibrinogen^ these li<^uids wiU no 
longer coagulate on the addition of globulin. Fibrmogen added 
to a fibrinoplastic fluid disappears, giving rise to fibrin. By no 
other means than by the action of a fibrinoplastic fluid can 
fibrinogen be converted to fibrin. Though the direct union of 
fibrinogen and globulin rarely succeeds in giving rise to fibrin^ 
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yet the two Lodics obtained together by the action of caiLcniic 
acid or plasma produce a clot when dissolved in a feebly alka- 
line fluid." With the help of these preliminary, perhaps hypo- 
thetical views, the consideration of tlie action of various agents 
on the coagulation of blood will be more easily understood. 
They act mainly in retarding or hastenine the coagulation, in 
increasing or lessening the quantity of fibrin formed, and in 
modifying the character of the clot as regards consistency, &c. 
Dilution with water retards it, and may even prevent it, if a 
large quantity of water be used. Since fibrin is quite insoluble 
in cola water, the addition of more water would be expected 
rather to hasten the coagulation, if it were simply the release of 
the fibrin from its solution ; while, if it were the result of a 
chemical combination, dilution would be expected to weaken the 
energy of the combination. So, again, heat quickens the pro- 
cess, while cold delays it, but a temperature of 158" stops it 
At this temperature globulin is known to undergo a slight modi- 
fication prior to passing into its insoluble form at higher tem- 
peratures. Carbonic acid is sometimes favourable, and sometimes 
imfavourable, to coagulation. It is favourable when the fluid is 
highly alkaline, and unfavourable when the fluid is otherwise 
in the best condition for the process to take place. In the latter 
case it reduces the albuminous substances to an insoluble condi- 
tion. The action of air or oxygen is generally favourable, but 
in such cases it appears to arise from the displacement of car- 
bonic acid when too abundant. The alkalies have a powerful 
influence, but are apparently very capricious, since they sometimes 
delay and sometimes hasten coagulation. It seems that coagula- 
tion will only take place in alkaline solutions of a certain 
stren^h, and that if they be already sufficiently alkaline, the 
addition of more retards or prevents the process, while, if they 
are acid, the addition of an alkali will promote it. 

But still there remains the question, why does not fibrin form 
in the living body? Dr. Richardson says it arises from the fibrin 
being held in solution by the presence of ammonia, and that 
when circumstances, such as exposure to air, favour the escape 
of the volatile alkali, coagulation sets in. This hypothesis is 
untenable, since it is now determined by the experiments of 
Thiry, Kiihne, and Gamgee, that in healthy normal blood there 
is no free ammonia. The arguments used by Dr. Richardson 
that the circumstances which promote or prevent the evolution 
of a volatile alkali have a similar eflect upon coagulation, and 
that such facts are strongly in favour of there being such an 
alkali present, prove nothing if it can be shown that the 
alkali is not present ; and in most cases they be,ar a diflierent 
interpretation, while in the remainder the statements adduced 
do not hold good under aU circumstances. Thus he says coa^- 
lation and evolution of an alkali are alike prevented by exclusion 
from air or other gases, by temperatures below a certain degree, 
and by the vapour of blood ; and are alike quickened by in- 
crease of temperature, exposure to air or vacuum, and dotation. 
As regards temperature we find that the coagulation is quickened 
up to a certain point, but beyond 158° it stops ; but tne evolu- 
tion of ammonia would certainly not be stopped at that tempe- 
rature. The exclusion of air is not a necessary condition either 
as an aid to or preventive of coagulation. Blood will not coagu- 
late if exposed to the air while surrounded by living tissue, or 
when contained in an artificial capsule of fibrin ; on the other 
hand it will coagulate, even in me vein of a living animal, 
around a thread which has been passed through, care being 
taken to exclude air. The vapour of blood does not always 
prevent coagulation, and when it does it has been found to con- 
tain ammonia. This, however, shows nothing more than that 
ammonia may act like other alkalies in preventing coagulation ; 
but that is no proof that it is the efficient agent in normal coagu- 
lation. Indeed when liquor ammonia is added to blood it 
cannot be driven off by exposure to air, vacuum, or a tempera- 
ture of 95° F., and lias evidently become fixed. Coagulation is, 
however, at once brought about by partially neutralizing the 
ammonia with a little acid. Amongst other hypotheses may be 
noticed that proposed by Briicke, who believes tne blood coagu- 
lates because it is deprived of something which is constantly 
being supplied to it from living tissue ; by Lister, who believes 
that " globulin and fibrinogen will not unite to form fibrin unless 
by the mediation of ordinary matter, living matter being unable 
to perform any such function," (* Natural mstoiy Review,' 1864), 
and by John Hunter, whose opinion is, that the fluidity of the 
blood depends upon something in the blood vessels, and that 
coagulation occurs when that something is withdrawn. The 
opinions of Hunter and Bi-iicke are probably very similar, 
although both are indefinitely expressed. The ideas thrown out 



by tliom arc, we are disposed to thiulc, the i-oal clue to the 
tneory of coagulation, but what that theory is, the present want 
of knowledge precludes us from expressing more precisely. The 
blood contains the fibrino^cnous and fibnnoplastic fluids or ele- 
ments. In passing throueh the blood-vessels it contains a slight 
excess of one or other of them ; each is constantly undergoing 
consumption or change, and fresh supplies of each are as con- 
stantly being received Under certain circumstances the rela- 
tion lietween supply and consumption is so altered that combi- 
nation is effected and fibrin is K)rmed. Fibrin, it should be 
remembered, is being constantly formed or deposited in the body. 
It also imdergoes decomposition, or rather, if the %aews of 
Schmidt be adopted, one or both of its constituents are modified 
in some way. Thus Brown-Sequard found that the blood going 
to the kidneys had a high coa^ulative tendency, while that which 
leaves it has little or no coagiuative power. In passing through 
the kidneys as much as 8 or 10 lbs. of fibrin or fibrin-forming 
matter is deprived of the power of coagulation. The proportion 
of fibrin yielded by blooa varies^ being greatly increased in all 
cases of local inflammation ; the increase is also well marked in 
acute rheumatism, and in the tubercular stage of phthisis. On the 
other hand it is much diminished in cholera. In describing the 
uses of fibrin in the system. Dr. Carpenter points out many 
other circumstances under which it is formed. He confesses we 
have but little positive knowledge as to the purposes of fibrin, 
but, " putting aside." he continues, " its presumed importance in 
maintaming that pnysical condition of the blood which is most 
favourable to its free movement through the vessels, and to its 
due retention within their walls, we find that it is entirely on 
the coagulating powers of the blood that the cessation of 
hsBmorrhage from even the most trifling injuries is dependent ; 
that the limitation of purulent effusions by the consobdation of 
the surrounding tissue, and the safe separation of gangrenous 
parts, can only take place in virtue of the same property ; and 
that the adhesion of incised wounds, still more tne nlling up of 
breaches of substances, require, as their first condition, mat 
either the blood or matter exuded from it should be able to 
assume the state of fibrous tissue. On the other hand we see 
the consequences of excess of the proportion of fibrin, and of that 
increased plasticity (or tendency to fibrinate) which usually ac- 
companies its augmentation, in the tendency to form those 
plastic efl'usions which are characteristic of the inflammatory 
state, and which, if poured out upon serous or mucous surfaces, 
constitute * false membranes ' ana * adhesions ' or if infiltrated 
into the substance of living tissues, occasion tneir consolidation. 
This increased plasticity of the blood, however, may frequently 
be regarded in the light of an " effort of nature " to antagonize 
the evil consequences of that depression or positive destruction 
of the vitality of the solid tissues, which seems to form an 
essential part of the inflammatory condition ; and thus it is that, 
whilst the central part of a tissue, in which the inflajnmation 
has been most intense, suffers complete death, and is carried 
away in the suppurative process, the peripheral part, in which 
the violence of the inflaminntion has oeen less, oecomes infil- 
trated with plastic matter poured out from the blood, and forms 
the solid ana impermeable wall of the abscess." 

There is much analogy, nay, we micht almost say identity, 
between the coagulation of blood and the condition of the 
muscles known as rigor mortis. The latter is the coagulation of 
certain albuminous substances, similar to but not identical 
physically with those found in the blood. And it is remarkable 
that blood and muscles have many properties in common, and 
that both contain the same decomposition products, such as 
creatine^ hypoxanthine, &c. 

Of the other constituents of the blood, such as the albumen, 
the salts, and the gases, we have left ourselves no room to say 
much. They undergo modifications of fonn and quantity. The 
albumen in the ordinary state has little or no power of passing 
through the walls of the blood-vessels, but under certain cir- 
cumstances it passes readily through, and consequently the 
blood becomes impoverished in albumen, in which state it forms 
the diseases known as albuminuria and Bright's disease. The 
alkaline salts are increased in cases of severe inflammation, but 
diminished in many of the malignant diseases, such as cholera, 
owing in great measure to the large quantities of water which 
are then drawn off from the blood. 

The changes in the proportion of the ingredients of blood 
have had reference to the body generally ; but there is an- 
other branch of the subject which is of the highest importance 
in understanding physiological phenomena, but which has as 
yet not been systemancally worked : a few examples of the kind 
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of chanffe we refer to will illustrate this remark. When an 
animal nas been fasting for some time, the blood in the mesen- 
teric veins does not mffer from venous blood generally; but 
after a meal it undergoes a complete change. It becomes highly 
diluted with water, the albumen is much increased by fresh 
supplies of albuminous matter, and the corpuscles are decreased 
relatively, if not absolutely. The soluble organic matters, such 
as sugar, dextrine, &c., appear in it ; the fibrin does not coagu- 
late Irmly ; the albununous constituent differs from true 
albumen in not being coagulable by heat or nitric acid, and in 
the ease with which it passes through animal membranes. It 
appears to be the same as the albuminous substance which 
occurs in blood in Bright's disease and in albiiminuria, and to 
be the first stage of what is generally transformed in its further 
progress along the veins into true albumen. Malhe has named 
it Muminose, The fibrin is probably also modified into that 
form which gives a firm clot. Soon after the meal has been 
digested, the blood of the mesenteric vein gradually resumes the 
character which appertains to it generally in the venous svstem. 
In the blood of the spleen the red corpuscles are diminished in 
number, the albumen is much increased, and the fibrin still 
more so. The last sometimes reaches 11 parts in 1000, or far 
more than in any other portion of the blood. This blood is also 
remarkable for the extraordinary number of white or colourless 
corpuscles which it contains. The blood of the renal veins contains 
less water and less urea than that of the renal arteries, these sub- 
stances having been separated from the system in the passa^ of 
the blood through the jddney& Professor Lehmann has pomted 
out the principal differences in the blood of the portal and 
hepatic veins. The latter, he says, " is far the poorer in water ; 
so that, assuming the solid constituents of the blood to be equal 
in both kinds of blood, the quantity of water in the blood of the 
portal veins is to that in the blood of tiie hepatic veins as 4 : 3 
•during digestion and when not much drink has been taken, and 
sometimes as much as 12 to 5 after digestion has been fully 
accomplished. The blood of the hepatic veins either does not 
coagulate at all, or the clot is bulky and readily breaks down. 
Whilst 34 parts of serum are separated from 100 parts of portal 
blood, only 15 parts are separated from 100 parts of the blood of 
the hepatic veins. The blood of the hepatic veins is far richer in 
blood-cells, both coloured and colourless, than that of the portal 
veins ; the colourless corpuscles occur in the most varied snapes 
and sizes. Hirt estimated that the proportion of the colourless 
to the red corpuscles was, in the portal venous blood as 1 : 524 ; 
in the hepatic, as 1 : 136 ; the coloured are seen in heaps of a 
distinct violet colour, and their ceU-walls are less readily 
destroyed by water than are those of the blood of most other 
vessels. The cells in the blood of the hepatic veins are poorer 
in fats and in salts, and especially in hsematine, or at least iron, 
but somewhat richer in extractive matters. Their specific 
gravity is higher than that of the cells of the portal veins, not- 
withstanding the diminished quantity of iron. The plasma of 
the blood of the hepatic veins is far denser than that of the blood 
of the portal veins, for it contains a much lai^er amount of solid 
constituents generally, although little or no fibrin is to be found 
in it. If we compare the solia constituents of the serum of both 
kinds of blood, we find less albumen and fat, and far less salts, 
in the blood of the hepatic veins, while the quantitv of extractive 
matter, including sugar, is perceptibW- augmented.'' (Carpenter). 

(Gulliver, G., Proceedings of the ZooUmcal Society, 1862, pp. 
91 — 103 ; Dr. Carpenter, Principles of Muman Physiology, 6th 
edition ; Watts, Victionary of Chemistry, art. Bhod; Natural 
History Review fcJr 1864, pp. 156—187.) 

BOGS [E. C. vol. L cols. 528—532]. These remarkable accu- 
mulations of vegetable matter are of various kinds, and have 
originated in various ways, as will be presently described. 
Their history throws much light upon a particular period of 
geological time when, as it would seem, a striking change took 
place in the climate of many parts of the world, whereoy the 
old forests were completely destroyed and their places occupied 
by marshes, lakes, and bogs. Their description also has its 
interest, since it enables us to understand what were probably 
the conditions which superinduced the formation of coal in the 
far-distant carboniferous epoch. So similar, indeed, are bogs or 
peat-beds to seams of coal, and so characteristic are peat bogs of 
the recent period of the geologists, that this period might be 
regarded as a second carboniferous epoch. 

reat, or the substance formed in bogs, is the product remaining 
after the slow decay of vegetable matter ; but as such matter 
will give rise to other products bv decay, it will be desirable to 
give a general outline of what becomes of dead plants under 
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certain conditions. Plants are mainly formed from a few ele- 
ments — ^namely, carbon, hydrogen, oxygen, nitrogen, sulphur, 
and phosphorus. These are obtained mr the most part from 
carbonic acid, water, ammonia, and sulphuretted hydrogen, and 
are built up into the compounds of the plants by processes 
which effect the gradual partial elimination of the water and 
oxygen. In addition to tnese there are other compounds, con- 
sisting principally of silica and alkaline salts. The former 
group of compounds are entirely volatilized under the influence 
of heat, while the latter remain behind to form the ash, and 
hence the parts of a plant are roughly distinguished into those 
which are volatile, and those which are fixed. And in the study 
of peat bogs it is convenient to classify plants into those which 
contain nitrogen, and those which do not contain that element. 
The former are readily distinguished by giving either a faint 
odour like burnt potatoes, or none at all, when heated ; while 
the latter emit the odour of burnt bones or featJiers when 
similarly treated; and if decomposed, the nitrogenous com- 
pounds stink like rotten eggs if sulphur originally entered into 
their composition, and like rotting fish if phosphorus was one of 
their ingredients. For our purpose, however, the principal dis- 
tinctive point is the presence or absence of nitrogen. When the 
plant dies it is converted more or less completely into gases and 
vapours, such as carbonic acid, water, ammonia, sulphuretted 
hydrogen, and phosphuretted hydrogen. The extent to which 
the conversion is carried depends partly upon external circum- 
stances, and partly upon tne original constitution and com- 
position of the plant. Under one set of circumstances, such as 
a dry air, warm temperature, and a composition rich in nitrogen, 
the plant is almost entirely volatilized, and leaves little to repre- 
sent it but the ashes or so-called inorganic parts ; whereas under 
the opposite set of conditions, such as immersion in water, a 
cool or cold temperature, and a composition free from nitrogen, 
a large proportion of the carbon, hydrogen, and oxygen remains 
behind m a foim which is stable under oidinary circumstances, 
and which has the inoi]ganic parts mixed with it. In the former case 
the resulting product is almost entirely free irom carbon, while 
in the latter it is highly carbonaceous. These two extremes are 
connected by intermediate gradations, which may contain from 
one to forty or fifty per cent, of carbon. Peat represents the most 
highly carbonaceous products. The compounds which are 
formed under these circumstances are too numerous to be even 
enumerated, but, according to Senft, the principal are hwmin, 
which is developed when the plant decomposes under the in- 
fluence of a free supply of air ; ulmin, which is formed when the 
supply of air is restricted ; and gein, which originates when the 
air IS excluded. These in their turn are readily converted into 
ulmic, humic, and geic adds, which unite with the alkalies to 
form numerous salts. By oxidation the humic and geic acids 
are developed into crenic and apocrenic acids, and these also 
form salts with the alkalies. 

The changes which the plants undeigo after death are gene- 
rally similar, and take place for the most part in the same order. 
During their period of ^wth they gradually accumulate a 
covering or lining on the inner side of the walls of their cells, 
and after a time this becomes so thick as to hinder the free 
transpiration of oxycen and aqueous vapour from the inside to 
the outside of the cell. At this stage the plant generally begins 
to decompose, the contents of the cell disappearmg first, next 
the cell membrane, and lastly the spiral fibres. The retention 
of the oxygen sets up a process of fermentation, especially in the 
nitrogenous compounds, and the products which are developed 
are ammonia, sulphuretted hydrogen, and phosphuretted ny- 
drogen. The ammonia in its turn acts as a ferment on the noti- 
nitrogenous compounds, such as the sugars and starches, which 
are converted into the various acids generally yielded by decay- 
ing vegetable matters. These acids unite with the ammonia. 
In course of time the cells become so distended with the pro- 
ducts of decomposition that their walls burst, and tJie various 
gaseous compounds escape. The circumstances under which 
further chemical chants are now carried on are quite different, 
and a larger proportion of the vegetable matter which stiu 
remains unaltered is converted into the humic and allied acids, 
and carbonic acid, while the soluble compounds are more 
readily dissolved and carried away. The final result is that the 
cells are almost entirely deprived of their contents, and have 
lost their ori^ally green colour. The next stage consists of 
the decomposition of the cell membrane, which proceeds more 
or less rapidly according as it is or is not combined with feebly 
soluble lime salts, silicates, and resinous matters, and according 
to the strength of the vegetable acid solutions in which it is 
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immerBed. Bj tlie evolution of oxygen, water, and carbonic 
acid, there results a mass which contains a lan;e proportion of 
carbon, a little hydrogen, and a little oxygen, which is generally 
a yellow brown imnin, but this is frequently afterwards converted 
by oxidation into the light brown humin. At this stage the 
Testable matter is mainly a mixture of ulmin, humin, and 
spiral fibres. The last stage is much assisted by thfi combined 
action of frost and moisture. The frost breaks up the fibres 
and the blade mould-like substance greedily absorbs water and 
becomes so water-log»ed as to sink to the boUom of the pool in 
which it may be. Here it is subjected to pressure, undergoes 
a slow carbonization, becomes permeated with bituminous and 
resinous substances, and ultimately becomes what is known as 
peat. The rate at which the process proceeds, and the character 
of the resulting'products, are more or less modified by the cha- 
racter of the original plant mass. The character of the season 
also has an important modifying influence : for humus results 
when the summers are hot, dry, and long, and the winters yield 
but little snow and frost; while peat thrives best when the 
summers are moist and the winters are severe, that is, those in 
which frosts and snowstorms are prevalent The extent to 
which the nound is wooded also has an influence, for peat vnll 
flourish imder the shades or amidst the damp airs of forests, 
whereas if those forests were destroyed it would grow less 
rapidly, or perhaps even cease to grow at alL Senft recognizes 
ten dmerent kinds of peat, five of which he groups together 
imder the appellation of felty peat (FilzUnf), in whicn the vege^ 
table fibres are still distinguiuiable ; while five are grouped toge- 
ther under the term peat proper, or peat-coal (Torfkohle), 
Minute descriptions and analyses are given of all these in the 
work cit4^ below. Indeed Senffs hut)ours are an invaluable 
assistance in all matters connected with Ix^ and peat 

Observers have recognized several diflerent kinos of peat bogs, 
dependent on variations in locality, altitude, humidity, &c. ; mit 
these may be conveniently classed in two groups, viz., those 
which grow on moist ^ound, generally in elevated positions ; 
and th£^ whidi form m lakes or large bodies of stiD, but not 
stagnant, waters. These groups are generally recognized by 
wnters, but each author has his own names for them. Lesque- 
reux calls them immersed and emerged bogs. The immersed 
bogs are generally met with in the lowlands, wherever the tem- 
perature is sufficientiy cool, and where the water collects in 
shallow depresdons. In the pools and lakes various species of 
EqyMetum. Carex, and Aruaido flourish, form a dense vege- 
tative growth round their margins, and on decaying form a layer 
of peat Peat, however, is only formed so long as the water is 
clear and still ; and if a sudden inimdation occur, givincj rise to 
strong currents, together with deposits of sand and day, the 
process is stopped until tranquillity is restored. Hence peat does 
not occur in flowing rivers, and when it originates m river 
bottoms it is due to the river having become so low as to consist of 
a series of pools connected by small rivulets of water. Peat, more- 
over, iB only met with on aoik which aie impenneable to water. 
From these causes the peat bogs appear to be somewhat indis- 
oriminately distributed. For of two contiflnious river valleys 
one mav contain peat bogs and the other oe free from them, 
althoucn the dimate may be apparentiy identical Thus, for 
example, peat occurs in tne valley of the Somme, which flows 
over an argillaceous bottom, and is sddom flooded to any very 
great extent, while this substance is absent from the valley oi 
the Seine, in which the river flows over a sandy bottom. 
Tliere are a few instances in which peat has been formed on 
sand, but such cases have proved to be exceptions in appear- 
ance only, for the sand has been a thin layer only, and has oeen 
immediately underlain by clay^ A large proportion of the peat 
of En^lan(( Ireland, North France, Noith Germany, and the 
countnes which surround the Baltic, originated in immersed 
bogs. The Irish bof;s are described by Mr. Moore as red, brown, 
black, and mountam bogs, but the great proportion of them 
belongs to what he calls the red bogs. The colour is due to the 
abuncutnce of oxides of iron, a featiure whidi may be regarded as 
accidental and of minor importance. They have, probably, been 
formed in extensive sheets of water in the midst ol forests. Their 
central portions are almost entirely composed of the remains of 
such plants as Narthecivm ostifivjgium, EteochoHs ecBtjntoaa, Carex 
atellutata, Schanua nigricarUy jErica Utraldx, and Myrica QaU, In 
the interspaces left by these, such genera as Spfiagnwm, &c., flou- 
rish, while the higher and drier tuns are occupied by Menyanthes 
trifoliataf Comarum pcthutre, and Eriophorum angustifolivm. 
Sphagnum forms the great bulk of the bog ; but Mr. Moore says 
its growth is favou^ by the presence of the other plants. 



A general feature of this class of bogs is the absence or rarity 
of the remains of trees. 

The emerged or mountain bogs do not grow in water, but in 
moist places, and sometimes even on the slopes of hilLi. The 
peat forming them is strongly absorbent of moisture, so that 
they are frequentiy underlain by a thin sheet of water, whidi, 
on the occurrence of heavy showers of rain, i& so increased in 
bulk that the bogs burst and flow to lower levels. This kind of 
peat frequently contains buried trees, the spedes of which vary 
at diffierent levels^ although not idways in the same order in 
contiguous countnes. The genus Sphagnum also enters largely 
into this description of bo^, but in some places this genus is 
replaced by others. Thus m Ireland, according to Mr. Moore, 
the more elevated mountain bogs are chiefly formed by the grey 
moss Thacomitrum lanuginosumy while SphagnwM are rare. And 
Darwin long ago noticed that the peat of the Falkland Islands 
and other parts of South America is mainly composed of AsUUa 
pumilum and Dcnatia magdlaniea. The flora of the bogs of 
Europe is composed of spedes belonging to widely separated 
families. There are upwards of 50 species of non-flowering or 
ciyptogamous plants, amongst which are 35 spedes of mosses, 
whue there are also representatives of the HepaUcm, Ckmfwvc^ 
ferns, and horse tails. The monocotyledons are 36 in number, 
and the dicotyledons 21 ; but none of the last forms any large 
proportion of the peat The general character of the flora is 
the same in Europe, Asia, and .^erica. There are a few spedes 
in the north of Europe which are rare or absent in the bogs of 
the south. The FalmeUa 9^uarrota is rare in the bogs of the 
Jura mountains, but plentiful in districts farther north. A 
similar remark especially applies to Splachnwn, The Erica 
vulgaris of the Jura bogs is represented bv E, teiralix in more 
northern bogs ; while Arbutus uva-wrsi and Empetrum nigrum, 
which are bog plants in the north, have only been met with in 
the Jura mountains at elevations above that at which peat will 
grow. The floras of the bogs of Europe and North America are 
generally similar: and inde^ a large proportion of the spedes 
are identicaL Tliis will be seen from the following list given hj 
Leo Lesquereux, in which the spedes common to both continents 
are marked with a star. In North America the peat ia mainly 
formed by : — 

Sphagnum oymbifolium. £hr. 

S. squariofum. W. & M, 

8. reourvnm. £hr. 

8. coBpidatum. £hr. 

S. oompsctum. Bred. 

8. oontortum. Schults. 

Dioranium Sohradeii. W. & K. 

D. palustra. Br. & Sch. 

Heesia longiieta. Hed. 

H. tristicha. Br. & Sch. 

Aulaooomium palustre. 

Hypnum trifanum. 

H. stramineum. Diok. 

H. nitenB. Hedw. 

H. oordifolium. Hedw. 

H. stellatum. S. 

H. fluitana. 8. 

H. adunoum. 8. 

H. Boorpioidaa. 8. 

H. paludorum. F. 

Of these all but the last abound in European bogs. The 
following species grow in the bogs of both continents^ but do 
not contribute materially to the formation of peat 

* Splachnum ampullaceum. 8. 

* Polytrichum graclle. 

« Dicranium oerviculatum. Hed. 

* Hypnum ouspidatum. 8. 

* H. pratenae. Kooh. 
« H. nlidnum. 8. 

The ferns found in the American marshes indude :«- 

Woodwardia Virgixiica. Willd. 

* DryopterU thelypteris. Adans. 
D. noToboiacenais. Adana. 

* D. criatata. Adana. 
Osmunda apectabiUa. Willd. 
0. Claytomana. 6. 

0. dnnamomea. S. 

* Ophiogloflaom yulgatam. 8. 

* Lyoopodium inundatum. 8. 

* L. dayatum. 
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The grasses found in the American marshes are : — 

Kartheciilm Americanum. 

Juncus effusus. L. 

J. mAiitimus. L. 

J. acuminatus. Mich. 

J. molitarifl. Bigel. 

J. stygiuf . L. 

J. bufonius. L. 

Xiris bulboflus. Eunth. 

£leocl)aria paluttris. B. Brown. 

Soirpiit cfBspitocuB. L. 

S. pungena. Yahl. 

S. Torreyl. OUi. 

8. lacusms. L. 

Eriophomm alpinum. L. 

£. Yaginatam. L. 

£. gradle. Koch. 

Bhynchoaporon alba. Yahl. 

B. capillacea. Torrey. 
Cladium mariB-oordia. Torrey. 
Carez dioica. L. 
0. pauciflora. Light. 

C. polytrichoidea. Muhl. 
C. teretiuscula. Good. 
G. paniculata. L. 
C. chordorhisa. £hrh. 
C. gracilifl. £hrh. 
C. trispina. Ber. 
C. ateUulata. Good* 
C. limoaa. S. 
G. irregula. Smith. 
C. Buxbaumii. Wahl. 
C. filiformis. L. 

C. lanuginosa. Mioh. 
C. folliculata. L. 
Leersia oryxoidea. Smith. 
L. yirginica. Willd. 
Glyceria Canadensis. Trim. 
G. nenrata. Trim. 
G. aqnatica. Smith. 

* G. fluitans. B. Broim. 

* Phregmitea communis. Trim. 

Theie may also be found in the American marshes and bogs : — 

* Typha latifoUa. 

* T. angustifolia. 

* Abiea alba nuchie. 
Larix Americana. Mich. 
Taxodium dirtichum. 
Nymphsea odorata. 

* Kuphar lutea. Smith. 
Sarraoenia purpurea. S. 

* Viola paluatris. 8. 

* Droaera rotundifolia. S. 

* D. longifolia. S. 

* Pamassia palustris. S. 
Sanguisorba Ganadensis. S. 

* Comarum palustre. S. 

* Yaocinium oxyooccoa. S. 
Y. maoioearpum. 

* Gbirogema hispidula. Torr. 

* Andromeda pofifoUa. S. 

* Yeronica scutellata. 8. 

* Scutellaria galerioulata. 8. 

* Calla paluatris. 

* Scheoohzeria palastris^ 8. 

The greatest difference is presented by the orchids, of which 
70 per cent, only are common to the two continents. 

The peat bogs are mainly developed in the temperate and 
subtemperate zones ; and their abundance and rate ot growth is 
chiefly regulated by the temperature and himiidity. If two 
places have the same mean annual temperature, that which has 
the moister climate will be the more favourable locality. Peat 
bogs are almost imknown to the south of the 45th aepxe of 
north latitude in Europe, and in the more southern locahties, as 
in the Pyrenees and central France, and many parts of Germany, 
they are most abundant at considerable elevations. But they 
disappear at a certain height, which in the Alps is about 6000 
or 7000 feet. In the southern hemisphere the limit is in a 
corresponding latitude, peat being unknown, or at any rate verv 
rare, to the north of 46° S. lat Peat bogs are absent in both 
the arctic and antarctic circles. According to Les^uereux, the 
most favourable temperature for the immereed bocs is where the 
mean of the year is between 43** and 46** F., which is said to be 
the temperature of the places where peat is most abundant, such 
as Ireland and the high Jura valleys in the northern hemis- 
phere, and the Falkland Islands in the southern hemisphere. 
The emerged bogs flourish best where the mean annual tempera- 
ture varies firom 40® to 46^, and are of rare occurrence where the 



mean is as hi^h as 50^ The mountains and valleys of Ireland, 
the chains ot central Europe, the Cevennes, the Vosges, the 
Jura, the Black Forest, the Hartz, and the Alps, are the prin- 
cipal European localities for this kind of bc^. We believe, 
however, the mean temperature most favourable for peat bogs is 
somewhat lower than stated by Lesquereux, for although the 
localities mentioned may now have the temperatures named, and 
may have the greatest thickness of peat, yet there are reasons 
for believing that the growth of peat is much slower now than 
formerly, and that in some places it has almost, if not quite, 
ceased, even in places as far north as the 63rd or 64th degree of 
north latitude. The change, however, seems to have been more 
dependent upon the general humidity than upon the tempera- 
ture. But not only has the peat ceasea growth in many parts of 
its more southern extension, but^ as will be presently shown, it is 
actually decaying away. Moreover, there can be very little 
doubt in the case of emeiged bogs, that there were times when 
a large proportion of the peat was forming far more rapidly than 
it does now. This question as to how fast peat grows has 
acquired considerable importance since it has been made the 
basis of calculations as to the antiquity of prehistoric relics. 
Under Man, E. C. S., a case is cited in which 36,000 years is 
the time allowed for the growth of 30 feet of peat in the valley 
of the Sonmie. The calculation is based upon the assumption 
that the peat of that valley has been crowing as fast since the 
time of tne Romans as it did before. We do not assert that the 
assumption is false, but we have seen no proof that it is con- 
sistent with truth, and there are circumstances which indicate 
that we ought to pause before making it the basis of any impor- 
tant conclusions. This caution is the more especially necessary 
since there are strong noimds for believing that the reign oi 
peat in Western Europe nas long been on the wane, and that the 
present rate of the growth of peat does not represent its average 
rate in past times. The truth seems to be that the Somme p^ 
is now scarcely growing at all ; that there are localities wnere 
peat is now growing much faster; and that in former times its 
growth was more rapid than now. But, after all, the rate of 
growth depends so much upon circumstances which are ever 
varying, that no conclusions should be accepted if based upon 
rigid calculations, unless they harmonize with what is known 
from other sources. The lacustrine peat probably grows more 
slowly on the average than mountain peat, while its rate will be 
less influenced bv variations in the humicQty of the atmosphere. 
Lesquereux thinks the peat during the first part of its existence 
rarely grew less than 26 inches in a century, and that it may 
have at times attained a rate of 60 inches in the same space of 
time. The peat of the Somme, according to the same autnority, 
probably grew at the rate of 11 feet in a century, or nearly an 
m6h and a half in a year. The peat of the Swiss bogs grows at 
the rate of two inches per year, out this is afterwaras reduced 
to one inch by compression. That even the greatest of these 
rates is not exceptional or beyond the bounds of probability is 
shown by the observations oi otherpersons. De Luc says he 
saw peat grow 6 feet in 30 years ; Hoffman reports an increase 
of 8 feet in 60 years ; and omer illustrations of the same Idnd 
might be cited ; but in most of them the observations are made 
upon the rate at which holes in peat have been filled up, which, 
however, is not the same thing as the natural upward growth of 
a bog ; and hence these observations are not to be rened upon 
except in showing how fast holes may be filled up. But we are 
not entirely without some means of forming a rough estimate of 
the rate of growth of the earlier layers or bands of peat As 
has been already stated they contain trunks of trees. Some of 
them are three or four feet in diameter. If a trunk of this size is 
now exposed on the ground, it will rot away after the lapse of a 
certain number of years, depending upon the kind ol wood. 
Under ordinary circumstances this process would occupy from 
twenty to forty years, assuming of course it simply decayed 
away. If it was attacked by larvae it would crumble down 
in perhaps four or five years. If the peat bog period was, 
as we believe, a period of great moisture, this would in some 
circumstances have retarded the decay of the trunk, and at 
the same time hastened the growth of the peat. Are any 
illustrations on record to show whether moaem peat bogs 
are able to bury trunks, and if so, the time they have taken 
to do it? Two illustrations, but not very apt ones, occur 
to us. When the wood of Drumlanrig was overturned in 
1766, the trees were left on the ground. No peat moss was 
formed, but the trees rotted awav into a vegetable mould. 
In the Swiss bogs, however, small trunks which have fallen 
on the surface of the peat are buried in about three years. 

l2 
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There are thousands of trees in the old bogs, and they present 
all stages of decay. Many of them have lost their upper third 
or upper half, showing that decay had attacked the wood before 
the peat could cover it ; but there are also many instances of 
logs which present but few signs of decay. Here we are 
idluding more particularly to mountain or emerged bogs, 
since sound logs form a large proportion of tne whole 
number found in lacustrine bogs ; a circumstance due to their 
immersion in water retarding their decay. In Porlock Bay 
there are examples of trunks embedded in peat, which trunks 
originally fell on a firm surface, and were probably freely 
exposed to the air. These facts show that three or four 
feet of peat may accumulate before a tree has had time to 
decay. If we assign fifty years as the time required for such 
decay, and probably it was very much less, then it would seem 
the peat may have grown at the rate of 8 feet per century when 
in its most flourishing condition. The peat of the Somme 
valley contains tree trunks, but surely they would not have 
remamed undecayed for thousands of years, a supposition which 
is required if Boucher de Perthes' estimate of 1 inch per century is 
to be accepted ? Lesquereux's estimate of 1 1 feet per century seems 
to be more in accordance with truth. But it may be asked why 
should Boucher de Perthes' estimate be refused if the number 
of inches of growth of the peat since the time of the Romans, 
when divided by the number of years which have elapsed, 
indicates a rate of 1 inch per century ? The reply has already 
been given in part. But it may be further added, that it has to 
be ascertained whether the climate was the same then as now. 
If it was colder, or moister, or if the country was more woody, 
the growth of the peat would have been accelerated. That 
North France may have been both colder and moister is 
rendered not improbable by what we know of Scotland and the 
general climatal changes which have occurred since the later 
part of the post-pliocene period ; and we know that the country 
was formerly better wooded. The following remarks on the 
peat mosses of Scotland are mostly stated on the authority of 
Mr. Geikie, and they may be taken as applicable to the 
peat mosses of other coimtnes. As is well known, Scotland is 
almost devoid of any natural forests ; and it is also known that 
many of those which are described in the ancient records have 
since disappeared. The peat mosses of the higher grounds are 
almost imiversally situated on the sites of ancient forests, as 
is shown by the stools of the trees remaining in situ. The 
trees include such species as the oak, pine^ birch, alder, hazel, 
willow, ash, juniper, and others. Not only do they occur where 
trees of the same kind micht still grow, but some of the species, 
such as the pine, occur at elevations considerably above the neiglit 
to which they now attain ; while others, such as the oak, grew 
on places which are now beneath ^the sea-leveL These oaks 
were as large as the finest specimens in existence, whereas at the 
present time the oak will scarcely grow near the sea-shore, and 
if individuals do obtain a footing, they are stunted in growth. 
The old woods evidently extended to greater altitudes than trees 
of any size will grow now, and they flourished over a wider 
superficial area than the present limits of Scotland. The old 
oaks certainly did not grow in the sea, so that the land must 
have been sufficiently elevated to raise the sites of the sub- 
marine forests above the level of the sea. But a still further 
elevation seems required, since it is only at some distance from 
the sea that oaks will attoin their largest dimensions. When we 
examine the abundant evidence of forests having formerly over- 
grown the length and breadth of the land, and even a portion of 
what is now the sea-bottom, in the period inmiediately prior to 
the general growth of peat, and compare it with the present con- 
dition of thmgs, one can hardly realise the immense difference. 
As Geikie remarks, " the Hebrides once had their groves of oak 
and pine ; the bleak Orcades and sterile Zetland once afforded 
them a genial soil ; the bare flats of Caithness, the storm-swept 
valleys of the Western Islands, the desolate moory tracts of 
Perthshire and the north-eastern tracts, the peaty uplands of 
Peebleshire and the borders, and the wilds of Carrick and 
Gklloway, have each their relics of by-gone forests." The 
former extension of the forests over the present sea-bottom is 
not special to Scotland, but it is a general feature of North- 
western Europe. All round the EngUsh, Welsh, Irish, French, 
and German shores there are innumerable examples of sub- 
marine forest beds, and the great maiority of them lie beneath 
a covering of peat So constant is this connection between the 
destroyed forests and the subsequent growth of peat that the 
mind immediately infers some intimate relation between the 
two phenomena. Some persons have said that the foiling of 



the trees has interfered with the drainage, and thereby superin- 
duced the growth of the peat. Admitting that a few fallen 
trees will intercept the drainage sufficiently to bring about the 
conditions favourable for the growth of the peat, this will only 
explain a very small portion of the phenomena. For, under 
such circumstances, we should expect tne defect in one part of 
the forest would again be covered with trees before any large 
portion of the forest had disappeared ; but in the case of 
Scotland it would seem the forest was almost totally destroyed 
and was never renewed. The Romans are known to hiave 
destroyed some of the forests which are now covered with peat ; 
but the Romans could not have destroyed the forests of whole 
kingdoms ; and, moreover, it is certain that the general destruc- 
tion of the forests took place before the advent of the Romans. 
Other persons have suggested that the treeu were killed by the 
peat ; but there is no£ing in the nature of peat innocuous to 
trees, and under favourable circumstances trees will grow on 
peat as well as other soils. Other persons again have suggested 
that the main i^nt which has prod!uced the change has been an 
alteration of climate, which was unsuited to the growth of large 
trees, but highly favourable for that of peat. This last^ we are 
inclined to believe, is the true explanation. The before- 
mentioned agents were subsidiary, but quite unable, either 
singly or combined, to produce the wholesale destruction of 
which we have the evidence. Geikie is one of the authors who 
attribute the destruction of forests, and the occupation of their 
sites by peat bogs, to change of climate. From the facts and. 
arguments which he adduces, it would seem that after the depo- 
sition of the glacial marine beds, the British Isles were united 
with the Continent ; that during this period the pine and the oak 
flourished ; that, in consequence of the insulation of Great 
Britain, the weather became warmer, and the glaciers disap- 
peared, giving rise to great lakes and swamps ; that, during this 
moist period the peat plants attained their maximum develop- 
ment, but owing to the great increase in the warmth and siccity 
of the air, their growth oegan to wane, while the trees have not 
had the opportimity of regaining their ancient territory. Hie 
geological period when this moist epoch prevailed maybe gathered 
from Fost-Pliocbnb^ E. C. S. At the bottom of many of the 
peat mosses is a thin layer of a friable brownish substance, 
which is evidently the humus or mould which was formed 
from the decay of the leaves, twigs, and trunks of the trees of 
the old forests before the peat penod. This fact is interesting, 
as showing that the forests flourished for a long time, and 
formed simply vegetable mould by their dec^, wnich mould 
has been preserved by the overlying peat One of the facts 
appealed to in support of the trees having been killed by tiie 
peat is that the stools are in many localities broken oflf at the 
same height although those in other localities are of unequal 
heights. There is nothing to show that the peat plants and not 
the prevailing moisture and cold killed the trees. The trees 
would begin to suffer from the climate as soon as the bog-plants 
began to flourish ; the moist state of the ground, which favoured 
the plants, would be injurious to the trees ; the peat would 
grow pretty uniformly over a limited area, and while this 
growth was proceeding the upper parts of the tree would be 
gradually decaying and rotting. The peat would preserve that 
part of the tree wnich it enveloped, and hence when a violent 
gale of wind arose, most of the trees would snap off at the 
junction of the sound and decayed parts. If the trees were 
unequal in size, the largest would for the most part resist decay 
longest, and as the peat continued growing, it would creep 
farther up, and preserve a longer stool. Sometimes the decay 
has been slow, and the peat has grown so fast that whole trees have 
been buried erect in peat Thus in the moss of Curragh, Isle of 
Man, there are trees standing upright with 20 feet of peat 
above them. Trees have been foimd imder similar circum- 
stances in some of the deepest of the continental mosses. 

Geikie*s remarks on the proofs of the cessation of peat growth 
in the drier parts of Scotland are so interesting and important 
that we venture to give a pretty full abstract of them, in many 
places using his own words. A glance at the aspect ot the 
Scotch peat mosses will convince any geologist that this forma- 
tion has not only ceased to spread, but is in most cases rapidly 
disappearing. The moisture which in former times affor^^ it 
nourishment and support has now become its chief enemy. 
Every shower of rain, every frost, gives fresh impetus to the 
decay ; and leaving altogether out of account the operations of 
agii culture, we can yet have no doubt that natural causes alone 
would in time suffice to strip the last vestige of black peat &om 
hill and valley. These remarks might be iSttttrated by examples 
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drawn from any peaty district of Scotland did space pennit, but 
a general description of the appearance presented bjr dead peat is 
all that can be attempted. The surface of peat which has ceased 
to grow is usually covered with short scrubby heath and rusty 
grasses, but frequently in so sparse a manner that every here and 
there the black peaty mould peers through. Najr, in many cases, 
the decomposing mass lies exposed and bare, with not a tuft of 
heath or blade oi grass to be seen. Peat mosses of this description 
are not confined to any particular locality or situation. They occur 
generally throughout the country, and may be found on hill 
tops, on hill sides, and in valleys. The peat of a hill top usually 
shows a most rugged and wasted aspect (In a footnote it is 
stated that few regions show better proofs of the decay of hill 
peat than the Moorfoots and Peeblesshire hills. The summits of 
the Moorfoots may be described as a wide platform, or tableland, 
out of which valleys have been scooped by rivulets and streams. 
Standing on the shoulders of one of the hills of the Leithen 
water, we see stretching out before us what appears to be a 
widespread and undulating peaty plain. To the wanderer across 
those hill tops, the deception is often for some time complete, 
till of a sudden he finds nimself on the bank of a green gitissy 
bank, which slopes steeply down to a brawling stream, and again 
rises to a corresponding height on the opposite side. The peat 
stopping thus abruptly where the grouna begins to descend, has 
the appearance from below of a black wall running continuously 
along the brow of the hill. This is especially conspicuous in the 
^dley of the Leithen and its tributaries, ana also at the head of 
the Luggate, the Heriot, and Qladhouse waters. The higher 
crounds of the border counties also show peat in every stace of 
decay. The same appearances characterise the flat-topped hills 
of Carrick, which overlook the broad undulating moors of 
Wi^n and Kirkcudbright.) Innumerable winding gutters of 
various breadths intersect it in all directions. These widen as 
they approach the circumference of the peat towards the brow 
of the hill, where, at the outlets, they are often yards across. 
When the hill slopes have retained any of their peaty covering, 
it is usually still more cut than that on the hul top. These 
natural channels or drains are due to the wasting action of run- 
ning water, assisted by winter's frosts. The peat is dead, and, 
like the upraised coral reefe of the South Seas, wears rapidly away 
at the touch of the atmospheric agents. Year by year the little 
channels are eating their way back into the heart of the peat, 
and the process of destruction has often been carried so fieur as to 
have left merely a few irregular-shaped segments of peat scat- 
tered here and there over the top of the hilL The peat of the 
lower grounds attains a much greater depth, and has less of a 
denuded and wasted aspect than that of the hilly region. In 
many spots, indeed, Spha^um and other peat-forming mosses 
seem to thrive well. But wherever the slope of the ground 
suffices to create a drainage the peat crumoles away. Even 
where the peat occupies a nollow or plain where the drainage 
must be weak, the decay of the moss has often been observed 
making rapid progress. There are, perhaps, but few bogs in 
Scotland which do not exhibit what are known as moss hags^ or 
holes usually filled either with soft black mud or dry peaty 
mould. These moss hags are the result of denudation, and in- 
crease in width by the gradual mouldering away of the sur- 
roimding peat. Sometimes a system of natural drams or gutters 
connects tne different holes, but many of these show no apparent 
outlet, and the water collected in them escapes by slowly work- 
ing through tiie moss, or by creeping outwaras between the peat 
and the soil. 

The peat mosses of Scotland are, then, only a wreck of what 
they have once been. The outgrowth of peat has ceased to be 
general Here and there mosses continue to increase in suffi- 
cient abundance to form that substance, but this increase, such 
as it is, is far exceeded by the general decay. The peaty cover- 
ing is almost everywhere full of holes and winding channels, a 
sure sign that tJie bogs have failed in the combat against the de- 
nuding powers of rain and frost Their upper surface is no longer 
overspread with Bphagnum — a hard crust of heaths and grasses 
caps them instead. All this points to a decrease in the humidity 
of our climate. This decrease must have been very gradual. 
Year by year its influence would operate on those districts which 
have the smallest rainfall, and would be felt latest in those where 
the rainfall is greatest. Hence the largest display of peat is now 
on the west and south-west borders of Scotland, on the moistcr 
hill tops, and in the deepest valleys. The same may be said of 
England ; while Ireland, which is well supplied with the Atlantic 
rain, still has a good show of growing peat The Scotch mosses 
formerly covered a much wider area than they do now ; and in 



both the east and west large mosses have disappeared or are fast 
disappearing. The peat on the top of the Lammermuire, Moor- 
foots, the Peeblesshire hills, and other hilly districts in the same 
region, is evidently the remains of a broaa peaty mantle, which 
at one time stretched down many of the hill sides, and was con- 
tinuous with the mosses of lower levels. Segments of the old 
covering may still be seen lying on some hiU sides, and looking 
as if they had broken off and slipped down from the wasting cap 
of peat on the tops of the hills. The river deposits of the same 
region show alternations of sand and clay, with peaty matter 
borne dow^n from the hills into lower positions. In the peaty 
covering of hills the least ragged parts are on the sides jfacing 
the rainy winds. Thus in some cases the peat on the southern 
slopes is thick and continuous, while that on the north is scored 
and seamed with runnels. Drainage may have had some influ- 
ence in promoting the diminution in the humidity of the atmo- 
sphere, but not much. The peat began to moulaer away before 
the general adoption of drainage operations. The peat of sou- 
thern countries is more consumed than that farther north, show- 
ing that probably the decay began in the south before it com- 
menced in the north. 

Before bringing this article to a close a few words must be 
said as to the similarity between peat bogs and coal beds. Both 
are, speaking generally, formed from vegetable matter which 
has grown on the spot In both an impermeable flooring is an 
important accompaniment ; the under clay of the coal beds 
bemg as constant as the argillaceous bottom of peat bogs. Both 
peat and coal are formed by a similar process, or at any rate, 
both represent a similar result, which is the concentration of 
the carbon of the vegetable matter caused by the partial with- 
drawal of the more volatile elements, hydrogen, oxygen, &c. 
Some peat from the bottom of the deepest layers presents 
a very near approach to coal in colour, lustre, and fracture. 
The plants in both have the same general character, that is, 
they are such as grow in damp localities or in water. In 
peat there are flattened tree trunks ; and in coal there is fre- 
quently to be seen a thin streak of vascular matter extending 
for several feet, which appears to represent what was at one time 
the trunk of a tree. The alternation of coal with sand and claj^, 
whether marine or fresh water, may be pamlleled by alternations 
of peat with similar clays and sands ; and even most of the 
stratigraphical peculiarities of the coal measures, such as the 
wedging out of sand, the coming together of two separate bands 
of carbonaceous matter, horses, &c., have their modem anal- 
ogies, or as we believe homologies, in recent peat-bogs. The 
Down Holland moss described by Mr. Binney affords one illus- 
tration of the resemblance to wnich we have alluded. This 
moss is situated near Ormskirk, and is not far distant from the 
sea margin of Lancashire. It rests on the new red sandstone, 
at the upper or east end of the moss ; the peat is of the ordinary 
black kmd, shows but slight indication of vegetable structure, 
and is from two to three feet thick. It is supported by a layer 
of white sand, which in its turn rests on a blue or brown clay. 
Trunks of oaks, pines, and ^villows, lie prostrate in the peat near 
their stools, whose roots grow into the sand and clay. In pro- 
ceeding northwards and westwards the peat gradually thickens 
as far as a small brook at the junction of the Barton and Flean 
brooks, where the peat is much saturated with petroleum ; and 
farther towards the west it disappears under a covering of blown 
sand. The moss is in most places below the level of high- 
water mark at Formby. A boring near the most western ac- 
cessible portion yielded the following data, the upper beds being 
placed first : — 



1. Black decomposed peat with scarcely any 

structure ; the lowest part hard, and of 
a pitchy nature 

2. Black peat, very moist, full ofpetroleum, 

and showing few traces of^ vegetable 
substance, except in the lower parts . 

3. Soft blue silty clay .... 

4. Dry mouldy peat ; lower part reedy . . 

5. Blue silty clay 

6. Blue sandy clay 



Sin. 



3 ft 10 in. 

3 ft 6 in. 

4 ft 

6 in. 
3 ft 6 in. 



The upper peat increased towards the west and north-west, 
while the silty clay gradually thinned and disappeared towards 
the north and east The clay was deposited by the sea that 
formerly flowed from the south near the bed of the present Alt, 
over Formby, Altcar. and part of Down Holland. 1^ the shift- 
ing of the sands and the changes in the channel of the Alt^ a 
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Baud bank was raised whicli shut out the sea from the lowlands 
near Formby, and stopped the drainage of the Barton and Flean 
brooks. Aner a time other changes took place which allowed of 
the temporary ingress of the sea whereby the silty clay was 
deposited. Again the sand bank shut out the sea, and aided in 
bnnging about the conditions favourable for the upward growth 
of the peat Phenomena such as these enable us to realize how 
it may have happened that marine animals, such as Microconchtu 
gpirorbisy a serpuloid annelid, attached its testaceous covering to 
tne outside of fresh- water plants or terrestrial trees, as not unire- 
quently happened in carboniferous times. 

(Senft, the Humua- Marsch- Tarf- und Limonilhildungen als 
Erzeugungsmittel neuer Erdrindelager, 1862; Geikie, J., Trans' 
actions of the Jtoyal Society of Edirdmrgh^ xxiv., p. 363 ; Les- 
quereux, Leo, ATnerican Journal of Science, Second Series, xxviiL 
p. 22 ; Moore, D., British Association Heports for 1857 (Notices), 
p. 97 : D'Archiac, A,, Paleontologie Stratigraphique, 1*"* Ann^e, 
2* Partie, 1864, p. 388.) 

BOMBYCID^ [E. C. vol. i. cols. 556—558]. A Lepidopterous 
family, the limits of which have been reduced to far less pro- 
portions than is implied in E. C, and still it is remarkably rich 
m generic and specific forms. The genera may be enumerated bjr 
hundreds, a statement which at once shows how difficult it 
would be to give an outline of the many discoveries which have 
recently been made in the group. The greatest general interest 
attaches to the connection of tnese silk-producing moths with 
the silk industry of the world generally, out more especially of 
Europe, since the common silk-worm, Bombyx mori, has been so 
decimated of late years that at one time it was feared the breed 
would be exterminated. The threatened destruction of the silk- 
trade has drawn the attention and efforts of many as to the best 
way of meeting the difficulty, and these efforts have taken dif- 
ferent channels, all aiming at the common good. Some have 
studied the diseases with a view of stamping them out ; others 
have studied the laws of heredity with a view to generating 
a healthier bi'eed ; others have sought to utilize the larvae 
already employed in extra-European countries ; and some have 
even proposed to rear spiders in colonies and make dresses out 
of their silken webs. Ine sUk-worm vnoth has long been held to 
mean Bombyx mori: but not only is it known that manv species 
were formerly confounded under this term, but also that lai^e 
quantities of silk have been obtained from other species. In 
Asia alone there are upwards of 40 species of silk-producing 
Bomhyddcef on the more important of which we may make a few 
remarks. Bombyx mori, Linn., inhabits China, Cashmere and 
Bengal, and produces the largest cocoon, and the best silk; it yields 
one crop every year. B. sinensis, Hutton, yields several monthly 
crops ol cocoons, and is an inhabitant of China. B. Oroesi, Hut- 
ton, the Madrassee of Bengal, yields nine monthly crops ol beau- 
tifii golden-yellow silk, but of late years the cocoons have 
degenerated in quality. B, fortunatus, Hutton, is cultivated 
under the name of Dessee in Bengal. B, arracanensis, Hutton, 
is cultivated in Arracan. B, textor, Hutton, an inhabitant of 
China like most of the species already named, is cultivated in 
Italy and France, the silk yielded by it bein^ of a beautiful 
white colour. In Bengal it produces an inferior silk, but the 
caterpillars are there used by the natives as an article of food. 
B. religiose. Heifer, occurs wild in Assam, and feeds on the 
sacred peepul tree ^Fieus religiosa), and yields a silk which is 
said to DC as good if not better than that of B, mori, Attacus 
AUas, Linn., inhabits the district from China to Ceylon, and 
produces a strong grey silk ; it is believed that the Tusseh cloth 
18 made from this silk. Attacas Cynthia, a species which ranges 
throughout lane areas of China and India, is now well known 
as, perhaps, a fikely substitute for the common silk-worm in 
Europe. It feeds on the Ailcmthtu glandulosa, and hence the art 
of rearing these larviB has been called * Ailanthiculture.' In 
China it has been cultivated for centuries, and has supplied 
fabrics to millions of people ; and it is not improbable it may be 
an important source of the future supply of European silk. It 
was introduced into France in 1859, ana has been successfully 
reared in the open air. Antherasa Assama, Heifer, occurs in 
Assam^ Silhet, Ceylon. It is extensively cultivated in Assam, 
and yields a large proportion of the silk which is exported 
from that district. Anthercea 'pi/phia, Linn., is the source of the 
Tusseh silk of Bengal, which is universally used bv the natives 
of India, and large quantities are sent to Englano. ArUhercsa 
yamormai feeds on the oaks of Japan, and is one of the most 
successful of the species whose introduction into Europe is being 
attempted. 

Amongst the schemes to which we have vaguely referred few 



are of more importance than Captain Hutton's plan of restoring 
the larvae to their original healthy condition ; since this plan is 
a practical application of rules, which, if sound, will be useful in 
the case of any diseased or degenerated breed of animals or 
plants. Captain Hutton attributes the debilitated constitution to 
the effects of a domestication for 4000 years, and to the neglect by 
breeders to reinvigorate the stock by an occasional introduction 
of the wild caterpillars. He contends that the paleness of the 
colour of the domestic silkworm, which is seldom darker than 
an ashy white, indicates a weakness of constitution, and that the 
exceptional dark individuals which are seen now and then 
represent the original colour of the domestic breed, and the true 
colour, or an approach to it, of the larvss in their native state. 
He insists that it is useless to import fresh eggs (or seed as they 
are usually called) from extrarEuropean countries, since disease 
is rife in all of them. Impressed with the idea that these dark 
individuals, the vers tigris of French breeders, possess a stronger 
constitution than their paler relatives. Captain Hutton attempted 
to increase their number by rearing a fresh breed from the dark 
worms only. He reared the dark batches in the same room and 
under precisely the same circumstances as the light worms ; and 
he soon found, that the rate of mortality amongst the former 
was very much less than amongst tiie latter. His first set of 
experiments were brought to an end by the destruction of all Ins 
eggs by a violent gale of wind. He renewed his experiments, 
and with the same mvourable results as before. As an evidence 
of what he effected we will quote his account of the breeds pro- 
duced in 1863. " In the spring of 1863 the eggs obtained in 
the previous year £rom the dark stock began to hatch on the 
16 th of March, and no sign of disease was apparent among them 
imtil the moths came forth £rom the cocoons, when many of 
them stni showed defect in the malformation and dark spotting 
of the wings. As compared with the previous year there was 
decided improvement ; there were still too many white worms 
in the brood, but they did not show any symptoms of disease, 
and none died ; they attained to a larger size by a quarter of an 
inch, measuring from three to three and a quarter inches in 
lenffth ; tiiey produced in consequence larger cocoons, though 
still deficient m silk, and the motns, although still showing tne 
presence of disease, laid good-sized eggs, great numbers of which 
adhered firmly to the paper upon which they were deposited, 
and indeed one sheet oi paper was thickly covered with them, 
a thing which, although I have paid attention to the subject 
for the last twenty-five years, I never witnessed before, nor even 
heard of it The e^s of other species will adhere, but to find 
those of Bombyx man doing so is truly a novelty which betokens 
decided progress towards a healthier condition. There was 
likewise another indication of returning strength to be seen in 
the fact that while ordinarily the male moths are so sluggish as 
to make no attempt to fly, many of those produced from my 
black stock left the trays and flew off to eeek the females in a 
distant part of the room. This is one of the marked characte- 
ristics of the wild moth of Bombyx Huttoni, which flies off &om 
tree to tree for long distances when ' on amorous thoughts in- 
tent' But still more extraordinary appears the fact that some of 
the eggs of B. mori of the spring crop of 1863 b^;an to hatch 
againibr a second crop on the 7th of August the same year : 
these were all from tne dark stock, and the circumstance, in 
itself perfectly novel, arises, I am inclined to think, from an 
accession acquired by reversion to a state approaching more nearly 
the original condition. The hatching continued throughout 
August, and occasionally even to the 28th of September, when 
fearing that my supply of leaves would fail, the eggs were 
removed to a temperature below 70° Fahrenheit in order to 
check the hatching. The worms now hatched continued to 
grow and thrive, and spun good cocoons superior in size to those 
of the spring crop, the worms attaining to dA inches in length. 
In due time the moths appeared and were fully twice as large as 
those of spring, depositing lar^e well-formed eggs. In the be- 
ginning of December, to my dismay, more worms were hatched 
Irom the spring batch, and continued to come forth throughout 
the month at the rate of 40 or 50 daily in a temperature of 53° 
Fahrenheit, when, having no more leaves upon tne trees, I was 
compelled to place the remaining eggs out in the open air at 
night in order that the sharp hoar frosts might effectually put 
a stop to any further hatching. All these worms were of the 
dark kind, and no white ones now appeared among them, as in 
the spring ; indeed from the white stock only three worms were 
produced^ and these came to nothing. This circumstance, so 
thoroughly imusual with Bombyx mon, I attribute entirely to an 
accession of health and strength in the black worms, which are 
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evidently now in a transition state whicli may account in some 
measure for their hatching out of season, so irregularly and in 
such a low temperature." In 1864 he obtained a still larger 
proportion of dark worms ; but the results were not so favour- 
ably progresaive as in the preceding year. The disease had had 
so long a standing that it would require a very long time to 
regenerate the breed ; so that Captain Hutton thinks the best 
plan would be ta breed from the wild worms if procurable. In 
support of his opinion that the wonns were dark coloured before 
tbey were domesticated, he appeals to the above experiments, 
and to the fact that the dark mdividuals approximate to certain 
species which occur wild in the district He also alludes to the 
general tendency of domesticated species to acquire a lighter 
tint, either in patches, as in piebald horses, or generally in all 
parts of the body. The native coimtry of the true Bomiyx mori 
IS in the north of China, where the climate is very severe in the 
winter. This species will not thrive in the hot regions of the 
Punjaub so well as in cooler climates ; and the F^nch worms 
are superior to those of the sunnier clime of Italy. The deteri- 
oration of the worm is manifested partly by the prevalence 
of disease and partly by the diminished weight of the cocoon ; 
but the quality of the silk is little if at all af^cted. 

Captain Hutton points out that several species have been con- 
founaed together under the common appellation of B, mori. He 
considers that the genus Bombyxy Schranck, may be arranged in 
two sections ; to the first might be assigned the cultivated larv89 
which have a pale cream colour, and -a single fleshy or semi- 
corneous spine situated on the dorsal surface of the penultimate 
segment ; and to the second the larvae of the wild species, which 
are adorned with bright and variegated colours, such as ashy 
grey, livid green, yeflow, rufous, ferruginous, and black, and 
have from four to six longitudinal rows of spines with a back- 
ward curve, in addition to the one on the penultimate segment. 
In experimenting upon B. mori he found that the reverted speci- 
mens approached tne second group as regards colouring. He 
believes the B. mori usually referred to by writers embraces 
most of the following species: — Bomhyx wanV Linn.; B. textor, 
Hutton ; B, Oroesi, Hutton ; B, fortunattu, Hutton ; B, arrctca- 
nensis, Hutton ; B, sinensis, Hutton ; B, Huttoni, Westwood ; 
B. bengaknsiSf Hutton; B. subnotata. Walker; B, Horsjleldi, 
Moore ; B, Sherwilli, Moore ; B, religioscB, Heifer. 

The larva of B, mart is the largest and strongest of the domes- 
ticated species; produces generally but one crop each year; and 
thrives best in a moderate temperature. The dinerences between 
the ordinary cultivated worms and the reverted specimens are 
described, and we append the author's description. The yoirng 
caterpillar, as usually reared, is hairy and dark brown on leaving 
the egg. The edge of the anterior segment is ashy white, while 
the legs and pro-legs are jet black. During the ^rst four or five 
days, and previous to the first moult, the five anterior segments 
gradually alter from brown to brown spotted with livid ash, 
and finally they are entirely of a livid ash colour. Concomitantly 
with this change of colour there is a change of form, so that 
they ultimately present a somewhat swollen appearance. The 
hairs are arranged in two rows, one on each side. At the first 
moult all the hairs disappear, the median spine on the penultimate 
segment, however, still remains. In the second stage the anterior 
segments become ashy white, and the other segments become 
spotted or mottled with grey; on the fifth segment are two faint 
semilunar brown marks, and on the eighth two small brown 
spots; head and the pro-lees black, ^ter the second moult 
there is a great increase of die ashy or creamy white tone ; and 
the second and third segments are much more wrinkled than 
befoi'e ; on the front of the second segment is a thin longi- 
tudinally disposed dark line with generally a small dark spot 
on each side of it ; two dark semilunar marks on the fifth seg- 
ment ; and dark spots on the eighth which are now somewhat 
raised ; the anal spine has passed from a mere tubercle into a 
slightly curved process; the head is mealy grey-brown^ and 
small as compared with the body. Few changes occur m the 
subsequent moults beyond increase of size, and a greater con- 
spicuousness of the markings ; that on the fifth segment becomes 
crown shaped, and the spots on the second become uniform. 
The adult is about three and a quarter inches in length. The 
dark or reverted specimens are like the pale ones up to the first 
or second moult ; then, however, the caterpillar is of an almost 
tmiform mottled grey colour, with an ashy stripe, "which, 
crossing in front of the anterior segment, runs round on each 
side as feir back as the middle of the fifth s^ment, widening up 
towards the back, but leaving a dark brindled dorsal space 
between them«" In subsequent stages this band becomes less 



well defined, and approaches a roseate hue. There are two dark 
lunules on the fifth s^ment, and sometimes two dark spots on 
the eighth. In the third and fourth stages the colouring 
increases in intensity, and becomes like a " trellis work spread 
over an ashy grey ground." When about to spin, the colours 
become paler, the ashy grey turning to a sandy brown. The 
anterior portion of the second segment rises somewhat abruptly, 
"and from it, through the doiBal centre of the first, runs a 
narrow black longitudinal line, on each side of which, on the 
second segment, is a round black spot, perpendicularly divided 
by a pale orange line, causing the appearance, as it were, of 
two eyes." 

(Captain Hutton, Transactions of the Entomological Society of 
London [3], ii. ; F. Moore, Proceedings of the Zoological Society 
of London^ 1866.) 

BOMBYCILLA. The species of this genus are now generally 
called by the name Ampelis. 

The range of Ampelis gamda extends all along the northern 
part of Europe, Asia, and America ; a few flocks and individuals 
occasionally migrate as far south as the latitudes 30^ and 40°. 
Swinhoe records its occasional occurrence in North China. 
AmoQT^d, and Japan, showing that its ranges in Asia and 
Europe nearly correspond. Several facts have been recently 
recorded, indicating the whereabouts of its breeding places. Thus 
Ross (* Natural History Review,' 1862, p. 280) mentions the 
finding of an egg on the banks of the Youcon river, and reports 
that these birds make their nests in large numbers high up in 
the trees in the vicinity of the Great B^ River in 65° N. lat. 
Mr. Wolley has also described the nest of this species as seen by 
him in Lapland. This shows that it breeds in about the same 
latitude in Europe as in America. The nest is large and well 
shaped. It is mainly composed of the hair-like lichens, which 
grow on the trees, intermingled with a few bits of reindeer 
Bchen, mosses, and grasses. It is generally placed in the branch 
of a tree in open parts of the forest. The ^gs are usually five, 
but occasionally six, in number ; the ground colour is pale, and 
upon it are distributed several large purple spots. The eggs 
in the same nest appear to be uniform m size ; but those of one 
nest may be considerably larger than those of another. A 
young bird is thus described : — It had a general* resemblaaice to 
the adult, though aU the colours were more dulL The wax-like 
ends to the wing-feathers, the yellow tip to the tail, the black 
patch between the eye and the beak are all there ; whilst the 
rich mahogany of the under tail coverts is of a quiet brown ; the 
blooming vinous colour of the head and back has not yet 
emerged from a homely neutral, and the crest is but just indi- 
cated by the longest feathers of the crown. The most marked 
difference between the adult and young is in the throat and 
under surface generally. There is at present scarcely a trace of 
the deep black patch of the chin, and the delicate tint of the 
general under surface of the adult is replaced by mottled neutral 
and white. This upon examination is found to owe its appear- 
ance to those longer webs which, arising towards the root of each 
feather, extend as far outwards as the webs which arise nearer 
its tip, being very pale or white, and thus relieving on both sides 
the last-mentioned darker webs. (Wolley, 'Annals of Natural 
History,' 2nd Series, vol. 20). 

A. phoenicoptera. This bird, which imtil lately was only known 
as an inhabitant pf Japan, has been found in Siberia. Radde 
states that it doubtless breeds in the Bureja mountains north of the 
Amoor, since he saw flocks of lately fleaged birds in tiie woods 
of that district in August and September. 

BOULDER-FORMATION [E. C. voL L col. 612 ; Diluvial 
FoRiiATiON, E. C. vol ii. col. 343]. The term boulder-formation 
has had many misconceptions connected with it. By some 
geologists it has been applied to a series of the more recent 
supemcial strata, and by others to certain beds forming part of 
the same series. It is now usually employed in its more re* 
^tricted sense ; and is never used to indicate what were formerly 
embraced in the term diluvial formation. The boulder-forma- 
tion, or the boulder beds, as we think the strata referred to mi^ht 
more correctly be called, represents a set of phenomena which 
appear to have been of rare occurrence in past geolo^cal times. 
Almost every bed of the thousands which make up uie miles of 
accumulated deposits known to geologists has been lormed in one 
of four ways. The matter comprising them has been derived 
from the d^radation of land, ana been strewed over the bottoms 
of water-filled hollows by the action of currents ; a liquid is the 
essential transporting agent, and the particles are more or less 
rounded. In the second way the matter has been precipitated 
from solution in the vrateis, which formerly covered the site 
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where the bed is now found, by organic agency. In the thiid 
way the matter is deposited from solution in water by direct 
chemical action, or ratner by chemical action without the inter- 
vention of orcanic life. In the fourth way the materials have 
been elected from volcanoes in a pulverulent form, and have 
gradually settled down sometimes on the land and sometimes at 
the bottom of lakes, seas, &c. All limestones, sandstones, grits, 
shales, clays, and conglomerates have been formed by one or other 
of these processes, and the great majority of them by the first- 
mentioned. In a few instances the oeds are composed of frag- 
ments which were broken off from rock masses by the action of 
the weather, and rolled into the nearest depressions. In addi- 
tion to all these are certain beds, in the aggregate of compara- 
tively insignificant dimensions, which are partially or mainly 
composed of large masses of rock presenting few or no signs of 
havmg been transported far by tne action of currents, and 
yet thev have evidently been transported some how or other, 
since t'heir parent roclc is known to exist twenty, thirty, and 
even hundreds of miles from their present localities. Such 
beds are, as we have already mention^, of but rare occurrence; 
their peculiar feature is that lai^e blocks of angular stone with 
polished or striated surfaces rest upon, or are embedded in, a 
nne-grained sedimentary deposit, generally clay or shale. A 
few cases are recorded from Miocene, Eocene. Cretaceous, 
Permian, Carboniferous, and Devonian strata ; out the best 
marked and most numerous ore confined to a veiy recent period, 
that of the Post-Pliocene. As these are best considered in con- 
nection with the other strata of their respective periods, further 
remarks on the boulder-beds will be given under Post-Pliocene, 
E. C. S., and imder the headings Miocene, Eocene, Chalk 
Formation. Permian, and Old Red Sandstone, in this 
volume ; wnile the general facts connected with the boulders 
themselves will appear under Boulders, E. C. S. The old 
palceozoic boulder-beds have not been sufficiently studied to 
warrant the assertion that they have been formed in the same 
way and under similar conditions to those of the Post-pliocene 
period ; at any rate the term boulder-formation is never applied 
to them. It may be also mentioned that all those nuge 
angular or sub-angular masses which are scattered more or less 
thickly over the surface of the northern parts of the European, 
Asiatic, and American continents, without being embedded in 
a sedimentary deposit, are not comprised in the expression 
of boulder-formation, although, like the beds which are so called, 
they belong to the same set of phenomena. 

BOULDERS [E. C. vol. i. col. 612 ; Erratic Blocks, E. C. 
voL ii coL 614; Glaciers, E. C. vol. iL cols. 1031—1035]. 
Boulders and erratic blocks are those large angular or subangular 
rock masses which are in many cases marked with one or more 
sets of parallel scratches and grooves, and which generally occur 
under such circumstances that it seems highly improbable that 
any appeal to violent floods or suddenly upraised moimtains will 
satisfactorily account for all the phenomena connected with 
them. Cataclysmic deluges might ne accepted, if the boulders 
were simply large rounded stones, such as those near Inverness, 
which are as well rolled as pebbles, and sometimes £rom two to 
four feet in diameter ; but no flood or violent current of water 
can be supposed to have transported masses many tons in weight 
for hundrcas of miles, and deposited them in a finely commi- 
nuted clay on the tops or flanks of hills, or on gravel, with their 
angles sharp and unworn. Even in those boulders which have 
travelled a few miles only it is inconceivable that their trans- 
portation can have been bv local floods ; for this would still 
leave unexplained the parallelism of the scratches, and the dis- 
tribution of the blocks in radial lines from a common centre. 
As has been pointed out imder Erratic Blocks, E. C, boulders 
occur imder a great variety of circumstances, and hence no one 
mode of distribution is applicable in all cases. The main agent 
has been the buovant power of ice, which has been pressed down 
the channels of the mountain sides, and £rom the higher parts of 
a continental area to its lower sea-bounded margins, or drifted 
along by oceanic, lacustrine, and fluviatile currents. Wood, 
such as logs, and other substances capable of buoving up heavy 
weights in water, are accessory and comparatively unimportant 
agents. 

In this article attention will be confined : (1) to the modes of 
occurrence of boulders ; and (2) to illustrations of the power of 
ice in efiectinff the production of the j^rallel scratches, and in 
transporting the blocks. While under Fost-Pliocene, E. C. S., 
an attempt will be made to show how the greater prevalence of 
continental and valley glaciers in lower latitudes than at the 
pre;ient day, the noithem or rather arctic character of the fauna 



of the period, and other evidences of intense cold in all the 
localities where boulders are now found, harmonise with and 
lend support to the view that ice was the sreat transporting 
agent during this period in the polar halves of both hemispheres. 
In the first mode of occurrence to which we propose to draw 
attention, the boulders are for the most part situated on the 
summits and flanks of the higher elevations of the district, and 
are generally embedded or promiscuously arranged in a hard 
tenacious clay which is commonly found resting immediately 
upon hard rocks. The boulders are derived from rocks developed 
in the district at distances ranging from 10 or 20 up to, in certain 
rare instances, 300 or 400 miles. Their situation is such as to show 
that the transporting agent has been uninfluenced by the minor 
inequalities ot the fi^und, since valleys and ridges of consider- 
able size intervene oetween their present position and the rock 
mass from which they were derived. Sometimes, even, it 
happens that the parent rock is situated at a lower level than 
the Doulder itself. In some districts the course of this class of 
boulders has been southerly and northerly, with variations 
towards the east and west £rom the principal watershed ; while 
in others they have diverged in opposite directions from two or 
more of the principal watersheds of the coimtry. Illustrations 
of most of these statements are to be seen in the British islands, 
but the most striking examples occur on the European and 
American continents. In this country the phenomena are best 
shown in Scotland, where they have been carefully examined 
by Jameson and others. From these researches we learn that 
the rocky surfaces of the coimtry as well as the boulders are 
ice-worn, and covered with parallel strise. The stiise on the 
boulders frequently coincide m direction with those on the sub- 
jacent rock, and this direction ako coincides with that in which 
the parent rock of the boulders lie. " Thus," says Professor 
Jameson, " on the top of the sandstone hills that form the south 
end of tne island of Bute, we find the ice-worn dibris of the 
mountains of Argyleshire ; in the boulders of Inverness we find 
samples of rocks that occur along the line of the Caledonian 
Canal ; and at Aberdeen we get specimens of all those that are 
to be met with in the valley of the Dee." The character of the 
mud in which they are embedded frequently affords a sood 
indication as to the direction which the movement has tcS^en. 
This is well seen in the countrv to the south and south-east of 
the central highlands of Scotland. An observer passing from 
Ben Nevis to Edinbui^^h would notice that the rocks in the more 
northern and mountamous districts are chiefly granites and 
mica schists, in which the general tone of colour is srey. Then 
would follow a broad zone of more level countrv cnaracterised 
by a red sandstone, which is succeeded on the south by the coal 
measures. The prevailing colour of the boulder mud follows 
the order indicated by these rocks. Thus, in the north of the 
area under consideration it is of a dull greyish tint ; further 
south it is reddish ; further south it is brown ; and beyond this 
it becomes blackish. On comparing the boundaries of the 
colours in the boidder mud and m the parent rocks it will be 
observed that the former overlap^ or extend southwardly of the 
latter. Thus the grevish tint oi the boulder mud of the grey 
granite and mica schist area does not lose its CTeyness until 
several miles of the red sandstone have been passed over. Again, 
on passing &om the red sandstone to the coal measures the 
redness of the boulder mud shades off from bright red through 
dull red and various tints of brown to black. The fact that tne 
underlying rock imparts its colour to the boulder mud for some 
distance oeyond its southern border not only indicates the 
direction in which the mud has been moved, but it also shows 
that the transporting agent powerfully degraded the area over 
which it passed. The degradation occurred over a continuous 
breadth of many miles, and not along a number of narrow 
channels. The distribution of the boulders derived &om this 
same area does not indicate so regular an arrangement in zones, 
but their lithological character, together with the eircumstances 
alreadv referred to, leave little doiibt as to the direction in which 
they nave travelled. Thus on the shores of the Forth the 
boulders represent all the harder rocks between that river and 
the Qrampian Hills. We may find there granite and mica 
schist from the Grampians, old red sandstone fiom the Lowlands, 
volcanic rocks from the Ochlb, and fragments from the coal 
beds of the immediate district. Granite boulders have also been 
carried north-westwardly in laige numbers from the Ben Mac 
Dhui range across the valley of the Spey and far up the flanks 
of the hiUs near Aviemore. The rocks and boulders of Arran 
show the same phenomena on a smaller scale. The northern 
and higher parts of that island are composed mainly of two 
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varieties of granites-one coarse-grained, and the other fine- 
grained. The Goatfell group of mountains consists entirely of 
the coarse-grained granite ; while the sides of Glen lorsa, 
together with the eminences situated towards the western side 
of the island consist, partly of the fine-grained, and partly of the 
coarse-grained. The large proportion of the houlders of Arran 
are derived from these rocKs, and are massed together in the 
more southern parts of tlie island. Their position shows clearly 
that they have traversed the island from north to south, and 
occupy the same relative positions as their parent rocks, those 
from Goatfell heing grouped together to the east of those from 
Glen lorsa. It is ako noticeable that the Arran boulders are 
exclusively derived from Arran rocks, there being few or none 
from the adjoining mainland ; and that, to use the words of Dr. 
Bryce, " they have passed down slopes, across glens, up steep 
inclines, a^n and again, to reach the j)oints where they are now 
lodged.** Much of the boulder-containing drift of the nortli of 
England, especially that about the head waters of the Tyne, 
Wear, and Tees, appears to have been transported in the same 
way as the Scotch boulder clay. In America, also, there are 
abundant examples of this mode of occurrence. In Massachu- 
setts and Vermont, for instance, there are long trains of boulders 
whose sources lie at distances varying from 20 to 100 miles in a 
northerly direction, and their line of movement is quite inde- 
pendent of the valley structure of the district. Thus on Hoosac 
mountain there is a granite boulder believed to have been 
transported across the adjoining valley, the depth of which is 
1500 feet ; while the iron ore beds at Cumberland, New England, 
are represented by boulders stretching 35 miles to the south. The 
country on the south side of Lake Superior is bestrewn with 
boulders derived from its northern shores. Numerous other 
examples are mentioned under Erratic Blocks, E. C. 

In the second mode of occurrence there is an absence of the 
tough clay, and if any clay is present its texture is more loose 
and open. The boulders, mostly from local rocks, are distri- 
buted along the principal river valleys, and are more abundant 
in the upper than in the lower portions. They frequently occur 
in the large ridges or mounds which extend partially or across 
certain portions of these valleys. In many instances Doulders of 
similar material occur in long trains, side by side with trains of 
boulders formed of other materials. Indeed, it may often be 
noticed in this class of boulders that not only have they not 
crossed valleys and ridees, but they have not even crossed from 
one side to the other of the same valley. This is exemplified by 
the Wye valley, where boulders of millstone grit and limestone 
are abundant on the one side, but absent on the other. The 
boulders at Detmold, in the valleys of the Limmat, the Rhine, 
the Reuss, and the Aar, referred to under Erratic Blocks, E. 
C, are also examples of this class ; and himdreds of others 
might be cited in the northern pjuis of Europe, Asia, and 
America, as well as in New Zealand. In the third mode of 
occurrence the boulders are sometimes isolated, and sometimes 
in patches. They are generally composed of rocks situated at 
great distances, and the patches are generally heterogeneous in 
composition as well as promiscuous in arrangement ; and they 
are situated on the tops of the lower hills, along the sides and 
bottoms of valleys, and on plains, but their situation has no 
evident connection with the present river systems. Examples of 
this kind are afforded by the boulders of Westphalia, Lithuania, 
and Potosi, mentioned under Erratic Blocks, E. C. The few 
boulders found in Devonshire and Cornwall also appear to be 
examples of this class. 

There are yet two other recognisable modes of occurrence, but 
it is frequently difficult to distinguish one from the other, or 
either of them from those which have been already described. 
In both the boulders are frequently of local origin ; but they do 
not possess the orderly arrangement and that restriction to river 
valleys immediately connected with the parent rocks so charac- 
teristic of boulders of the second mode ol occurrence ; and if 
they are associated with tough clays, they may generally be dis- 
tinguished from those boulders which occur in the first mode 
mentioned, by such clays containing marine shells, mostly in a 
more or less comminuted condition. 

The examples which we would, with hesitation however, 
assign to the fourth mode of occurrence, are the granite blocks 
from Wasdale Craigs, the boulders scattered over the low lands of 
Livonia, and those which occur in the glacial drift of Caithness. 
The distribution of the Wasdale Craig boulders has been ably 
sketched by Professor Phillips (' British Association Report for 
1864,' Notices, p. 65), whose account we take, since we are 
unable to describe it ourselves in better words or in shorter com- 
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pass. The blocks occur plentifully in the drainage of the Eden, 
the lai^e tracts embraced by the northern and eastern branches 
of the Humber, and the long depression on the western side of 
the carboniferous chain of Yorkshire and Lancashire, but are 
quite unknown in the country to the westward of the parent 
rock. In following the course of the blocks from the extreme 
south-east of Yorkshire, it is found that they do not follow the 
valleys and avoid the heights, but, on the contrar)% with little 
or no difference they occur alike on hills and dales, though not 
on the very highest, till on Stainmoor they appear on surfaces 
raised 1400 feet above the sea. Through this pass of Stainmoor, 
which, though so much elevated, is in fact a great transverse 
depression in the carboniferous chain, the blocks have passed on 
as through the strait of an ancient sea. At no other point have 
the blocks passed the chain. In the coimtry to the west of 
Stainmoor tne blocks are frequent at all elevations below about 
1000 feet above the sea ; and on approaching Wasdale Craig 
they become so numerous as to be counted by hundreds and 
thousands. As Wasdale Craig itself is only 1479 feet high, the 
distribution has clearly not been due either to glaciers or to 
floatations by icebergs, unless great alterations are assumed in the 
relative levels of different tracts of the land, as well as of the 
land to the sea. Wasdale Craig itself is in the drainage of the 
Lune. To the north and west of it the summit of drainage 
between the Eden and the Lune is traced over varying heights 
^eater and less than that of the Craig. This drainage summit 
IS passed by the blocks at a level below 1000 feet, a little to the 
north of east from the Craig. South-west of the Craig is the 
watershed between the Lune and the Kent. This summit 
appears not to have been passed at all, though in many places it 
is much below the height of the Craig. The blocks are often of 
very large size ; some within two or three miles of the Craig are 
twelve, fourteen, eighteen, or even more feet in the greatest 
diameter, and at Thirsk, 70 miles off, is a block thirteen feet 
across. They seldom appear to have been rolled, but yet, 
perhaps by ordinary surface waste, they have often become 
olunted at the angles. Our own suggestions as to the way in 
which the distributions appear to have been brought about will 
be given presently, but we will append here the conclusions to 
which the Professor himself has been led. He states his conviction 
— (1) that the distribution is best explained by the agency of ice ; 
(2) but not by glacier action on the land at its present absolute 
elevation ; (3) that iceberg floatation cannot have done it if the 
present relative elevations were the same then as now ; (4) that 
the excessive abimdance of blocks near the Craig seem to 
require the supposition of a considerable disturbing force which 
greatlv shattered the Craig. It is thought that during the 
glacial period such a disturbance took place ; that the lake 
district was depressed ; that icebergs, formed from shore ice and 
at moderate depths in the sea, carried away many of the 
loosened blocks over the region far away in the east, when 
relatively lower than at present ; and that they were distributed 
while the land was rising. The Professor has here confined his 
remarks to Wasdale Craig, but the harder rocks of Shap Fell 
and other eminences of the Cumberland range have supplied 
bouldere which have taken the same direction as those irom 
Wasdale Craig. We will next turn our attention to the bouldera 
of Caithness. The north-eastern part of this coimty is a low 
undulating plain, which has a general slope towards the north- 
east. It IS Dounded on the south-west by lines of rocky cliff 
cut out of the hills which form part of the mountainous region 
of Sutherlandshire. The depressions in the more level part of 
the county are filled with a pebbly silt and clav up to from 100 
to 150 feet above the level of the sea. The deposit is for the 
most part without any signs of stratification ; small fragments of 
shells are scattered in considerable abundaiice throughout the 
greater thickness of it ; and the lower portion, of a greyish tint, is 
generally firm and solid, as though it had been strongly com- 
pressed. In this last character it nas considerable resemblance 
to the boulder clay of the west coast and the southern haK of 
the east coast of Scotland ; and hence it has frequently been 
spoken of as true boulder clay. It passes upwards into a more 
open clay of a reddish-brown colour, and full of striated ice- 
worn stones and boulders. The boulders consist of sandstone, 
mica schist, and granite, such as are to be found in the countv 
itself. The rock upon which this deposit rests is marked with 
striae, the great majority of which have bearings ranging from 
N. 30° W. to N. 60° W., allowance being made for the present 
variation of the compass. As the direction of movement of the 
clay has a close bearing upon the Question as to how the 
boidders were transported, we cite the following passage from a 
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paper by Professor Jameson (' Quarterly Journal of the Geolo- 
gical Society/ xxii. p. 268) : " The impression left upon me by 
all I saw was, that the movement had been from north-west to 
south-east ; for where I observed any indication of a stossdte it 
was on the north-west side. In order to obtain further evidence 
on this point I endeavoured to trace the boundary of the dark 
grey drift, for I thought that, had the movement come from the 
north-west, the dark grey mud derived from the Caithness flags 
eiiould overlap the red grit and conglomerate towards Dunbeath 
and Beniedale, while the flaffs themselves should be overlapped 
at their north-western boundary, towards Reay, by a differently 
coloured drift This I foimd to be the case. The dark grey 
mud fills the bed of the Forss water, but does not extend 
beyond the watershed between that stream and the Bum of 
Isauld ; and at Reay the drift covering the flags is of a reddish- 
brown colour. On the other hand, the dark giey mud stretches 
south-eastward, past Lybster, into the bed of the water of 
Dunbeath, and lies in heavy masses even in the south branch of 
that stream. I also traced it to the mouth of the Berriedale 
water, where it mingles with the reddish-brown drift that pre- 
vails from there to the Ord ; but further up the Berriedale glen, 
to the base of the Scarabin hills, the colour is reddish brown. 
The distribution of the dark grey mud therefore harmonizes 
with the supposition that the transport had been from the north- 
west; and a movement of ice from north-west to south-east 
across Caithness is totally at variance with the notion of the 
scratches having been caused by glacier action proceeding from 
the interior of the country towards the present coast. I have 
already mentioned that tne stones imbedded in the drift of 
Caithness very often show the glacial striae. When examining 
the sections along the Haster Bum, in company with Mr. 
Joseph Anderson, I remarked that the strisB on the imbedded 
fragments generally agreed in direction with those on the rock 
beneath. The scratches on the boulders, as usual, nm length- 
ways along the stones when they are of an elongated form ; and 
the position of these stones as they lie imbedded in the dnft is, 
as a rule, such that their longer axes point in the same direction 
as do the scratches on the sdid rock beneath, showing that the 
same agency that scored the rocks, also ground and pushed 
along the drift. Intenpersed among these ice-wom stones were 
many fragments of shells — themselves also scratched — and some 
univalves almost entire." These fine parallel scratches occur on 
fragments of the most fragile shells, and even on Foraminifera, 
Altnough almost undistinguishable in physical structure from 
the boulder clay of Perthshire and Stirling, the drift of Caith- 
ness differs from it in several important points. It is fossil- 
iferous ; its direction of movement points not to a high water- 
shed, but to a wide expanse of ocean ; it is far more recent than 
the true boulder clay ; and the area over which it extends is 
believed to be entirely free from old glacier moraines. The 
question of age is an important one in connection with bouldeis, 
but it cannot be dwelt upon here ; details upon this point will, 
however, be found under Post-Pliocene, E. C. S. Lastly, we 
would refer to the boulders of Livonia, which are distributed 
over a plain which is at present but little elevated above the 
sea. Ihe peculiar feature about them is, that while thefr 
positions seem to indicate that they were distributed over the 
bottom of a sea, yet the gravels and sands connected ^vith 
them are onfossiliferous and non-marine in character, and the 
underlying surfaces are marked with parallel scratches. Their 
mode of occurrence is difficult to account for on the supposition 
that they have been brought either by icebergs or glaciers ; and 
a different mode of accoimting for them will be noticed when we 
refer to the transporting powers of different forms of ice. 

The peculiarities of the fifth mode of occurrence will be 
gathered from a few examples. A little below Bridgnorth two 
well-marked terraces are seen in the valley of the Severn, one 
at 113 feet and the other at 156 feet above the level of the sea. 
Along the crest of the upper terrace there is a pebble ridge com- 
posed of rounded boulders mixed with a little gravel. Some of 
these bouldejs are of considerable size, and their composition is 
as various as the strata occurring in the higher part of the valley 
of the Severn. They are subangular, free from well-marked 

flacial strisB, more or less abundant all up the valley to Shrews- 
ury, and generally most abundant in the higher grounds 
ranging from 400 to 800 feet above the sea. Mr. Maw states 
that thefr local distribution is remarkable, the ground in some 
places being thickly strewn with them, while at others, where it 
IS equally elevated, the boulders are almost entirely absent ; and 
he suggests that thefr partial distribution may be accounted for 
by supposing that they were not merely casually dropped from 



floating icebergs, but deposited wherever they happened to 
ground. Otherwise, he remarks, the tendency would be for the 
low ground, which was longer under water than the higher hills, 
to receive a larger instead of a smaller proportion of them. We 
believe, however, icebergs had nothing to do with thefr distri- 
bution. Along many of the river valleys of the southern 
counties of England, gravel beds are frequently found at mode- 
rate heights above the present stream, generally between 20 and 
50 feet. In these gravels numerous blocks have been observed, 
generally of sandstone, and sometimes of considerable size. 
Thus Mr. Evans refers to several derived from the gravel near 
Hillhead in Hampshire, one of which was 2 feet 6 inches thick, 
and 22 feet in circumference. Mr. Coddington refers to some 
in the gravel near Thame, and many others have been recorded 
by other observe i-s. They are frequently associated with fresh 
unrolled chalk flints. It is, however, not unlikely that some of 
the masses of sandstone found in drifts and gravel beds have 
been consolidated in situ. In such cases the presence of angular 
flints, the want of conformity between the bedding of the block 
and the stratification of the gravel, the irregular disposition of 
the blocks and a marked inequality between the grains forming 
the sandstone, and those forming the immediately surrounding 
sand or gravel, are the principal circumstances which indicate 
that it is a transported boulaer. These graveLs, we would 
mention, are in all probability of flu\iatile origin. Above the 
boulder clay of the southern fritiis of Scotland is a laminated 
marine fossiliferous clay, in which have been found a few 
boulders. They are generally fragments, 6 feet or so in length, 
of crystalline rocks, and in most cases they are marked with 
glacial striae. Not unfrequently colonies of Balani occur on 
both thefr upper and lower surfaces. Professor Jameson has 
some interestmg observations on this point. '* Now," he remarks, 
" it is quite common in some of the pits [near Paisley] to find a 
crust of Bala7ii attached to one of these boulders, and I think 
it has generally been supposed that the Balani are confined to 
the upper surface and sides of the stone, as if they had grown 
upon It after it had been dropped into its present position. I 
satisfied myself, however, that this is not always the case, for I 
found that Balani do occasionally occur all over the lowermost 
side. For example, I observed one heavy stone, measuring 
32 inches in length (32 X 14 X 18 inches), imbedded in the clay 
about 15 feet irom the surface. This boulder had not been 
moved out of its original position, and there were remains of 
Balani on various parts of the surface. With the assistance of 
the foreman of the work I dug round it, and heaved it out of its 
bed, and found that the whole under side of it was covered with 
a close thick cmst of entire Balani, the points of which were 
sticking downwards into the soft clay beneath, showing clearly 
that they must have grown upon the stone before it was dropped 
into its muddy bed. Other instances of the same kind were 
observed by me in this brick work. I conclude, therefore, with 
regard to these boulders at least, that Balani grew on them 
before they came to be lodged in the clay (probably when they 
lay on some shore), and that afterwards they had got encrusted 
with ice, and being floated off had dropped to the oottom when 
the ice about them melted. . I noticed tliat these boulders, with 
the Balani on them, sometimes exhibit glacial scratches. Here, 
then, we have evidence of three distinct events; first, the 
boulder was scratched; secondly, barnacles grew upon it; 
thirdly, it was carried off and dropped to the bottom of the sea. 
If this transportation was due to floating ice (and I do not see 
to what else we can ascribe it), it would therefore appear that 
the floating ice had nothing to do with the scratching of the 
stone." Many of the boulders collected round ^e mai^gin of 
old lacustiine areas are examples of this fifth mode of occurrence. 
Thus in the Himalayas there are extensive plains which were 
formerly the sites of large lakes, and the valley of Skardo is 
one of them. Captain Godwin Austen describes it as a plain 
surrounded by high mountains. In the centre of this plain 
rises the Rock of Skardo to a height of 800 feet. On the summit 
of this rock and along the mountain slopes, at elevations over- 
topping the rock, are vast accumulations of angular detritus, 
conglomerates, and boulders. These accumulations mark the 
former level of the lake. The great plain of Hungary and the 
Danubian principalities seems to have been at one time the site 
of a great lake or inland sea. Round the margin of this basin 
we nnd here and there deposits of gravel characterised by 
boulders of trachyte, basalt, and rhyohtic rocks. These boulders 
appear to be free from glacial strioo, although they are more or 
less angular. 

Having thus grouped together and classified the principal 
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circumstances under which boulders are found, we will indicate 
either in tliis or in other articles to be referred to, in what way 
the ice is supposed to have acted in each of the live groups. 
Before doing so, however, we would say a few woi-ds respecting 
the arrangement of the foregoing part of this . article. If the 
reader wul consult Post Pliocene, E. C. S., he will find 
facts stated which seem to lead to the conclusion that Scotland 
and probably other northern countries have passed through 
similar conditions which have succeeded each other in the same 
general order. Stated shortly, those conditions were the envelop- 
ment of the whole of the land in a thick covering of snow and 
ice ; the subsidence of a lar^ proportion of the land accom- 
panied by the dissolution of tne ice cap ; the re-elevation of the 
land, and a re-accumulation of ice and snow, but not to so great 
an extent as before the period of submergence ; and subsequent to 
nil these a second depression, during which a gradual ameliora- 
tion of climate occurred, and the valley glaciers disappeared. 
During each of these phases the action of the ice was diiferent, 
80 that the principal effects produced by it during each period 
are recognisable by well marked characteristics. It is probable 
that most of the boulders which we have cited as examples of 
the same mode of occurrence were transported when the con- 
dition of the coimtry as regards glaciation was in the same 
phase. The order of the modes of occurrence corresponds with 
that of the phases; and hence it is probable that tne arrange- 
ment followed is roughly chronological. 

The boulders of the first group were, we conceive, transported 
by the outward movement of vast continental glaciers which, 
covered the northern parts of America, Europe and Asia, during 
what is called by geologists the glacial epoch. Those of the 
second group were brought down from the high lands by glaciers 
descending through valleys. The carrying powers of valley 
glaciers have alrSuiy been described under Glaciers, E. C; 
while those of continental glaciers will be referred to more 
particularly under Gij^ciers, E. C. S. The transportation of 
the boulders of the third group appear to be best explained by 
icebergs, which are known to be charged with great loads of 
earth and boulders, and which would discharge their burdens so 
as to produce patches resembling those we have described. 
Scoresby saw several which he estimated had from 60,000 to 
100,000 tons of earth and stones. 

The boulders of the fourth group appear to have been moved 
by what are called ice-fields, more especially when forced against 
shores or through narrow straits during storms or by strong oceanic 
currents. These ice-fields are great masses of ice from 30 or 40 
' up to 400 feet in thickness, and many miles in extent. They 
originate only partially from the waters of the ocean. Sea-water 
is never frozen oy the simple action of intense cold to a greater 
depth than 18 feet. When an intense frost sets in in the Arctic 
regions a thin sheet of ice forms over the surface ; this soon gets 
broken up by a storm, and the masses floating about gradually 
thicken, partly by solidifying the moisture which condenses 
upon them, and partly by the additions received on their sur- 
faces during snow storms. These masses are drifted by currents 
into narrow straits and sounds, and are so hustled and jammed 
together that their edges rise up into hummocks and ridges from 
10 to 100 feet high. When the Arctic winter sets in these 
masses are imbedded in a sheet of ice, and are so closely packed 
that enormous pressure is exerted upon the sides of the straits. 
Along the shores of Smith's Sound, between Greenland and 
Grinnell Land, the rocks on the shore are thoroughly smoothed 
and polished. In addition to these there is another kind of ice 
whicn acts in much the same way as the ice-fields as a geological 
agent, and characterises the same high latitudes. The navigators 
in the Polar Seas call it the ice-foot or ice-belt. This is a band 
of ice, of greater or less width according to the inclination of the 
shore, being yridest where the slope is gentlest. It forms along 
the margin of the sea, extends some wav inland, or as far as the 
bounding cliffs, and is finnly fastened to the shore. In the 
lower latitudes, where this belt occurs it is formed every winter 
and disappears during the summer, but in higher latitudes it is 
permanent, or only dislodged during unusually heavy gales. 
During the winter, masses oi rock are nurled upon the surface of 
the ice-belt, and sometimes accumulate in enormous quantities. 
Dr. Kane describes one a little north of 78° N. lat., which clung 
to the base of the cliffs overhanging the sea. Its surface was 
covered with huge angular blocks, some of them many tons in 
weight. The height of the talus of debris, from the surface of 
the ice-belt to where it met the cliffs, was 690 feet. In this lati- 
tude the ice-belt so firmly adheres to the shore that it generally 
resists the action of the tides. Sometimes, however, the dis- 



placement is so great that the entire maps is floated away, caiTy- 
ing with 'it the fmjijments wliich had been luted to its under 
surface as well as those w^hich had accumulated from above. 
The violence with which the liberation ia effected is described 
by Arctic voyagers as terrific ; great cracks run across the ice 
With deafening reports, and the rocks are subjected to such 
strains and wrenches that few vessels would stand it if they 
happened to be in the line of disruption. The phenomena pre- 
sented by the distribution of the boulders from Cumberland over 
Yorkshire appear to have been effected by the packing of the 
ice tables in the broad depi'ession traversing Cumberland and 
Westmoreland, the formation of ice-belts round the crags of the 
lake district, and the discharge of the rock-laden masses through 
the Gap of Stainmoor. This hypothesis would not require the 
unequal elevation and depression of the lake district as ad- 
vocated by Professor Phillips. The phenomena in Caithness 
seem to be due to the forcing of ice tables and dislodged ice-foots 
over the area of Caithness, which was probably then the bottom 
of a shallow sea. The boulders of Livonia appear to have been 
distributed by a similar agency, that is, the forcing of rock-laden 
tables of ice over a low lying land ; an explanation which has 
been rccently suggested by Count Keyserung. The following 
digest of his opinions is from the late Mr. Hamilton's anniversary 
address to the Geological Society in 1866 : — 

During the first frosts of 1863 Count Keyserling observed that 
a vast field of ice from 2 to 2J feet thick had formed itself on 
the shore of the Gulf of Peman, extending far out to sea. 
The water then rose to about four feet, owing to the milder 
weather, covering the field of ice. This was subsequently 
raised by the water, and formed a free floating field of ice of 
enormous extent. A violent storm on the 15th and 16th of 
January drove this field of ice against the shore, and forced it 
with great power over the land. Similar occurrences, but on a 
much smaller scale, had taken place ; but now, owing to the 
much greater thickness of the ice, the event assumed an in- 
tensity which had not been observed for several generations ; 
three peasants' dwellings on the promontory of the Tackerort 
were so suddenly invaded by the ice and destroyed, that the 
inhabitants lost all their property, and had only time to escape 
with their lives. The ice here rose 60 feet above the level of 
the sea ; in other places, where the shore was less steep and only 
12 feet above the sea, the ice came upon a fir- wood, broke the 
stems (some of which were 13 inches in diameter), threw them 
down, and covered them with an unbroken coat of ice. Where- 
ever the floating field of ice encountered a steep precipice it 
rose up like a sheet of paper, its free edge rose over the land, 
and then, turning over, tell partly into the sea and partly in 
fragments over the land, and was pushed further in. On the 
flat shores of Heuschlager the ice was driven 1023 feet inland, 
carrying with it a vast quantity of stones ; At the same time 
stones were everywhere raised out of the sea by the ice, and 
driven on shore. When Count Keyserling himself visited the 
spot he found a block of granite, weighing about 2160 pounds, 
lying amongst the blocks of ice, 30 feet above the level of the 
sea, and wmch had evidently been raised by the ice from the 
bottom of the sea, thus confirming the generally received 
opinions respecting the transport of the stones by means of ice. 
In another spot where there is a land cliff 30 feet high he found 
a heap of ice blocks 10 feet thick^ which had been generally 
tilted into an almost vertical position. Their upper surfaces 
were covered with gravel and stones ; the lower surface was 
pure ice, and had originally formed the upper surface of the 
field, thus showing that the broken masses of ice had been 
completely overturned by violent pressure. "If now," adds 
Count Keyserling, " we could suppose that during the period of 
the great erratic phenomena the same circumstance took plac^ 
but on a larger scale, so that fields of ice of many hundi^ 
square miles and four feet thick were periodically driven over 
the land, we should have a natural explaniation of the scratched 
surfaces in parallel lines, and also of the non-marine character 
of the erratic deposits." He considers that these phenomena 
show how blocks of stone out of the sea can be pushed by- 
ice into places far beyond the reach of the water, and how 
deposits may be formed along the coasts high above the level of 
the sea resembling true inundations on the shore. Professor 
Baer also alludes to huge boulders alone the coast of Finland, 
which the inhabitants assert were brought there by great fields 
of ice pushed over the shore. The island of Laven Lari, on the 
coast of Esthonia, is even now undergoing such rapid change 
from the accumulation of gi'avel and boulders brought by fields 
of ice, that its present form and outline is widely different from 
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what it was 25 or 30 years ago. And it is hishly probable that 
changes of a similar character nave been eflfected even more rapidly 
along the northern seaboard of Europe during the long glacial 
winter which has now retreated farther north. 

The examples given of the boulders of the fifth group are 
arranged in a threefold division according as they were collected 
along the shores of a river, a lake, or a sea. In the former two cases 
they were left at the margin of the water, but in the last they 
were generally arranged in lines at some distance below the level 
of the water. The agents in all cases are believed to have been 
river and shore-ice, or perhaps in some cases, ground-ice. The 
effects are produced where the cold of winter is not very intense, 
and may be readily seen even at the present time in the rivers 
and along the shores of Scotland and England. They were, 
however, formerly much more energetic than they are now in the 
countries named ; and are greater in the corresponding latitudes 
of eastern Europe and North America. If the ice covering the 
British rivers during winter be examined various extraneous 
articles will be seen in it, such as plants, small pebbles, and even 
fresh-water shells with both valves entire, whicn objects indicate 
that some of the ice was fonned at the bottom of the river, and, 
on becoming sufficiently bulky, had floated the weeds, pebbles, 
&c., to the surface. On the break up of the ice these would be 
floated away and deposited somewhere else. On the Niemen 
and other northern rivers which are exposed to more intense 
and more prolonged periods of cold, blocks of stone three or four 
feet in length are buoyed up in this way, floated off in the 
spring, and accumulated along the shores of the estuaries. In 
Canada the same effects are produced on a still larger scale. In 
the St. Lawrence the lower part of the river remains frozen over 
when thaws occur in its upper part. The drifted fragments are 
packed together by the current, the slabs are piled over one 
another to considerable heights, and the whole mass is pushed 
onwards by the dammed-up waters. The pressure thus pro- 
duced is sufficient to carry along bouldei-s, to break off the pro- 
jecting comers of cliffs, and even to throw down buttresses of 
solid masonry. Lyell, in his * Elements,' states that the buttresses 
supporting a* bridge over the St. Mauiice, a tributary of the St. 
Lawrence, were thrown down in this way and carried into the 
main river ; that wharfs and stone buildings from 30 to 50 feet 
square, have been removed in the same way at Montreal ; and 
that the strongest cables snap when the ice presses on a brig 
when riding at anchor. He also figures a scene on the shores of 
the St. Lawrence, in which large boulders are strewn along the 
shores in a way which strongly reminds one of the boiuders 
along the valley of the Severn. The action of the shore-ice in 
lakes is to strand the boulders along the margin, and this is the 
way we think the removal and aiTangement of the boulders of 
the Lake of Skardo, and of the great plain of Hungary, may be 
best explained. Sir C. Lyell also describes the action of the 
shore-ice of seas. The coast of Labrador is lined for 700 miles 
with ice-borne bouldere, many of them 6 feet in diameter, and 
nearly all of which have travelled from the north, that is, with 
the prevailing current. The boulders are constantly shifting, 
80 that the spot which is thickly strewed with them one season 
may be almost free from them the next. The isolated boulders in 
the laminated clay of Scotland and in the fluviatile drifts of the 
South of Englana we would attribute to the floatation of blocks 
by ground-ice, and their deposition at random over the bed of 
the sea, and along the margin of tlie rivers. It is probable that 
many of the patches of drift derived from local rocks, whose 
transportation many writers assign to icebergs, have really been 
placed in their present position by the action of currents on 
shore ice The following are two examples of this kind out of 
many which might be cited. The Rev. P. B. Brodie (*Brit. Ass. 
Rep.' for 1865 (Notices), p. 49), refers to a patch of drift on the 
hi^ table land from 6 to 12 miles N.N.W. and W. of Warwick, 
which consists chiefly of sandstone and quartz pebbles, inter- 
mingled with fragments of chalk, greensand, oolite, lias, mag- 
nesian and mountain limestone, and more rarely granite. 
Mr. Startin, in the same volume (p. 75), notices several patches 
near Coventry, more particularly tnat which runs through the 
parish of Exhall. The drift to tne east of Exhall is derived from 
the lias, oolite, and chalk ; that at Corley and to the west, is 
composed of rounded quartzose pebbles and small ^vel, such 
as might have been derived from a small area of Bimter con- 
glomerate a few miles to the north; while that at Exhall is 
idmost entirely composed of angular fragments and large boul- 
ders from the millstone mi and coal measures which outcrop a 
few miles to the north. The explanation offered by Mr. Startin, 
in the case of the Exhall drift, wiU, we believe^ ^VV^Y to all 



these cases, including that noticed by the Rev. P. B. Brodie. He 
attributes it to shore-ice. The Exhall drift, he thinks, was 
probably deposited when the Warwickshire coal field was an 
island in a shallow sea. The contour of the coast-line at the 
time, which was that of the millstone grit escarpment, would 
account for the drift being found in this position. 

The length to which tnis article has already extended pre- 
cludes any detailed remarks upon other subjects connected with 
boulders. Nothing has been said as to the other ways in which 
blocks may have been transported without being rounded, such 
as by masses of floating sea-weed, logs of wood, storm waves, &c. ; 
nor has anything been said about the boulders of other than 
postpliocene times. Thus striated boulders have been found in 
the miocene strata of the Hill of Superga, near Turin [Mio- 
cene, E. C. S.] ; others, sometimes with and sometimes without 
faint indications of striae, are recorded from eocene beds in Swit- 
zerland [Eocene, E. C. S.] ; from the chalk of the South of 
England [Chalk Formation, E. C. S.] ; fix>m the Permian beds 
of Wales and Worcestershire [Permian, E. C. S.] ; from the 
carboniferous formation of Cuttack, in India [Carboniferous 
Formation, E. C. S.] ; and from the Devonian or Old Red Sand- 
stone of the North of England [Old Red Sandstone, E. C. S.l 
The evidence respecting these is more or less conflicting and 
uncertain, and it is seldom that any decided opinion can be 
offered as to where they have come from and how they were 
transported. Wliat little we have to say about them will be 
founa under the headings indicated above. 

(God win- Austen, Quarterly Journal of the Geological Society , 
XX., p. 384; Jameson, Q. J. Geol. Soc.y xxi. p. 161 ; Bryc«, Q. J. 
GeoL SoCf xxi., p. 204 ; Dana, Manual of Geology y 2nd Eld. ; 
Lyell, Principles of Geology, 10th Ed. ; Hayes, Opai Polar Sea^ 
1867 ; Kane, Arctic ExylorationSy 1856.) 

BRACHIOPODA [E. C. vol. i. cols. 643—651], a class of 
mollusca, about which much has been written of late years, but 
of the general plan of structure of which it would be difficult to 
give a clear idea in words only, in consequence of the miscon- 
ception caused by the acceptance of mistaken views, and the 
propagation of those views by the continued use of terms sug- 
gested in accordance with them. Thus the name given to this 
class means the "arm-footed," and was proposed because it was 
imagined that in brachiopods there was a portion of the organism 
which was homologous \%'ith the part called foot in the other 
molluscan classes. It was imagined that the same portion of 
the oi^ganism was modified for the purposes of creeping, as in the 
common snail ; for leaping or spinning a byssus, as in some of 
the lamellibranchiates ; and for prehensile purposes, as in the 
brachiopods. This idea has been partially corrected in the E. C. 
article, but, as we shall endeavour to indicate, the so-called feet 
of the brachiopods have no homologous relation with the parts 
so named in other mollusca, and that they ought not to be 
termed arms. Another source of confusion has arisen from too 
exclusive an attention having been given to the shell, and a 
consequent overlooking of the importance which ought to be 
given to facts derived from the soft parts. The cause of this 
has, in great measure, arisen from the facility with which shells 
can be obtained and examined as compared with the living 
beings which they protect. But the history of the biological 
sciences affords many a lesson which should teach the student 
how liable he is to form wrong conclusions so long as he is 
imacquainted with the whole life-history of a being, or group of 
beings, and so long as his information mainly relates to a few 
organs only, or to mature individuals. 

A brachiopod is a mollusk with a bivalve shell, in which 
respect it resembles the lamellibranchiates. Its principal organs 
are arranged in essentially the same way as in the lamelli- 
branchiates ; and the differences which do exist are so striking 
that the tendency appears to be to overrate their importance. 
In the lamellibranchiate (of which an oyster may be considered 
a good example) as in the brachiopod, the organs are symmetri- 
cally arrangeid on a bilateral plan. In an oyster the mouth, the 
foot, and the anus are situated in the median plane ; the 
nervous system presents three ganglionic masses, one surround- 
ing the oesophagus from which origmate the nerves to the labial 
velse ; the second is near the foot ; and the third is below the 
foot and anus. In the brachiopod there is a nervous centre 
surrounding the oesophagus, from which ori^nate the nerves 
supplying the so-called arms, mantle, and viscera ; while the 
pedal ganglia are absent. Judging from the disposition of the 
nerves it would seem that the labial vcIbb and mantle of the 
lamellibranchiate correspond with the mantle and arms of the 
brachiopod ; and that the arms of the brachiopod are^ like thd 
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labial velaD of the lamellibranchiate, situated right and left of 
the mouth. The heart is dorsal in both groups. The two lobes 
of the mantle are, however, differently arranged, and as this is 
the organ by which the shell is secreted, it involves an im- 
portant difference in the arrangement of the hard parts, and of 
the muscles by which the hard parts are connected. In the 
lamellibranchiates they are situated right and left, and conse- 
quently the two shell valves are also right and left ; in the 
urachiopod the mantle lobes are dorsal and ventral, which 
involves a similar disposition of the valves. So that, while 
the digestive system has a similar arrangement in botli groups, 
there is a difrerence with respect to the arrangement of 
the mantle and shell. And since more attention was given to 
the shell than to the animal, naturalists long misunderstood the 
true disposition of the shell in the brachiopod. It was supposed 
that the valves of the brachiopodous sliell occupied the same 
position relatively to the animal as those of the lamellibranchiate 
shell ; but it is now known that such is not the case. If the 
position of the mouth be regarded as indicating the anterior 
end, the opposite extremity the posterior end ; and if we call 
the parts on either side of the line joining these two ends, in the 
horizontal plane, right and left ; and the parts on either side of 
the same line, in the vertical direction, ventral and dorsal ; 
coniparable descriptions of bivalves may be dmwn up. The 
hinge in the brachiopod is posterior, whereas in the lamelli- 
branchiate it is doi-sal ; the smaller valve of the brachiopod is 
dorsal ; and hence the hintje of the lamellibranchiate has the 
same relative position as the small valve of the brachiopod. 
The ventral surface in the brachiopod is formed by the large 
valve, and by the gape of the shell in the lamellibranchiate. 
The anterior end answers to the gape of the shell in the brachio- 
pod, and to the shorter expansion of the valve relatively to 
the umbo in the lamellibi-anch ; the posterior end answei's to 
the hinge in the brachiopod, and the larger expansion of the 
valve in the lamellibranchiate. If, now, the length of a shell 
be uniformly accepted as the distance from the anterior to the 
posterior margin ; the width the distance between the right and 
left sides ; and the depth or height the interval between the 
dorsal and ventral borders ; the difference in the arrangement of 
the shells in the two groups will be seen. The length of a 
lamellibranchiate generally coincides with the long axis of the 
shell, as in a mussel ; and the height to the short axis at right 
angles to it, or from the umbo to the widest part of the gape of 
the shell. The length of a brachiopod, on the other hand, 
corresponds with what is usually the long axis of the shell, and 
is measured from the hinge or umbo to the widest part of the 
cape ; while the height corresponds to the short axis, or the 
line joining the outer surfaces of the two valves. Comparing 
the brachiopods, as a group, with the lamellibranchiates, it will 
be observed that in the former the length is the largest dimen- 
sion in some, such as Lingular and the width in others, as in 
many species of Spirifera ; while in the latter the mussel and 
solens are examples of long species ; but there are few, if any, 
in which the width is greater than any other dimension, in 
the brachiopods the height is always the smallest dimension, 
whereas it is generally considerable in the lamellibranchiates, 
and not unfrequently even the . largest dimension. On the 
average, then, the brachiopods are long or wide, and short in 
stature or depressed ; while the lamellibranchiates are either 
long, or hi§h, and narrow or compressed. By way of contrast, 
then, we might speak of brachiopods as depressed, and of lamelli- 
branchiates as compressed animals. 

The shell of a brachiopod is secreted and formed by the 
mantle, in which respect it agrees with other bivalves ; out it 
differs from them in containing more extensive evidence of the 
nature of the internal organisation, a point of the highest im- 
portance, since brachiopodous shells yield no small portion of 
the material upon which the paloeontologist has to base his con- 
clusions : ana because there are many things to show that 
exclusive reliance upon the external characters of a shell fre- 
quently tends to give a wrong bias to our iudginent. Through- 
out the whole range of the organic world there are no characters 
which require more caution in the handling than those drawn 
from external parts only. Instances could be cited by hundreds, 
indicating that there m&y be great similarity of external feature 
combined with highly important differences of structure ; and 
that it is exceedingly difficult to distinguish between analogies 
and homologies where the evidence is scanty and partial. And 
we should naturally expect to find that in such a class as the 
Brachiopoda, which is so scantily represented in the living 
world, and the species of which are mostly founded upon the 



shell, that frequent mistakes would be committed in grouping 
together in one genus those shells which have a great resemblance 
to one another, but which may, nevertheless, have belonged to 
beings whose plan of structure differed far more widely than 
would be consistent with assigning them rank in the same genus ; 
and it is not unlikely that cases of this kind are more frequent 
amongst the lanellibranchiates, but not apparent since they are 
not detected. In the brachiopods the internal portion of the 
shell frequently affords a useful check to conclusions drawn'from 
its outside. Thus amongst the I'erabratulidce one of the most 
important characters is tne possession of a calcareous loop in 
the inside of the dorsal valve ; and amongst the SpiriferidcB 
the possession of two calcareous spires in the inside of the same 
valve is a similarly important character, and by means of them 
alone we can generally distinguish the shells belougmg to each 
family. Thus JFalcllminia, a terebratuloid genus, presents 
species which can hardly be distinguished from species of 
Centroiiella, a spiriferoid genus, so long as attention is confined to 
external characters, Wcddhelmia resupinata has almost the exact 
form of Centronella glansfagea. 

The shell is generally composed of carbonate of lime, combined 
with even less animal matter than is usually found in other 
calcareous shells ; but there is one remarkable group in which 
the shell contains very little carbonate of lime, but consists 
almost equally of phosphate of lime and animal matter. Thus ii 
shell of Lhujula, analysed by Cloez, w^hen dried at 212^ F., 
contained — 

Per cont. 

Organic matter 4 -5. '20 

Carbonate of lime ........ G.GS 

Phosphate of hmo 4229 

Phosphate of magnesia 3'S>7 

Phosphate of iron 108 

SiUca tr. 

When the organic matter is excluded, this has considerable 
resemblance to the composition of the bone of many of the higher 
vertebrates. The shell of Disdna is not very different ; but those 
of ChoiwteSj Leptamaj &c., are noticeable for consisting mainly of 
carbonate of lime, with a small proportion only of the phosphate. 
In some of the strata in which Linyula is abundant, such as the 
Chazy formation of America, the fragments of shells belonging to 
this genus are associated with black phosphatic nodules, which 
are sometimes profusely distributed over an area of many square 
miles, and which it may reasonably be conjectured have oeen 
derived in some way from Lingula shells. All the members of 
the families Discinida and Lingulidce have these phosphatic 
shells. 

The brachiopods may also be arranged in two groups, taking as 
the basis of distinction the nature of the connection between the 
two valves. Thus in the Discinidce, Lingulidce^ and Craniada, the 
valves are kept in position, as well as opened and shut, entirely 
by muscular agency ; while in the remaining families the valves 
are prevented from sliding forward or laterafly by means of pro- 
jections in the ventral valve, which lock into sockets in the 
dorsal valve. Associated with this difference, we find that the 
group with non-articulated valves have a more complex mus- 
cular system than that with articulated valves, as will be seen from 
the following table, in which we have indicated the names which 
have been long used, and those which were proposed by Mr. 
Hancock in 1858 : — 

Names proposed for 
homologous muscles in 
the articulated 
brachiopods. brachiopods. 



Names proposed 
Name, formerly in u«. t."?UcuUted 



Anterior retractora. 
Anterior adductors. 
Posterior adductors, or 

cardinals. 
Central protractors. 
Exterior protractors. 
Posterior retractors. 
Capsular. 



Anterior occlusors. 
Posterior occlusors. 
Divaricators. 
Central adjusters. 
Exterior adjustors. 
Posterior adjustors. 
Peduncular. 
Anterior parietals. 
Posterior parietals. 



1 



Anterior occlusors. 
Posterior occlusors. 
Accessory divaricators. 

Yentral adjustors. 

Dorsal adjustors. 
Peduncular. 



The muscles for accomplishing the same object are, in most 
instances, arranged in pairs. In both groups the valves are 
separated and brought together by means of the occlusor muscles, 
which are fixed directly to the interior of each valve, and by 
the divaricators, which pass obliquely backwards from the 
ventral valve to be attached to the beak, or to processes in the 
dorsal valve. The actions of these muscles appear to be to a 
certain extent complementary to each other. Thus in the case 
of the occlusors the force is applied for the purpose of shutting 
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the valves, and the valves are separated or less forcibly held in 
contact by a relaxation of the muscles. Since they act in an 
almost vertical direction they do not seem to be of themselves 
capable of actually separating the valves, but only of allowing 
their separation. On the other hand, the force is transmitted to 
the divaricator muscles, when it is wished to open the valves. 
The dorsal valve rests either on the edge of the ventral one, 
or else upon projections in that valve. The dorsal valve projects 
somewhat beyond the dental sockets, and to this projection or 
cardinal process the divaricator muscles are attached. Hence, 
when these contract, the portion of the valve behind the sockets, 
or behind the point where the dorsal rests on the ventral valve, 
is pulled down, and with the teeth or edge of the ventral valve 
as fulcra, the dorsal valve is lifted above the ventral, the gape 
being greatest at the anterior end. In the non-articulate group, 
the divaricator muscles are much assisted by the four parietal 
muscles, which are said to assist by pressing the fluid in the 
perivisceral cavity, thus forcing the valves apart. These muscles 
are of great size. In the articulated brachiopods, the sliding of 
the valves upon one another, either backwanily or laterally, is 
prevented by the socketed hinge. In the inarticulate gi'oup it 
IS equally prevented by special muscles. Thus in Linmla 
there are three pairs of strong muscles, viz., the adjustors, wnich 
are so arranged as to prevent any sliding action. These muscles 
are also present in the articulated group, but modified in form 
and number ; their principal action appears to be to adjust the 
valves with reference to the pedicle. The shell is generally 
attached to some solid substance by means of the peduncular 
muscles, which pass through a hole (foramen) or notch at the 
posterior part of the ventral valve. The interior of the valves 
frequently possess impressions marking the places where some of 
the muscles were attached. The muscles are fleshy and soft at 
their expanded ends, but remarkably glistening and tendon-like 
in the intermediate portion. They are, for the most part, non- 
striated, but in fVatdheimia the posterior adductors are trans- 
versely striated, and well supplied with nerves. 

The structure of the shell itself is a characteristic feature in 
this class ; but, as in several other points, the lAnguUda and 
Dudnidm are marked off from all the other families. In the 
group with articulate and calcareous valves the shell is formed 
by long prisms arranged parallel to one another, but obliquely to 
the surfaces of the shell itself. Internally the ends crop out so 
as to form an imbricated surface ; but extemallv this is not 
usually apparent owing to the external surface being covered 
with a membrane, but it may be seen in specimens which have 
been somewhat rubbed, as is frequently the case with fossil 
valves. The prisms resemble those m the lamellibranchiate shell, 
but differ in being much flattened, and in not being more or less 
perfectly hexagonal. The shell is in many species traversed by 
minute perforations, which are somewhat sporadically distributed 
amongst the class. Their size and number vary considerably, 
and there is no apparent relation between the diameter of the canals 
and their density of distribution. Of the recent species the canals 
are largest and most closely set in JFaldheimia Australis, the 
average diameter being gkth of an inch, and average distance 
from centre to centre ^jju of an inch. In Terebratulina caput- 
serpentis the distance from centre to centre is about the same, and 
the average diameter less than ^th of an inch. The canals are 
generally more or less funnel-shaped and simple : sometimes 
they are bifurcated, as in many of the Terebratulidoe, and in a 
few {Craniada) they are arborescent or ramified. In the living 
mollusc these canals, which pass through the shells, are occupied 
by csecal processes from the outer surface of the mantle. It is not 
known what the function of the cseca and perforations are. It 
is improbable that they are connected with the formation and 
growth of the shell, since they are absent in some croups ; their 
general distribution over the shell negatives the iaea that they 
discharge the functions of a liver. It has been suggested that 
they are offshoots from the great vascular sinus which occurs 
between the body of the mantle and its outer laver, and analo- 
gous to the vascular processes which pass from the tunic to the 
test of an ascidian, a view which is more or less supported as 
being consistent with our present state of knowledge, by Huxley, 
Owen, Woodward, and Carpenter. Mr. Quekett observed radiat- 
ing lines surrounding the apertures which he conjectured might 
represent cilia. So lar as the facts go they seem to us to be not 
inconsistent with the idea that these parts are subservient to the 
process of respiration. Perforated shells characterise all the 
species of some families, in others some of the species only pos- 
sess them, while in yet others this feature is entirely absent 
Thus they are present in all the TerdyraiviidoR; absent in the 



Rhynchorullid<Bf and present in some only of the Spiriferidas and 
Strophomenid^. 

Another portion of the shell which aflfoixls useful evidence as 
to the distribution of the soft parts, and the relation of one 
species to another, consists of the calcareous processes which 
spring from the hinge of the dorsal valve and are continued 
forward as more or less complicated loops amongst the Terebra- 
tulid(Ey and spires or whorls amongst the Spinferidce and Ehyn- 
choneliitifr. The spires are coiled in a lateral direction in the 
Spiriferidm, and in a vertical direction in the RJvpichonellida. 
They are believed to be present in all the SpiriferidcPj but there 
are many species of Rhyiichonellulm in which they are absent 
In all the groups with internal calcareous supports there may 
frequently be found near their origin at the hinge part of the 
shell two upwardly tending projections, as in Ta-ebratula, which 
mark the approximate position of the mouth. In some genera 
the processes are developed into loops, through which the oeso- 
phagus passes. When the position of these loops, arches, or 
projections, is observed, as also of the foremost muscular scar, 
and it is borne in mind that the great bulk of the organs, exclu- 
sive of the mantle and arms, is situated behind these, it will 
be seen how small a space is occupied by the digestive organs, 
and how much is appropriated by the mantle and arms. The 
digestive canal presents comparatively little difference through- 
out the class. It comprises a mouth leading into a narrow 
oesophagus, a simple stomach, and as simple an intestine. The 
mouth generally has a lower and an upper Up, and is situ- 
ated just at the base of the groove or canal which traverses 
the arms ; the lips are provided with a few muscles and glan- 
dular-like cells, but there are no rudiments of any dental appa- 
ratus, which indicates that no mastication of the food is required. 
In LiixgvXa the alimentary canal commences about the middle 
of the shell, and proceeds in a nearly horizontal direction almost 
to the back of the shell. It is reflected in the dorsal direction, 
and is bent forwards along the side so as to terminate between 
the mantle lobes. The faecal matter i^ there discharged to be 
carried away by the excurrent passages. There is a similar 
arrangement in Di^na; the only important difference being 
that the intestine is reflected ventrally m passing to the right 
side. In Waldkcimia the oesophagus takes an upward direction 
from the mouth, and passes into the stomach at its upper end. 
The stomach itself forms the downward portion of the arch, and 
the intestine is continued in the downward direction, but inclines 
somewhat backwardly, terminating just behind the adductor 
muscles. In Waldheimia flavescens, and a few other species of 
the articulate group which have been examined, no anal aperture 
could be detected ; so that the presence or absence of such an 
aperture appears to be another feature which distinguishes the 
brachiopods with articulated from those with non-articulated 
valves. The liver forms a coloured mass about the stomach, and 
is frequently the most conspicuous viscus ; in fValdheimia jUt- 
ve$ce)is, for example, it is three times more bulky than the 
stomach. In the last mentioned species the alimentary canal is 
short, and the stomach is wide, while in Lingula the same canal 
is very long, and there is no marked difference in the widths of 
the stomach and other parts. 

The following outline of the other systems is taken from the 
edition of Woodward's * Manual of MoUusca,' published in 1866 : 
— " The circulatory system is far less complex than was formerly 
supposed and does not greatly differ from the same system in 
the Tunicata, The heart is placed on the dorsal surface of the 
stomach, and consists of a simple imilocular pyriform vesicle, 
without any auricle. From it the blood is propelled through 
four channels to the oi^gans of reproduction, and to the mantle ; 
and its flow is probably assisted by a number of subsidiary pul- 
satile vesicles situated on the main arterial trunks. It Aen 
courses through the plexus of lacunes of the parietes into the 
system of visceral lacunes. It probably enters the liver, and 
ultimately finds its way back into the heart through the 
branchio-systemic vein. There is, however, another and more 
important blood current which traverses the whole length of the 
brachial canal and penetrates to the extremities of the ciiri, 
before it joins the current returning from the visceral lacunes 
and flows with it into the branchio-systemic vein. The blood 
which has passed through the brachial canal is far more hiffhiy 
oxygenated than the blood which has flowed through the p^al 
membrane. There seems to be strong evidence that tire so called 
arms are really the gills or respiratory organs of the mollusc 
They also serve to bring food to the creature's mouth by the 
means before noticed [or by the action of cilia which force the 
water along the gutter leading from the extremity of the amis 
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into the nioutlij. The mantle is an accessory breathing organ. 
It attains its highest development as such in Lingula, but even 
in this genus the brachial apparatus performs the chief part in 
oxygenating tlie blood. There is another system of canals which 
take their rise from the visceral cavity. What its function is 
has not been determined : it is not the blood system, as was for- 
merly imagined, and has no connection with it. The perivisceral 
cavity and the visceral lacuna) which diverge from it may, it is 
thought, be homologous to the water vascular system in Pohjzoa, 
the function of which is probably to evacuate the effete nitro- 
genised products which have been eliminated from the blood. 
Consequently it would perform the offices both of the kidney and 
the renal organs. The generative organs occupy the great ^allial 
sinuses, and probably both sexes are combinea in one individual 
In the articulated Brachiopods the ovaries and testes are placed 
in the mantle ; but in Lingula and Discina they occur m the 
perivisceral chamber. The ova escape into the oviducts (regarded 
by Cuvier and others as heai-ts), which open externally and have 
nothing to do with the vascular system. In KhyncJumeUa there 
are four oviducts, but in most if not all the other Brachiopols, 
there are only two. In Terebratulidcs they are divided into two 

Sortiona, called the auricle and ventricle by Professor Owen, 
[ature eggs have been found in large nimibers in the peri- 
visceral chamber and in the oviducts. Kecent DiscinoR often 
have minute fry attached to their valves, and Mr. Suess, of 
Vienna, has noticed a specimen of the fossil StringocepJuilus 
which contained numerous embryo shells. As yet we know 
little respecting the development oi the Brachiopoda, but there can 
be no doubt that in their first stage they are fi*ee and able to 
swim about until they meet with a suitable position. It is pix)- 
bable that in the second stage they all adhere by a byssus, 
which in most instances becomes consolidated and forms a per- 
manent organ of attachment. Some of the extinct genera (e. g., 
Spirifera and Stroplionuna) appear to have become free when 
adult, or to have fixed themselves by some other means. Four 
genera, belonging to very distinct families, cement themselves 
to foreign objects by the substance of the ventral valve. The 
nervous system exhibits a state of development but little supe- 
rior to what is found in the ascidians. No special oigans of 
sense have been detected. The red spots in the mantle, sup- 
posed by some to be rudimentary eyes and ears, are probably 
the glands situated at the base of the setas.^' 

A few other details may be added to this quotation. In some 
species the sexes are now known to be developed in different 
individuals. Professor Owen noticed that the generative organs 
of a number of individuals of fValdhumia flavesceru presented 
a manifest difference of texture and colour. Thus in some the 
oiigans were better defined, more compact, and of a paler colour : 
in others they were broader, more difl'used, and of a deeper 
yellow colour. On submitting them to a microscopic examina- 
tion it was discovered that ova only were developed in the indi- 
viduals with the broader and darker coloured organs, and sperm 
cells in those in which they were narrow and compact. 

Next we would notice the embryo brachiopod discovered and 
described by F. Midler. It was a small orbicular bivalved mol- 
lusc, in which the valves were similar in shape, but dissimilar in 
size, the dorsal being the larger of the two. The valves are not 
connected by a hinge, but at the part occupied by it in the adult 
is a small oval plate. The mantle is open all round, and has 
five pairs of stiff setae at its margin, four of which originate in 
the ventral half of the mantle. There are also a series of fmer 
setae on the margin of the dorsal lobe, which are cun'ed so as to 
arch over the ventral valve. The embryo is provided with a pair of 
auditory capsules, and a pair of eyes. The alimentary canal occu- 
pies the posterior half of the intervalvular space ; the anterior half 
being appropriated by four pairs of short cylin<lrical processes, 
supported on a common peduncle, and surrounding a knob 
benmd which is the mouth. The cylindrical processes are 
richly clothed with cilia, and their action enables the animal to 
swim freely through the water. During locomotion the mouth 
always occupies a forward position. As this embryo was found 
in swarms at Desterro, in Brazil, where a species of Crania is the 
only living brachiopod known, the embryo is supposed to apper- 
tain to that species. Professor Owen mis brieny noticed some 
embryo LinguUs in a still earlier stage of development ; and a 
more advanced embryo of the same genus has been described 
by McCrady, in the 'Proceedings of the Elliot Society of 
Cnarleston.' 

The classification proposed by De Blainville has not been 
adopted, and several other systems have since been drawn up. 
The following is an outline of a few of these. 



D'Orbigny grouped the Rudistes and Braahiopoda in the same 
class ; the p-eat bulk of the latter constituted ms oixier Brachio- 
poda brachidm; while Argiom and Thecidium were placed along 
with the Rudistes proper in his order BracJdopoda cinhidcc. This 
view has received little support. The Brachidm are arranged 
thus : — 

Fam. 1. Lingulidw. 

Genera : Lingula ; Obolus. 

Fam. 2. Calaolida. 

Genus : Calceola. 

Fam. 3. Productidcp. 

Genera : Pi-oductus ; Chonetes ; LeptdBna. 

Fam. 4. Orthuidce. 

Geuem : Strophomena ; Orthisina ; Orthis. 

Fam. 5. Rhifnchoaellidic. 

Geiiem : Hemithyris ; Rliynchonella ; Strigoce- 
phalus ; Porambonite.s. 

Fam. 6. Uncitidce. 

Genera: Uncites ; Atiypa; Pentamerus. 

Fam. 7. Spiriferidce. 

Genera : Cyitia ; Spirifcr ; Spiriferiiia ; Spiri- 
gerina ; Spirigura. 

Fiuii. 8. Magasidcp. 

Genera : Magas ; Terebratulina. 

Fam. 9. Terehratulidcc. 

Genera: Terebmtula ; Tei"el>ratella ; Terelni- 
rostra ; Fissurirostra. 

Fam. 10. Orhiculidce. 

Genera : Siphonotreta ; Orbicella ; Oibicu- 
loidea ; Orlncula. 

Fam. 11. Craniadw. 

GeiiiLs : Crania. 

Argiope and TJiecidium, which ai-e placed in his order Cirrhidcey 
should be admitted into the family TerebraUUidce. I)a\'idson con- 
siders that the Magasidce should also be merged in this family ; 
and that the Uncitida should be abolished, the eenera Uncites 
and Atrypa coming better amongst the SpiriferiacBj and Penta- 
merus amon^t the Rhynchonellidce. The Calceolidcs should also 
be abolished, since CaUeola is a coral. This leaves eight families, 
which approximate to the eight families into which Woodward 
grouped tlie class. The following is an outline of his arrange- 
ment, in which we have includetl the names of the sub-geneia 
in parentheses. 

Fam. 1. T&rebratulida;. 

Genera: Terebratula (Terebratulina; Wald- 
heimia ; Meganteris) ; Terebratella (Trigono- 
semus ; Lyra ; Magw ; Bouchardia ; if orrieia ; 
Kraussia ; ? Megerlia ; ? Kingena ; ? Ismenia ; 
? Waltonia ; Zelhmia) ; Aigiope ; Thecidium ; 
i Stringocephalus. 

Fam. 2. Spiriftridve, 

Genera : Spirifera (Spiriferina ; Cyrtia ; Sues- 
sia) ; Atnyris (?Merifita) ; Retzia ; Uncites. 

Fimi. 3. Rhtjnchonellidce, 

Genera : Rhynchonella (? Porambonites ; Cani- 
arophoria) ; Pentamerus ; Atrypa. 

Film. 4. OrUiidtc, 

Genera : Orthis (/Oitldsina) ; Strophomena 
(? Leptaena ; Koninckia) ; Davidsonia ; Cal- 

ceola. 

Fam. 5. Productidce, 

Genera : Productus (Aulosteges) ; Strophalosia ; 
Chonetes. 

Fam. 6. Oraniad^. 

Genus : Crania. 

Fam. 7. Discinidce, 

Genera : Disciua (Trematis) ; Siplionotzeta 
(i Acrotreta). 

Fam. 8. LvngulidcB, 

Genera : Lingula ; Obolus. 

In the follo^dng outline of Davidson's scheniA the sub-genera 
are placed in parentheses. 



175 



BRACHIOPODA. 



BRACHIOPODA. 



176 



"Fam. 1. Terehratvlida, 

Genera ; Terebratula (Terebratiilina ; Wald- 
heimia) ; Terebratella (? Trigonoscmus ; ? Tere- 
brirostra ; Megerlia) ; Kraussia ; Magas ; 
Bouchardia ; Morrisia ; Argiope. 

Fam. 2. ? Stringoceph^ilidce. 

Geniis : Stringocephalus. 

Fam. 3. Thecideidce. 

Genus : Thecidiiim. 

Fam. 4. Spiriferidce. 

Genera: Spirifer(?Spiriferina; ?Cyrtia); Athy- 
ris ; Spirigera (^Retzia) ; Uncites ; Atiypa. 

Fam. 5. ? Koninckinidce, 

Genus : Koninckina, 

Fam. 6. Rhynckondlidce, 

Genera : Rhynchonella ; Camarophoria ; Penta- 
merus, 

Fam. 7. ? Porarnbonitidce, 

Genus : Porambonites. 

Fam. 8. Strapliomenidas, 

Genera : Ortliis ; Orthisina ; Strophomena ; 
Leptoena. 

Fam. 9. ? Davidsomdce, 

Genus : Davidsonia. 

Fam. 10. Productidcs, 

Genera : Chonetes ; Strophalosia (? Aulosteges) ; 
Productus. 

Fam. 11. Calceolidce. 

Genus : Calceola, 

Fam. 12. Craniadxe. 

Genus : Crania. 

Fam. 13. Discinidie, 

Genera : Discina (Orbiculoidea ; Trematis) ; Si- 
phonotreta (Acrotreta). 

Fam. 14. LinguUdce. 

Genera : Lingula : Obolus. 

The following descriptions of the genera are compiled from 
Davidson's * Monograph of the British Brachiopoda,' vol. i. ; 
modifications are introduced at places in accordance with more 
recent information : — 

Family I. Terebratulidje. 

Animal fixed to submarine bottoms by a muscular pedimcle 
issuing from a perforation in the beak of the larger valve ; this 
aperture is partly surrounded by a deltidium in one or two 
pieces ; oral appendages entirely or partially supported by calci- 
ned processes which commonly assume the shape of a loop, 
variaole in form and dimensions, but always fixed to the smaller 
or dorsal valve ; shell structure always punctated. 

Terebratula. Llhwyd, 1696. — Shell oval, elongated, or trans- 
verse, externally smooth or plaited ; valves more or less un- 
equally convex ; margin even or waved : hinge line curved, 
beak short, truncated by a foramen, variable in size, and partly 
margined by a deltidium in one or two pieces ; loop short, con- 
fined to the posterior portion of the shell, and not exceeding 
much more than a thira of the length of the valve, simply at- 
tached to the hinge plate. The two riband-shaped lamellsB are 
soon united by a transverse lamella,'bent upwaros in the middle. 
The cirrated arms are supported by the crura «nd project con- 
siderably in front of the loop ; no internal septum in the socket 
valve. 

Terebratvlirm. D'Orbigny, 1847. — Shell generally longer than 
wide, and more or less ovaL Beak obliquely truncated by a 
foramen, which generally extends to the umbo ; deltidium small, 
and at times indistinct ; socket or dorsal valve less convex than 
the perforated one, exhibiting two variably developed auricular 
expansions ; surface striated or costellated ; valves articulating 
by means of teeth and sockets ; loop short, not exceeding one- 
third of the length of the shell, and rendered annular by the 
nnion of the oral processes in the shape of a shelly band. The 
cirrated arms are supported by the crura, and project consider- 
ablv into the interior of the shell ; structure punctated. 

IValdheimia, King, 1849. — Shell variable in shape, more or 
less circular, subquadrate, transverse, or elongated, with both 
valves convex, or with the smaller or dorsal one depressed or 



concave ; margins straight or waved ; surface smooth or plaited ; 
beak truncated, and perforated by a circular foramen of variable 
dimensions, partly completed by a deltidium in one or two pieces ; 
loop long, in general exceeding two-thirds of the length of the 
valve, formed of slender, shelly, riband-shaped lamellae simply 
attached by the crura to the hinge plate, and more or less folded 
back upon itself. The cirrated arms are partially supported by 
this appendage, and united throughout by a membrane, exactly 
as in the typical species of Terebratula, The valves articulate 
by means of teeth situated one on each side of the deltidium, 
supjwrted by plates, and fitting into corresponding sockets in 
the smaller or dorsal valve. In the interior of the smaller valve 
a prominent cardinal process or boss and hinge plate, with four 
depressions, occupies the space between the socket ridges, under 
which originates a central mesial septum, which extends more or 
less into the interior of the shell ; structure punctated. 

Terebratella, D'Orbigny, 1847. — Shell elongated or transverse, 
variable in shape : both valves regularly and unequally convex, 
or interrupted oy a longitudinal depression in the smaller valve ; 
beak truncated by an oblique foramen of a circular or oval fonn, 
and partly margined by a deltidium in two pieces, at times dis- 
united above the umbo ; beak ridges more or less defined, 
and in some cases leaving between them and the hinge line a flat 
or concave cardinal area ; external surface smooth or variously 
punctated ; hinge articulating by means of teeth in the larger 
and socketi in the smaller valve. In the interior of the dorsal 
valve, under the cardinal process and hinge plate, a more or lea 
elevated medio-longitudinal crest or septum extends to about 
half the length of the valve ; the loop is elongated and doubly 
attached, first to the hinge plate, and afterwaSds to the mesial 
septum, by processes given off at right angles near the centre of 
the valve, the remaimng portion soon after becoming reflected. 
The double impressions of the adductor are seen on either side 
near the mesial plate. 

Trigonosemus, Konig, 1825. — Shell inequivalve, oval, trans- 
verse or elongated ; dental valve always convex, smaller one 
moderately so, flat or longitudinally depressed ; l^eak produced, 
recurved, and truncated oy a small foramen originatmg at the 
summit of the beak, and extending on the opposite side to the 
area. This last is large, margined and carinated exteriorly ; the 
deltidium occupying less than a third of the surface, a small 
portion only edging the foramen ; external surface striated or 
variously costated ; hinge articulating by the means of teeth and 
sockets ; between the socket ridges a remarkable lai^e and pro- 
duced cardinal process or boss fills a cavity in the beak of the 
larger valve ; the loop is doubly attached, nrst near the base of 
the socket ridges, and afterwards to a short mesial septum before 
becoming reflected ; the adductor muscular impressions are 
deeply indented on either side close to the base of the septum. 

Terebrirottra, D'Orbigny, 1847.~Animal unknown. Shell 
more or less oval, inequivalve ; beak considerably elongated, 
almost straight, with a false area and narrow deltidium ; valves 
articulating oy the means of teeth and sockets ; internal aiian^ 
ments of the calcified supports of the arms unknown ; a mesial 
septum exists in the interior of the smaller valve ; cardinal pro- 
cess large andproduced ; external surface plaited. 

Megerlia, Kinc, 1 849. — Shell inequivalve, suborbictdar, trans- 
verse, or longitudinally oval; beak short, and truncated by a 
circular foramen ; deltidium small ; beak ridges well defined ; 
external surface smooth, spinulose, or covered oy fine radiating 
striae ; shell structure largely punctated ; hinge line sometimes 
long and straight, with the articulating teeth and sockets widely 
separate. In the interior of the socket or dorsal valve a slightly 
elevated medio-longitudinal septum proceeds from under the 
cardinal process or boss to less tnan half the lergth of the valve ; 
the loop is three times attached, first to the base of the socket 
ridges, afterwards by a horizontal process to near the extremity 
of tlie septum, and again by two additional processes departing 
from the reflected portion of the loop to the central septum. 
The cirrated arms are larce, their fringes extending to near the 
border of the shell ; on either side of the mesial septum are seen 
the double scars produced by the adductors. 

Kraussia, Davidson, 1852. — Shell subcircular, with a nearly 
straight hinge line ; beak truncated ; foramen large, round ; 
deltidial plates small, not imited ; beak ridges wSl defined, 
leaving a flat false area between them and the ninge maigin ; in 
most species a longitudinal depression exists in the smaller valve ; 
external surface smooth, or vanously plaited ; structui"e punctated; 
the dorsal pedicle muscles produce two wide egg-shaped imprcft- 
sions close to the hinge, and between the inner walls of die 
socket ridges a small, slightly elevated mesial ridge extends to 
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about Lalf the lenf^th of the valve, at the extremity of which 
arise two small forked diverging lamella;, expanded at their 
extremity. The cirrated arms are unuBiially small, their fringes 
not extending more than half way towards the border of the 
shell ; in the first part of their course from the mouth forward 
the cirrhi are few or wanting ; the whole brachial apparatus is 
supported by the small forked process above described, no other 
part of the apophysary system oeing calcified ; cardinal process 
or boss small. 

Magas, Sowerby, 1818. — Animal imknown. Shell small, 
inequivalve, more or less regularly oval ; beak truncated by a 
foramen extending to the umbo of the smaller valve ; surface 
smooth or slightly striated ; shell structure largely punctated ; 
apophysary system in the dorsal or socket valve composed of an 
elevated longitudinal septum reaching from one valve to the 
other, and to which are affixed two pairs of calcareous lamellae ; 
the lower ones are riband-shaped ; attached first to the liinge 
plate, they afterwards proceed by a gentle curve to near the 
anterior portion of the septum, to the sides of which they are 
affixed ; the second pair originate on either side of the upper 
edge of the septum, extenduig in the fonn of two triangular 
anchor-shaped lamelhe. 

Baucharctia, Davidson, 1849. — Shell of an elongated oval 
shape ; valves thick, and almost equally convex ; beak nearly 
straight, and truncated bv a small circular foramen ; no true 
area or deltidium ; external surface smooth ; structure punctated ; 
valves articulating by means of teeth and sockets. In the 
interior of the smaller or dorsal valve the socket ridges are lai^ely 
developed, extending to nearly a third of the length of the valve, 
and fitting into corresponding grooves in the dental valve ; the 
hinge plate or platform is large and massive, filling up the space 
between the socket ridges ; and from the extremitv of the um- 
bonal beak originates the cardinal process or boss, which assumes 
the shape of two deviating elongated crests grooved along their 
upper surface, and probably serving as an attachment to the 
caminal muscles ; pedicle scars are visible on the outer sides of 
these ; at the base of the platform above described a short mesial 
septum gradually arises, to the upper edge of which is affixed an 
anchor-like pair of lamellse, and close to the base of the septum 
was attachea the adductor muscle. In the dental valve a mesial 
ridge separates the large cardinal muscular scars placed on either 
side, and towards the centre of the valve a small ovate impression 
indicates the place of the adductor. The ventral pedicle muscles 
occupy a deep groove, which extends from the last-named scar to 
the extremity of the foramen, which is excavated in the substance 
of the beak. 

Morrisia, Davidson. 1852. — Shell minute, circular, depressed ; 
foramen large, round, encroaching equally on both valves ; 
large or dental valve with a small straight hinge area : 
deltidium plates minute, widely separated : valves articulating 
by means of teeth and sockets ; smaller or socket valve deeply 
notched at the umbo : apophysary system consisting of two 
branches, originating at the case of the dental sockets, and 
united to a small elevated process arising from the centre of 
the valve. Animal furnished with two subspiial or sigmoid 
arms, fringed with comparatively large cirrni : these arms 
originate beside the mouth, supported by the crural processes, 
and after passing forwards and converging in front of the mouth, 
they again turn outwards, each having the shape of the letter S : 
external surface smooth and largely punctated. 

Argiope. Deslongchamps, 1842.— -Shell semi-orbicular, quad- 
rate or transversely oval : valves imequally convex, smooth or 
variously costated : ventral or dental valve the deepest, beak 
produced, with a depressed triangular area : foramen large, 
completed by the umbo of smaller valve : hinge line straight : 
valves articulating by means of teeth and sockets. Interior of 
smaller valve famished with a central septum, and sometimes 
with one or more lateral septa radiating &om beneath the 
cardinal muscular prominence, and terminating at some distance 
from the mai^n in elevated processes ; apophysary system con- 
sisting of a distinct loop, originating at tne base of the dental 
sockets, and folded into two or more lobes occupying the inter- 
spaces of the radiating septa, to which they adhere on their 
inner sides : the labial processes or arms originate on the sides of 
the mouth, and diverge risht and left parsdlel with the margin of 
the shell, but at some little distance m>m it ; when they arrive 
at the raised septa, they turn inwards, forming one or more lobes 
on each side of the middle line, but on reaching the central 
septum they become perhaps free at their extremities. The 
mantle adheres closely to the sh^ll^ and is not seen except as a 
part of it 

NAT. HIST. DIV.— SUP. 



Sub-family Stringocephaudje. 

Animal unknown, attached during the greatest pait of its exis- 
tence by means of a muscular peduncle ; labial appendages sup- 
ported by a largely developed calcified process or loop : a mesial 
septum, small in the dorsal, large in the ventral valve. Cardinal 
process extending to the ventr^ septum : shell structure widely 
punctated. 

Strinaoctphalm. Defrance, 1827.— Shell transversely or longi- 
tudinally oval, valves imequally convex : beak acute, entire, 
and slightly incurved : area defined and divided in young 
individuals by a large triangular fissure, which is afterwards 
reduced to an oval foramen, entirely surrounded by a deltidium, 
and finally closed in some adult mdividuals : external surface 
smooth ; valves articulating by the means of a lai^e tootli, 
situated on either side of the deltidium, close to the hmge line, 
and fitting into corresponding sockets in the smaller valves. In 
the interior of the ventral valve a large mesial longitudinal septum 
extends to within a short distance of the frontal margin : this 
plate is thick at its origin and base, but gradually decreases in 
width while increasing in depth, as it recedes from near the ex- 
tremity of the beak. In the smaller or dorsal valve a massive 
curved cardinal process stretches to the opposite valve, where 
it clasps the ventral mesial septum with its bifurcated ex- 
tremity : near the base of this process in the dorsal valve a 
longitudinal septima arises ^smaller than that of the ventral 
valve), and which divides tne quadruple impressions of the 
adductor muscle: the socket walls are very much expanded, 
forming prominent hinge-plates curving inwards on each side of 
the cardmal process. The lower portion of the hinge plate 
supports the crura of the loop in the shape of two flattened 
stems or lamell®, which, after proceeding with a slight upward 
curve to near the extremity of the septum, are suddenly re- 
flected, and again approach the sockets before sweeping' sub- 
marginally round in the shape of a large wide loop, from the 
inner edge of which a number of smaller lamellae branch off and 



converge. 



Family II. — THECiDEiDiE. 



Shell generally thick, fixed to marine objects by the substance 
of the beak of the larger or ventral valve ; mantle adhering to 
the inner surface of the shell ; the oral processes united in the 
form of a bridge over the visceral cavity ; cirrated arms folded 
upon themselves, and supported by a calcareous loop or apophy- 
sary ridge more or less complicated in its details ; shell structure 
punctated. 

Thecidium, Defrance, 1828. — Shell tliick, subquadrate, tri- 
angular, oblong, or transversely oval ; dental or ventral valve 
most convex, partially or entirely attached to submarine bottoms 
by the substance of the shell of its larger or ventral valve ; 
beak straight or recurved with a more or less defined false area 
and pseudo-deltidium ; smaller or dorsal valve slightly concave 
or convex, likewise at times exhibiting a narrow false area ; 
external surface smooth or variously striated, the lines of 
growth passing uninterruptedly over the valves and false area ; 
shell articulated by means of teeth and sockets. Interiorly 
a thickened granulated margin generally encircles the valves, 
which, in the dental one, after reaching the front, extends in- 
wards in the shape of a roimded mesial ridge ; in the small free 
cavity of the beak, and beneath the deltidium, are seen three 
short elevated septa, the central one slightly exceeding the 
lateral ones ; under these are situated two smsdl contiguous 
elongated oval scars, probably due to the adductor, and, on the 
outer side of these, other two elongated impressions left by the 
cardinal muscles. The internal details of tlie socket or dorsal 
valve vary considerably both in species and age ; the cardinal 
process or boss is more or less proauced — the inner socket walls 
project considerably, and are connected by a small bridge or arch- 
shaped process ; the interior of the valve is more or less deeply 
ana regularly furrowed to receive a testaceous ridge folded into 
two or more lobes. This loop or apophysary ridge supports the 
brachial membrane, whose thickened and cirrated margin is 
apparently supported by the inner side of the sinuous grooves ; 
ammal small, with the mantle lobes disunited and adhering 
closely to the valves ; shell structure punctated. 

Family III. — SpiRiFERiDiE. 

Animal free or rarely attached by a muscular peduncle ; oral 
appendages largely developed and entirely supported by a thin 
shelly spirally-rolled lamella ; shell structure either punctated 
or unpunctated. 

Sp%ri/er, Sowerby, 1816. — ^Animal imknown; shell some-. 

N 
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what trigonal ; transverse or elongated ; inequi valve, with or 
without a mesial fold and sinus ; hinge line shorter or longer 
than the width of the shell ; cardinal angles obtusely rounded 
or extended into wing-shaped expansions ; external surface 
smooth, or variously costated ; shell structure unpunctated ; 
valve articulating by means of teeth and sockets ; beak straight 
or recurved ; area in ventral valve large or narrow, and nearly 
parallel-sided ; bent backwards, flat or concave, and divided by 
a triangular fissure, always more or less closed by a pseudo- 
deltidiura notched in the vicinity of the cardinal edge ; area 
in the dorsal valve nan-ow, often linear, and likewise divided by 
a wide open fissure, partly or entirely occupied by the 
cardinal process or boss. In the interior of the smaller valve 
the labial appendages were supported by calcified lamellae, 
assuming the shape of two large conical spires, which nearly 
fill the interior of the shell ; the ends of the spires arc directed 
outwards towards the cardinal angles ; the bases of the hollow 
conical spires nearly meet at the hinge-side, but are wide apart 
in front ; the hinge plate is divided into two portions, to which 
the crura of the spires are attached ; the crura are united, at 
some distance from the hinge, by an oral lamella ; the divisions 
of the hinge are hollowed, perhaps for the reception of the 
pedicle muscles ; the cardinal muscles were no doubt fixed to the 
cardinal process or boss, which is small, and situated in the 
notch of the hinge-plate ; imder it are seen four large elongated 
scars left by the adductors. In the interior ot the large valve 
a short hinge-tooth is situated on either side at the base of the 
fissure, supported by vertical shelly plates, which extend from 
the beak to the bottom of the valves, thus forming the fissure 
walls, and assuming various forms and directions in diflcrcnt 
species ; they are either small, regularly diverging, or converg- 
ing to diverge again, and extending a gi-eater or less distance 
into the interior of the valve ; between fliese a f^reat portion of 
the free space at the bottom of the shell is filled up by muscles, 
which are generally divided by a blunt longitudinal crest ; the 
adductor commonly producing a small lonpritudinal and mesial 
oval scar, and on either side of which are situated the cardinal 
muscles : pedicle impressions cannot be detected in this valve. 

Spirifenna, D'Orbigny, 1847. — Shell generally transverse ; 
valves unequally convex, with or without a mesial fold ; surface 
smooth or costated ; beak straight or recurved ; area commonly 
largely developed, and interrupted by a pseudo-deltidium 
notched in the vicinity of the cardinal edge ; shell structure 
punctated ; surface spinose ; hinge line commonly shorter than 
the width of the shell ; valves articulating by means of a strong 
cardinal tooth situated on each side at the base of the fissure, 
supported by strong, largely developed vertical shelly plates, 
and corresponding with sockets in tne interior of the smaller 
valve ; the space intervening between the dental plates in the 
interior of the ventral valve is occupied by the cardinal muscles, 
which are divided by an elevated mesial septum, wide and tliick 
at its base, but gradually tapering into the shape of an ovate 
blade, to the sides of which the adductor was, no doubt, fixed ; 
in the interior of the dorsal valve the shelly lamellae destined to 
support the cirrated arms assume the form of two large spiral 
horizontal cones. 

Cyrtia. Dalman, 1827. — Shell somewhat trigonal ; valves 
convex ; hinge line nearly as long as the width of the shell, 
articulating by means of teeth and sockets ; dental or ventral 
valve very deep, more or less pyramidal ; beak straight, or 
slightly recurved ; area wide and triangular ; fissure entirely 
covered by a convex pseudo-deltidium in one piece, generally 
perforated extremely close to the beak by a circular loramen ; 
sometimes this deltidium is longitudinally depressed along its 
centre, from the extremity of the beak to within a variable dis- 
tance of the cardinal edge ; at the extremity of this shallow 
groove is seen a small circular aperture, which up to a certain 
age afforded passage to pedicle muscular fibres ; the socket or 
dorsal valve is very slightly convex, and is supposed to have 
been furnished internally with spiral cones ; in the large valve 
a mesial longitudinal septum extends from the extremity of 
the fissure to within a short distance of the margin, and to the 
sides of which the dental plates converge and are united after 
having formed the fissure walls. 

Nucleospira. Hall, 1859.— Professor Hall's description is as 
follows :— Shell spheroidal or transversely elliptical, more or 
less gibbous or ventricose, furnished with internal spires, as in 
SpiTyer; hinge line shorter than the width of the shell ; car- 
dinal extremities rounded ; valves subequal, articulating by 
teeth and sockets ; ventral valve having the beak extended 
beyond the opposite valve, and beneath it a triangular depres- 



sion or area, which sometimes terminates in a shallow spoon- 
shaped pit, on each side of which at the base is a strong tootL 
A narrow ridge or septum extends along the centre of the inner 
side of the valve from beak to base. Dorsal valve furnished 
with a strong spatulate cardinal process, which, rising vertically 
from the cardinal margin, is closely crasped at its base by the 
cardinal teeth of the other valve ; and thence bending abruptly 
upwards, and expanding, is projected into the cavitv of the 
opposite beak, lying close upon the under side of the false area. 
This process is grooved or depressed in the centre of the upper 
side, so as to leave between it and the arch of the ventral beak a 
narrow space for the passage of a pedicle, for the protrusion of 
which a minute foramen is sometimes observed in the beak. From 
the sides of this process, above the junction of the teeth of the 
opposite valve, and at the point where it bends upwards, origi- 
nate the crural processes which support the spires. A deep 
cavity beneath the cardinal process extends to the dorsal beak, 
from which originates a thm elevated septum, running to the 
base of the shell Muscular imprints confined to a narrow oval 
space. Surface apparently smooth : under a lens, punctate ; shell 
structure dotted, and when perfect covered with minute hair-like 
spines. 

Athyris. McCoy, 1852. — Animal unknown ; shell of a vari- 
able shape, circular, elongated, or transverse ; valves more or 
less unequally convex, with or without a mesial fold and sinus ; 
beak apparently imperforated in the adult, incurved, and in 
general overlying the umbo of the smaller valve ; no area or 
defined beak ridges ; valves articulating by teeth and sockets ; 
external surface commonly smooth. In the interior of the larger 
or ventral valve, the dental plates are fixed to and along the 
sides of a longitudinal prominence or convex arcuate plate, 
which extends to less than a third of the length of the shell, 
with its narrow end fitting into the extremity of the beak, and 
its lateral diverging edges to the bottom of tne valve. In the 
free medio-longitudinal region, between the gradually declining 
base, or prolongations of the condyle plates, were situated the 
cardinal and adductor muscles ; this last has left a small elon- 
gated, heart- sliaped scar, under and along the outer sides of 
which are seen the much larger oval impressions of the adjus- 
tor muscles. The interior of the smalier or dorsal valve is 
partly divided by a large, deep, longitudinal septum, which 
extends from the extremity of the umbo to about two-thirds of 
the length of the shell, supporting at its origin the hinge plate, 
which is divided into two portions by a narrow, gradually 
widening channel ; to the socket edges are athxed tne spiral 
cones, the extremities of which are directed toward the latend 
margins of the shell ; on either side of the septum are seen two 
muscular scars formed by the adductor. 

Meristella, Hall, 1860. — In the * American Journal of Science 
and Art,' Second Series, vol. xxxvi. p. 11, Professor Hall de- 
scribes this genus as including the terebratuloid or athyroid 
forms which are ovoid and more or less elongated. The shells 
are sometimes elliptical in outline, and not imfrequently trans- 
verse or sub-circular. The valves are unequally convex, with or 
without a median fold and sinus. Beak of ventral valve more or 
less incurved (when closely inciu'ved it is apparently imper- 
forate), terminated by an aperture, the lower side of which may 
be formed by the umbo of the doi'sal valve, or by a deltidium. 
Valves articulating by teeth and sockets. Surface smooth, or 
marked by fine concentric lines of growth, not lamellose, and 
indistinct or obsolescent radiating stn^, which are usuallv more 
conspicuous in the cast or exfohated surface than on tlie ex- 
terior. Shell structure fibrous. The ventral valve is much 
thickened on each side towards the beak, and the rostral cavity 
is margined by flattened dental lamellae, which extend down- 
wards to the commencement of the muscular expansions, and 
terminate at the edge of the shell in blimt teeth-Iike processes. 
The muscular impression forms a somewhat broadly triangular 
depression in the valve just below the rostral cavity. In the 
dorsal valve is a strong hinge plate or process, the prominent 
part of which is broadly triangular, somewhat depressed or 
spoon-shaped in the centre, and supported below by a median 
septum, which reaches from one-third to one-half the length of 
the valve, and is marked on each side by deen dental fosseta, 
while the anterior angles are produced into tne crura which 
support the internal spires. Spires arranged in double conei^ 
with the apices directed outwards. From the lower lateral 
margins of the cardinal process or hinge plate there is a callosi^ 
extending beneath and anterior to the dental fossets, and joining 
with the thickened margin of the valve. It differs from Athyns 
in being smooth, not lamellose, on the exterior surface ; in the 
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cliaracter of the muscular impressions ; in the hinge line ; and in 
the rudimentary median septum. 

Eetzia. King. — It possesses a punctate terebratula-like shell. 
The beak is truncatecl by a round foramen, which is bounded on 
one side by a deltidium. Tlie hinge ai-ea is small, triangular, 
and well defined. The interior is provided with spires, arranged 
like those of Athtpris, 

Spirig«r<L D'Orbigny, 1847. — Animal imknown. Shell inequi- 
valve and variable in shape ; circular, subquadrate, elongated, 
transverse, globose, or depressed, with internal spires ; valves 
articulating by teeth and sockets ; beak short, more or less in- 
curved, and truncated by a small roimd aperture lying contigu- 
ous to the umbo of the socket- valve, or separated by a deltidium 
in two pieces ; no true area ; beak ridges more or less defined ; 
valves convex, and divided or not by a mesial fold and sinus ; 
surface smooth, striated or variously costated, and marked by 
numerous concentric lines of growth, sometimes produced con- 
siderably beyond the margin of the shell in the shape of foli- 
aceous expansions. In the interior of the smaller or dorsal 
valves, the hinge-plate presents four depressions or pits, which 
afforded attacmnent to pedicle muscles ; and close to the ex- 
tremity of the umbo, a small circular aperture appears at times 
to conmiunicate with a cylindrical tube, which, alter originating 
under the platform, extends longitudinally and freely, with a 
slight upwMd curve, to about a third of the length of the valve ; 
to the inner extremities of the socket ridges are affixed the spiral 
horizontal cones, with their extremities directed towards the 
lateral margins of the shell ; the crura appear to have been 
united before the lamellas commence their spiral coils ; no 
defined septum is visible along the bottom of the valve, but a 
minute rudimentary mesial ridge which divides the quadruple 
impressions of the adductor. In the large or ventral valve the 
dental plates are more or less developed, exhibiting on and close 
to their inner sides, impressions of the pedicle muscles ; the 
adductor leaves a sniall oval scar, separated by a minute mesial 
elevation, under and outside of whicn are seen two other larger 
impressions due to the cardinal muscles. 

tlndtts, Defrance, 1828. — Animal unknown. Shell oval, 
elongated ; valves nearly equally convex ; beak long, produced, 
tapering and incurved at its extremity, hollow and truncated in 
young specimens by a small oval ioramen ; no true area ; a 
large concave deltidium partly surrounds the apertui"e and ex- 
tends to near the cardinal edge ; the umbo of the socket-valve 
is considerably incurved and concealed by and imder the delti- 
dium of the other valve ; the sides of the beak as well as of the 
umbo become in some examples considerably deflected inwards, 
producing deep, lateral, elongated, concave depressions or 
pouches, opening externally, and not communicating w^ith the 
Ulterior ; valves articulating by means of teeth and sockets. In 
the interior of the smaller valve the calcified supports of the 
arms form two conical spires, attciched close to the socket walls 
by crural processes ; surface smooth or striated. 

Atry^CL, Dalman, 1827. — Animal unknown. Shell circular, 
transverse, or elongated, furnished with internal spires, valves 
articulatmg by teetn and sockets ; beak produced or incurved, 
and slightly truncated by a small openmg, separated or not 
from the hinge line by means of a deltidium ; false area at times 
well defined ; dental valve convex or almost flat, with a longi- 
tudinal depression or sinus ; socket valve convex, with or with- 
out a mesial fold ; surface smooth, striated, or vaiiously costated 
and imbricated by squamose lines of growth, often produced 
considerably beyond the margin, under the shape oi tubular 
spires orfoliaceous expansions; structure fibrous and impunctate; 
spiral appendages originating at the base of the socket walls, and 
forming two large hollow cones placed horizontally, with their 
apices directed inwards and towards the hollow of the same 
valve, which they almost fill ; the inner sides of the spires are 
pressed together and flattened, with their terminations close to 
each other near the centre of the bottom of the shell. In the 
interior of the socket valve the quadruple impressions of the 
adductor muscle are separated by a medio-longitudinal ridge ; 
the pedicle muscles were probably affixed to the two simdl 
caidmal plates. In the dental valve at the base of the teeth a 
Bemicircular ridge curves on each side, forming a saucer-shaped 
depression, open in front, and into which were implanted the 
eJiell and peaide muscles ; the cardinal muscles seem to occupy 
the largest portion of the depression, and to have been divided 
by an obscure mesial ridge ; oeyond these and a little higher up 
are placed the pedicle muscular impressions, and above the 
mesial ridge, nearer the beak, is seen the oval scar left by the 
adductor. The vascular impressions in the dental valve consist 



of two principal trunks originating on each side between the 
cardinal and pedicle muscles ; these soon divide into two pri- 
mary branches, which extend right and left almost parallel to 
the margin, givin^^ oflp, at variable intervals, Bnialler bifurcating 
veins, which are directed towards the edge of the shell. 

Family IV. KoNiNCKiNiDiB. 

Animal unknown. Shell free ; valves unarticulated (?) ; oral 
arms supported by two lamellae, spirally coiled. 

Koninckina. Suess, 1853. — Shell nearly circular, inequivalve, 
compressed ; larger or ventral valve convex or gibbous, with a 
slight longitudinal depression ; beak considerably incurv^ed, with 
auricular expansions ; smaller or dorsal valve concave, following 
the curves of the other ; surface sniooth : no area or deltidium ; 
valve unarticulated (?) ; in the interior of the dorsal valve a 
mesial ridge extends from the cardinal process to the frontal 
mai^n ; arms or oral appendages supported by a spiral calcified 
lamella (?). 

Family V. RHYNCHONELLIDiE. 

Animal free or attached by a muscular pedicle issuing from 
an aperture situated under the extremity of the beak in the 
larger or ventral valve ; oral api^endages spirally rolled, flexible, 
ana supported only at their origin by a pair of short curved 
shelly processes ; structure fibrous and impunctate. 

Ehynchondla. Fischer, 1809. — Animal free or attached to 
submarine objects by means of a pedicle ; visceral mass confined 
to a small space near the umbones, and sepamted from the 
general cavity of the shell by a strong aponeurotic membrane. 
The mouth is situated in the centre of this membrane, supported 
by the apophysary processes of the dorsal valve ; the upper lip 
is plain, the lower cirrated ; both are united at the sides of the 
mouth, and form lon^ appendages (or labial arms) coiled up 
spirally, with their ends directed inwards towards the cavity of 
the dorsal valve. The alunentary canal takes the same course 
as in Terehratula australis, passing through the deeply notched 
hinge-plate, and ending behind the point of insertion of the 
adductor muscle in the centre of the ventral valve. The pallial 
veins are much narrower than in Terehratula^ and more angular 
in the mode of bifurcation : there are four principal branches in 
each lobe, opening into large sinuses similar to those of Orthis 
and Strophomenaj but smaller in extent. The man^in of the 
mantle is fringed with a few short homy setas. The muscles 
are essentially like those of Terehratula: their im])res3ions are 
referred to in the description of the shell. Shell inequivalve, 
variable in shape, transverse or elongated, circular or trigonal ; 
valves more or less convex, with or without a mesial fold and 
sinus ; beak entire, acute, horizontal, or so much incurved as to 
leave no free space for the passage of the pedicle muscles ; fora- 
men variable in its dimensions and form, placed under the beak, 
exposed or concealed, entirely or partially surrounded by a 
deltidium, the apertiu^ being sometimes completed by a portion 
of the umbo of the smaller valve ; deltidium in two pieces, at 
times either extending in the form of a tubular expansion or 
rudimentary; surface striated or plaited, rarely smooth; structure 
fibrous, impunctate. Valves articulating by means of two teeth 
in the lai-ger (ventral) and corresponding sockets in the imper- 
forated (dorsal) valve ; apophysary system in smaller or dorsal 
valve composed of two short, flattened and grooved lamellae, 
separate and moderately curved upwards, attached to the 
deeply divided hinge plate ; in the socket valve the quadruple 
impression of the adductor muscle is clearly defined and sepa- 
rated by a short medio-longitudinal ridge ; the pedicle scars 
occupy the small cardinal plates, between which is the small 
and narrow cardinal process. In the perforated valve the two 
strong diverging cardinal teeth are supported by dental plates 
extending to the bottom of the valve, and at the base of these a 
semicircular ridge curves on each side, forming a more or less 
defined saucer-snaped depression, into which were aliixed the 
shell and pedicle muscles : these last leave two narrow elongated 
scars, close to the inner base of the dental laminae, the remain- 
ing and largest portion being chiefly occupied by the cardinal 
muscles, which are longitudinally divided by a small raised 
ridge ; above these again is seen a small oval scar due to the 
adductor. 

Gamarophoria, King, 1844. — Animal unknown. Shell of a 
subtrigonal* shape, with convex valves longitudinally divided by 
a ainus and mesial fold; beak entire, acute, more or less in- 
curved, under the extremity of which a small fissure is some- 
times exposed ; no area or deltidium ; surface generally plaited, 
with or without marginal expansions ; shell structure impunctate ; 
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valves articulating by means of teeth and sockets. In the per- 
forated valve the dental plates are conjoined at their dorsal 
margins, forming a trough-shaped process affixed to a low medio- 
longitudinal plate. In the smaller valve the space between the 
sockets is occupied bj a small cardinal muscular protuberance or 
boss, on either side of which two long slender processes curve 
upwards, to which were no doubt attached the free cirrated 
spiral fleshy arms ; from beneath the cardinal process a high 
vertical mesial septum extends to a little more than a third of 
the length of the valve, supporting aloug and close to its upper 
edge a spatula-shaped process, considerably dilated towards its 
free extremity, and projecting with a slight upward curve to 
nearly the centre of the shell. 

Pentamerus, Sowerby, 1313. — ^Animal unknown. Shell ovate, 
somewhat pentagonal, elongated or transverse, and articulated 
by means of teeth and sockets, rarely with any hinge line or 
area ; dental or ventral valve in general the most curved, with 
or without a mesial fold or sinus ; beak acute, entire, and much 
incurved, concealing a triangular fissure rarely exposed except in 
the young state, ana over which the umbo of the socket is greatly 
incurved ; no area or deltidium ; exterior smooth, striated, or 
ribbed. Inside the larger valve two contiguous vertical septa 
coalesce into one medimi plate extending irom the beak to a 
greater or less distance, and then diverge and form the dental 
plates, enclosing a triangular chamber of much smaller dimen- 
sions than the lateral ones. In the interior of the smaller valve, 
instead of a single median plate, there are two distinct longi- 
tudinal septa of variable dimensions (between which a small 
median ridge is occasionally foimd) ; to these the socket waUs 
converge and join, forming two more or less developed and in- 
clined plates, to the produced extremities of which were affixed the 
spiral cirrated arms. These plates often form a deep V-s^^^P^ 
chamber corresponding with the similar chamber in the opposite 
valve, and the edges of the two chambers are applied against 
each other, so as to leave a rhomboid cavity between them. 

Stricklandinia, Billings, 1859. — The following is the original 
description of the genus (' Canadian Naturalist and G^logist,' 
vol. iv.) : — Shell usually large, elongate oval, transversely oval, 
or circular, sometimes compressed ; valves nearly equal ; a short 
mesial septum in the intenor of the ventral valve, supporting a 
small triangular chamber beneath the beak, as in PerUamerut; 
* in the dorsal valve no longitudinal septa, spires, nor loop yet 
observed ; the whole of the internal organs (so far as is vet 
known), consisting of two very short or rudimentary socket 
plates, which bear prolonged calcified processes for the support 
of the cirrated arms. In all the species known the ventral 
valve has an area more or le» developsd. The valves articulate 
by teeth and sockets. 

Sub-family t — PoRAMBONiTiDiB. 

Animal unknown, but evidently attached, at least during a 
portion of its existence, by a muscular pedicle ; no calcified pro- 
cess for the support of the oral appendages, which were probably 
fleshy and spirally coiled. In the interior of each valve two 
diverging septa originate from within the beaks ; structure fibrous 
and impunctate. 

Porambonitu, Pander, 1830.— Animal unknown. Shell cir- 
cular, transverse, or elongated ; globose, sub-equivalve ; valves 
articulating by teeth and sockets ; beaks slightly unequal, rather 
more produced in dental valve, with a smaU area in each, gene- 
rally rudimentary, and perforated by a mesial elongated trans- 
verse fissure, which truncates the beak of the lai^ger valve before 
extending to the hin^ line; surface pitted, but the shell 
structure impunctate ; m the interior of larger or ventral valve 
the dental plates form two slightly elevated and diverging septa, 
extending to a greater or less distance along the bottom of the 
shell. In the other valve the socket plates form likewise di- 
verging septa, extending also to a variable distance. 

Family VL — STROPHOMENiDiE. 

Animal unknown. Some of the groups appear to have lived 
finee ; others were fixed during the uniole or a portion of their 
existence by means of a muscular pedicle ; no calcified supports 
for the arms, which were no doubt fleshy, and spirally coiled ; 
shell with a straight hinge line, and a low triangular area in 
each valve ; valves both convex, or with the dorsal or ventral 
one concave or convex ; shell structure fibrous or punctated. 

Ortiixs. Dalman, 1827. — Shell variable in shape, subn^ircular, 
or quadrate ; valves equally or unequally convex ; socket valve 
sometimes slightly concave, with or without a mesial fold or 
sinus ; hinge line straight^ generally shorter than the width of 



the shell ; both valves furnished with an area divided by a tri- 
angular open fissure for the passage of the pedicle fibres ; beaks 
more or kss incurved, that of the larger valve generally more 
produced ; surface smooth, striated, or ornamented by simple, 
oifurcated, or intercalated ribs ; structure minutely or largely 
punctated ; valves articulating by means of teeth and sockets, 
in the interior of the lai^r or ventral valve the vertical dental 
plates form the walls of tne fissure, and extend from the beak to 
the bottom of the shell ; between these a small, rounded mesial 
ridge divides the muscular scars which extend over two elonrated 
depressions, margined on their outer side by the prolonged bases 
of the dental plates ; the cardinal muscles appear to have occn- 

Sied the greater portion of the anterior division of these two 
epressions, the pedicle muscle occupyins^ the external and 
posterior part of the same space ; the adductor was probably 
attached to each side, and dose to the mesial ridge. In the 
socket valve the fissure is partially or entirely occupied by a 
more or less produced simple shelly process, to which were 
affixed the cardinal muscular fibres ; the inner socket waJls 
are considerably prolonged into the cavity of the shell, under the 
shape of projecting lammse, to the extremity of which free spiral 
fleshy arms may, perhaps, have been afilxed ; under this shelly 
process a longitudmal ndge separates the quadruple impressions 
of the adductor, which on each side forms two deep oval depres- 
sions, placed obliquely one above the other, and separE^ted by 
lateral ridges branching from the central one ; the paltial vessels, 
as well as their numerous minor bifurcations or veins, have often 
left impressions within the valves ; the principal trunks seem 
both more numerous and better defined in the socket valve ; 
after extending in a somewhat radiate or sub-parallel direction 
from the muscular scars to near the anterior region, they sweep 
round sub-marginally on both sides of the valve, leaving wide 
ovarian spaces, and ^ving off a series of stnaller branches. 

Orthinna, lyOrbigny, 1849. — ^Animal unknown. Shell semi- 
circular or subouadrate, with unequally convex valves ; external 
surface variously striated and marked by numerous concentric 
lines of growth, sometimes projecting in the shape of pectinated 
lamellar expansions ; shell structure impunctate ; hinge line 
straight, not ouite so long as the width of tne diell ; area double, 
larger in the aental valve, straight, or bent back at right angles 
to the valves ; the fissure in bom is entirely covered by a convex 
deltidium, which in the larger valve of a few species is per- 
forated near its extremity by a circular foramen ; the valves 
articulate by means of teeth and sockets. In the interior of the 
dental or ventral valve the muscular impressions occupy an area 
bordered by the raised ed^s of the dental lamellse, and divided 
by a short mesial ridge. In the interior of the socket or dorsal 
valve a longitudinal median ridge occurs, and the adductors, in 
the shape of two pairs of transversely oval scars, are placed one 
above tne other on each side of this ridge. 

VtrophomeTM, Blainville, 1825. — Anirnal unknown ; shell de- 
pressed, expanded, semicireular, subquadrate, transverse, or 
elongated ; external surface smooth, variously striated or cos- 
tateoL Hinge line straight, generally as long as the width of the 
shell ; dental or ventral valve convex or concave ; socket or 
dorsal valve following the curve of the other, the margin in 
some species being suddenly and abruptlv bent down when the 
shell is half grown ; area double, crenulated at its inner edges, 
and more developed in the dental valve ; fissiue in large or 
ventral valve partly covered by a deltidium, the extremity of 
the beak entire or perforated by a small circular aperture, which 
became closed at a more advanced period of the animal's life. 
In the socket valve the fissure is either partially covered by a 
deltidium or entirely occupied by a projectmg carmnal boss. In 
the interior of the dental valve, two widely diverging teeth 
articulate with corresponding sockets in the other valve ; the 
muscular impressions are more or less distinctly margined by a 
semicircular ridge continued from the base of the teeth, and 
curving on either side so as to produce a saucer-shaped depres- 
sion of variable dimensions. The cardinal muscles nx on either 
side the anterior portion of this cavity ; the pedicle muscles 
leave no definite scars, unless the external portions of the ' car- 
dinal muscular impressions' are due to them. The adductor 
lies close to a slightly elevated mesial ridge. In the interior 
of the smaller valve the cardinal process or boss is lai^ and 
divided into two pairs of adductor scars, which are frequently 
bordered by prominent ridges ; the vascular impressions consist 
of large primary vessels which run at once direct to the margin, 
following a somewhat radiate arrangement, or else the lateral 
trunks are greatly enlarged and reflected to sunoiind the ovarian 
spaces. 
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Streptorhynchus (King, 1850), is a sub-genus, the members of 
which have the shell ol a semicircular convex or concavo-convex 
shape, and the exterior surface striated and interstriatetl. The 
ventral valve has a twisted or bent beak. 

LepUena, Dalman (in part), 1827. — Animal unknown ; shell 
involute, semicircular, transverse, or elongated ; surface smooth 
or variously striated ; dental or ventral valve (always ?) regu- 
larly convex ; socket valve concave and following the curve of 
the other ; area double, fissure in the dental valve partly covered 
by a deltidium ; summit sometimes perforated by a small cir- 
cular aperture ; valves articuhiting by means of teeth and 
sockets ; in the interior of the dorsal valve the socket ridges are 
largely developed, the cardinal process or boss small, multitid, 
and connate with their bases ; the muscular impressions left 
by the adductor are large, produced and elongated, occupying 
more than two-thirds of the length of the valve, and bordered by 
well defined ridges. In the interior of the dental valve the 
muscular scars are small and not distinctly margined ; the 
adductor lies close to a slight mesial ridge, while tne cardinal 
muscles leave larger scars on either side ; vascular impressions 
radiating. 

Sub-family ? DAViDSONiDiE. 

Animal imknown ; shell fixed to marine bottoms (rocks, shells, 
and corals) by a portion of the dental or ventral valve ; hinge 
line straight, with a more or less developed false area and delti- 
dium in the attached valve ; no calcified supports for the arms, 
which were evidently fleshy and spirallv coiled. 

Davidsonia, Bouchard, 1849. — Shell transversely oval, with 
thick unequal valves, fixed to marine bodies by a portion of the 
surface of the ventral valve filling outward irregularities, but 
not reproducing the same internally ; the unattached portion of 
the dental valve rises abruptly, especially in front ; area more 
or less defined, and divided by a convex triangular pseudo-del- 
tidium, considerably notched at its inner margin ; upper or 
socket valve thick, slightly convex or concave ; external surface 
smooth, and marked bv concentric lines of growth which extend 
uninterruptedly over the rudimentary area. Valves articulating 
by means of strong teeth placed on either side at the base of the 
fissure, close to the hinge line, and corresponding with sockets in 
the upper valve. In the interior of the attached valve a hollow 
is visible under the pseudo-deltidium, affording space for the 
cardinal muscular process of the other valve ; between and below 
the dental projections are situated the muscular scars, which 
extend to about a third of the length of the shell ; these consist 
of two deep oval impressions left by the cardinal muscles, and 
divided by a broad, flattened, and sinuated mesial elevation, to 
which the adductor was possibly affixed ; the greater portion of 
the interior is occupied by two conical elevations projecting 
more or less beyond the level of the valve ; the lateral and 
frontal portions of these solid cones exhibit five or six semicir- 
cular or spiral projecting ridges, diminishing in surface and 
width as they approach the summit of the cone, but not dis- 
tinctly extending over the portion facing the cardinid edge, 
which is covered to its extremity with the same minute inden- 
tures or pimctures which are seen on those portions of the 
internal surface unoccupied by muscular scars ; the cones are 
separated by a longitudinal furrow or space, which blends with 
the raised border surrounding the interior of the valve. In the 
interior of the upper or dorsal valve, between the largely deve- 
loped socket walls and close to the hinge line, is situated a small 
cardinal process, under this the deep adductor impressions are 
seen lying in a semicircular depression ; in the anterior half of 
the thickened valve are excavated two conical hollows which 
correspond to the cones of the attached valves, and like them 
are separated by a rounded mesial ridge, united near the front 
to the raised border which surrounds the valve. 

Family VII. PRODUcnD-ffl. 

Animal unknown ; shell entirely free, or attached to marine 
bottoms by the substance of the beak ; valves either regularly 
articulated or kept in place by muscular action ; no calcified 
supports for the oral appendages, which were no doubt fleshy 
and spirally rolled. 

Chonetes. Fischer, 1837. — Shell ineauivalve, compressed, 
transversely semicircular, with a straight hinge line, commonly 
as long as the width of the shell, or prolonged in the shape of 
auricular expansions ; dental valve convex, depressed towards 
the cardinal edge ; socket valve always concave, following the 
curves of the other ; area distinct, almost equal in both valves, 
or larger and more produced in the dental one : the upper edge 



of the area in the larger valve is acute, and provided with a row 
of delicate spinose hollow tubes, varying in number in different 
species, and becoming gradually longer as they recede from the 
extremity of the beak, mverging obliquely from the hinge line ; 
fissure covered by a pseudo-aeltidium. In the socket valve the 
opening is entirely filled up by a projecting bifid or trifid car- 
dmal process : surface ornamented with minute, longitudinal, 
dichotomised, or intercalated striie, rarely largely plaited, but 
transversely marked by concentric lines of growth. Internally 
the valves articulate by means of teeth placed at the sides of the 
fissure of the dental valve, and corresponding sockets excavated 
on each side of the cardinal prominence already described. In 
the dental valve a small longitudinal ridge divides the muscular 
impressions situated on either side ; the cardinal muscles pro- 
bably occupied the greatest space, the adductor lying on either 
side close to the mesial ridge. In the socket valve a blunt medio- 
longitudinal ridge divides the quadruple impressions of the ad- 
ductor muscle, which forms on either side two oval scars, from 
between which (in some specimens) two short vascular impressions 
proceed in an outward oblique direction, when turning backwards 
and inwards they terminate at some distance from tneir origin. 
The interior of the valves is covered with minute granulous aspe- 
rities, arranged in longitudinal lines ; animal unknown, probably 
free, or attached in the young by fibres issuing from the fissure. 

Strophalosia. King, 1844. — Shell variable in shape, more or 
less circular, transverse or elongated, laiger or dental valve con- 
vex, smaller one concave and following the curves of the other ; 
surface ornamented by scattered tubular spines : beak often 
irregular, having been affixed by its substance to submarine 
objects ; a small well defined area in both valves, divided by a 
pseudo-deltidium : hinge line straight ; valves articulated by 
teeth and sockets, the former situated on each side of the base of 
the deltidium of the larger valve, and the latter on both sides of 
a cardinal muscular process of the socket valve. Internally a 
longitudinally raised ridge extends from the cardinal process 
to about half the length of the valve, on either side of which 
is seen a small ovate raised muscular scar ; the reniform impres- 
sions are rather large, their prominent outer edges issue from 
between the adductor scars, gradually arch forwards and out- 
wards on each side, then turn backwards for about half their 
length, and finally run inwards horizontally to meet each other 
near the extremity of the mesial septum. 

Aulosteaes. Helmersen, 1847. — Animal unknown ; shell of 
an irregular pentagonal snape, with its laiger or ventral valve 
by far the most convex ; beak produced, generally twisted 
either to the one or the other side, and furnished with a well- 
defined triangular area, longitudinally interrupted by a pseudo- 
deltidium not ^uite reaching to the hinge line, which is straight 
and not provided with articulating teeth ; smaller or dorsal 
valve slightly convex at the umbo, depressed or concave laterally; 
cardinal edge more or less developed ; surface of valves orna- 
mented by a multitude of short tubular spines. In the interior 
of smaller valve a large and produced trifid cardinal process 
extends under a portion of the beak and deltidium, filling up the 
uncovered portion of the fissure, and serving as a point oi attach- 
ment to the cardinal muscle ; under this process a longitudinal 
mesial ridge extends nearly to the margin, and on either side are 
placed the elongated ramified adductor scars ; the reniform 
impressions, after di\dding the above-named muscle, extend by 
an outward oblique curve to near the margin, turn abruptly 
backwards and inwards, and terminate at some distance from 
their origin. Under the adductor, more towards the centre of 
the valve, exist two elevations (perhaps brachial eminences). 

Productus, Sowerby, 1814. — Shell variable in shape, equi- 
valve, transverse, or elongated, furnished with lateral auricular 
expansions; large or ventral valve regularly convex, genicu- 
lated, or perpendicularly incurved ; hinge fine straight, com- 
monly shorter than the width of the shell ; area very narrow, or 
no true area, but the cardinal edge considerably thickened ; 
beak incurved. Smaller or dorsal valve concave, following the 
curves of the other valve. Exterior variously costated or 
striated, sometimes decussated by concentric lines of growth ; 
from the striae arise innumerable small closely packed tubular 
spines, especially abundant on the auricular expansions ; in 
other species they are few in number, large, strong, and irregu- 
larly scattered over the surface, or arranged in regular or 
irregular rows near the cardinal edge ; valves unarticulated, 
probably kept in place by the fibrous membranes and powerful 
muscidar system of the animal. In the interior of the larger 
valve a narrow mesial ridge separates the two elongated ramified 
muscular scars left by the adcluctors (?) (hepatic impressions of 
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V. Buch); immediately iiiuler, l)iit outside these, are seen other ' 
two very deep lonfjitiidinally striated, snbqiiarlrate impressions, 
probably formed by the cardinal muscles, and more or less 
widely separated by a mesial elevation or crest ; and lower 
down, more towards the centre of the shell, two other deep 
concave superficial depressions are visible ; the remaining 
inner surface of the larger valve not occupied bv the muscular 
scars is indented by a multitude of small cVepressions^ increasing 
in number under tne auricles ; in the centre of the hinge line of 
the smaller valve a prominent trifid cardinal process aiforded 
attachment to the cardinal muscles, under this a narrow longitu- 
dinal ridge extends to more than half the length of the valve, 
becoming more elevated towards its extremity ; on either side 
are seen the ramified scars left by the adductors, and corre- 
sponding to those situated in a similar position in the other 
valve ; each scar is double, the two portions being separated by 
the commencement of the great vascular trunks. Outside and 
in front of the muscular scars, are two elongated or reniform 
impressions ; their surface is smooth, and they are bounded by 
ridges, which, after dividing the adductors, proceed in an out- 
ward oblique, or almost horizontal direction, when, turning 
abruptly backwards, they terminate at a short distance from 
their origin ; between the vascular impressions, and close to the 
muscular scars, exist two prominences, one on each side of the 
cardinal ridge ; the internal surface of the smaller valve is 
covered with innumerable produced tubercles, ]jrotruding often 
in the shape of short spines, especially visible near the marginal 
portions of the shell ; no calcined supports for the arms, which 
were probably small and vertically coiled. 

Family VIIL— Craniad-«:. 

Animal fixed to marine bottoms by the substance of its lower 
or ventral valve ; arms fleshy, and spirally coiled ; no hinge 
or articulating processes ; upper or dorsal valve patelliform. 

Crania, Retzius, 1781. — Shell variable in shape, inequivalve, 
cireular, subquadrate, transverse, or elongated ; partially or ex- 
tensively attached by the substance of its lower or ventml valve ; 
rarely free ; upper or dorsal valve more or less conical, vertex 
subcentral ; no articulated hinge or ligament, the valves being 
kept in place by the action of four muscles, which pass in a 
somewhat oblique manner from one valve to the other; the 
attached or ventral valve is generally the thickest, with or 
without a straight more or less produced beak and false area. 
External surface smooth, spiny, or variously ornamented by 
radiating costae or foliaceous expansions ; the concentric lines of 
growth passing uninterruptedly over the valves and area ; struc- 
ture calcareous and tubular. In the interior four principal Bears, 
formed by the adductor muscles, are observable. The anterior 
pair are approximate, and placed close to the centre, behind 
which a prominence is sometimes visible in the ventral valve. 
The posterior pair are situate near the cardinal edge, and are 
widely separated. The muscular impressions of the attached 
valve are sometimes slightly convex, at others deeply excavated; 
those of the dorsal valve are convex, the centre pair sometimes 
developing very prominent apophyses. The interior of the 
attached valve is surrounded by a raised and thickened border, 
exhibiting the tubular shell structure in a conspicuous manner. 
The disk of each valve exhibits more or less distmct impressions 
of the vascular system, which is simply digitated. 

Family IX. — DisciNiDiB. 

Animal attached by means of a muscular peduncle, passing 
through the ventral or lower valve, a slit in the hinder portion, 
or a circular foramen excavated in the substance of the same 
valve. Arms fleshy ; valves unarticulated. 

Discina. Lamarck, 1819. — Shell circular, transversely or longi- 
tudinally oval ; upper or dorsal valve conical, patelliform, with 
the apex inclining towards the posterior margin ; lower or 
ventral valve opercular, flat or partly convex, and perforated by 
a narrow oval longitudinal slit, reaching to near the posterior 
margin, and placed in the middle of an oval depressed disk. 
Valves unarticulated, being kept in place by four thick adductor 
muBcles, passing rather obfiquely from one to the other ; surface 
smooth, ornamented by numerous striae radiating from the apex 
to the margin, or by concentric lines of growth, produced in the 
shape of foliaceous expansions ; shell structure, nomy, and per- 
forated by minute tubuli. In the interior of the perforated 
valve the musculai- disk is more or less prominent, and from the 
anterior extremity of the fissure a short longitudinal process 
arises. Four pairs of muscular impressions are visible on the 
disk ; the posterior snbmarginal pair are probably those of the 



sliding muscles ; the central four are the adductor scars, of 
which two lie on either side of the foramen, while the anterior 
pair are situated more towards the centre of the shell ; the fourth 
pair lie external to these. In the upper valve the posterior 
adductor scars are placed nearly horizontally, at a short distance 
from the margin, and are much smaller than the anterior pair, 
which lie obliquely near the centre of the valve ; there are no 
projecting processes in the interior of this valve. 

Orhkubidea, IVOrbigny, 1847. — Shell orbicular ; patelli- 
form, longitudinally or transversely ovaL Upper valve conicxil 
with the vertex close to or removed from the posterior margin ; 
lower valve conical or concave ; no pedicle disk ; ? a narrow oval 
or circular aperture, more or less confined in its shape, is situated 
in a furrow or depression. 

Trematis, Sharpe, 1847. — Animal unknown: shell somewhat 
depressed, suborbicular or transversely oval ; both valves slightly 
and unequally convex, giviM a lenticular form to the shell ; 
umbo of the upper or imperforated valve submai^nal, slightly 
projecting. Lower or ventral valve with a subcentral umbo, behind 
which a narrow oblong oval slit reaches to near the posterior 
margin, and aflforded passage to the pedicle fibres of attachment. 
Internal dispositions unknown ; a wide cardinal margin is visible 
in the imperforated valve. 

Siphonotreta, De Vemeuil, 1845. — Animal unknown. Shell 
oblong, oval, inequivalve ; valves unarticulated ; larger or ven- 
tral valve most convex with a straight, thick, perforated conical 
beak, more or less removed from the hinge hne ; foramen cii*- 
cular or elongated, opening on the back of the beak, and com- 
municating with the interior of the shell by a cylindrical tube 
or siphon, destined to afford passage to the muscle of attach- 
ment ; no area or deltidium ; each valve has a wide, crescent- 
shaped cardinal edge, covered by numerous horizontal lines of 
growth. Smaller valve slightly convex and depressed, the hinge 
line fonning an areh which merges imperceptibly into the lateral 
margins. Shell calcareo-comeous, with a distinctly punctured 
structure and arranged in tubular layers ; surface smooth, but 
presenting numerous lines of growth, and scattered or closely 
packed slender, hollow spines, dilated at their base, and some- 
what quincimcially arranged ; no calcified supports for the arms. 
Muscular impressions unknown. 

Acrotreta ? Kutorga, 1848. — Animal luiknown ; shell trian- 
gular, lai^er valve conical ; false area flat, and bent back at right 
angles to the maigin of the valve, longitudinally grooved along 
the centre and perforated at its extremity by a small circular 
aperture ; the lines of growth encircle the shell and pass uninter- 
ruptedly over the false area ; the smaller valve is almost flat and 
opereuliform, smooth, and marked by concentric lines of growth. 
Valves unarticulated 1 

Family X. — LiNGULiDiB. 

Animal fixed by a muscular peduncle passing out between the 
beaks of the valves ; arms fleshy, unsupported by calcified pro- 
cesses. Shell unarticulated and subequivalve ; texture homy. 

LingtUa, Brugui^re, 1789. — Shell thin, subequivalve, equi- 
lateral, more or less elongated, oval or subpentagonal, tapenng 
at the beaks, widened at the pallial region; valves unarticu- 
lated, held together by the adductor muscles ; both slightly con- 
vex, but depressed, beak of the ventral valve more pointed and 
rather exceeding the other in len^h ; surface smooth, or con- 
centrically striated, and covered by an epidermis. Animal 
attached to submarine bottoms by means of a long peduncle 
passing out between the beaks of the two valves ; no calcified 
supports; on each side of the mouth is situated an elongated 
suDspiral arm, fringed exteriorly with numerous cirrhL In the 
interior several muscular impressions are visible ; close to the 
beak are the conjoined depressions left by the pedicle muscle, 
under these, and laterally near the margin of the shell, exist 
two large impressions due to the decussating adjustor muscle, 
and towards the centre are situated two small oblique oval 
scars, caused by the posterior pairs of adductor muscles, which 
in the larger valve are divided by a blunt rounded projection, 
and in the smaller by an elongated mesial elevated crest ; 
under the last described impressions another triangular depres- 
sion was occupied by the combined extremities of the anterior 
pair; shell almost entirely composed of lamina) of homy 
matter perforated by minute tubuli. 

LinguUllay Salter. — Shell nearly equivalve, broad, oblong, the 
ventral valve pointed and with a distinct pedicle groove. Mus- 
cular scar strong, nearly as in Oholus^ but the pair of anterior 
occlusors are more linear, and the adjustors are small and not so 
outwardly placed as in Oholut, The form, as well as what is 
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known of the interior, is more like LingtUa than Obolus, but the 
arrangement of the muscles is more like that of Obolus. The 
anterior occlusors diverge widely and are linear; the central 
adjustors come nearly down to them, and the external adjustors 
are smaller and nearer the centre than those of Obolus, 
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Lingulella 
Obolella . . . 
Discina . 

Orthis . . . 
Lingitla . . 
Kutorgina . . . 
Obolus . 

Sipbinotreta . . 
I^ptiDna . 

Strophonicna . . 
Acrotreta. 

Crania . . . 
Orthisina 

Atrypa . . . 
lifefistclla 
Rbvnchonella . . 
Spirifera 

Pentomcnis . . 
Stricklandinia 
Pornmbonitea , . 
Chonetes 

Athyris . . . 
Retzia . 

Orbiculoidea . . 
Nuclcospira . 
Streptorliynchus . 
Spinferina 
Cjrtia . . . 
Terebratula . 
Merista . . . 
Uncites . 

Caraarapboria . . 
Davidsonia 
Productus . . . 
Stringocepbalus 
Bensselncria . . 
Strophnlosia . 
Thecidiura . . . 
Zellania . 

Argiope . . . 
Terebratulina . 
Waldheimia . . 
Terebratella . 
Megerlia . . . 
Terebrirostra . 
Trigonoeemus . . 
Magaa . 



Obolus, Eichwald, 1829. — Animal unknown. Shell subeqtd- 
valve, orbicular, equilateral, slightly transverse or elongated, 
depressed ; valves unarticulated, being held together by muscular 
action. The larger valve (ventral of Owen) is most convex, 
with a short obtuse or pointed beak, and wide flattened cardinal 
edge of false area, over which the semicircular concentric lines 



of growth of the surface pass uninterruptedly; the flattened 
cardinal edge is longitudinally grooved by a serai-cylindrical 
furrow, destined to atford room for the passage of the muscular 
fibres of attachment; smaller valve rather shorter than the 
other, slightly convex or almost flat, without any prominent 
beak or vertex, the hinge line forming a regular arch, and passing 
imperceptibly into the lateral margins; the cardinal edge ia 
likewise flattened and horizontally striated, but not interrupted 
by a mesial furrow; external surface smooth or irregularly 
sculptured by minute undulating wrinkles. Structure calcareo- 
corneous. In the interior of the larger valve, a narrow slightly 
elevated longitudinal ridge extends to about half the length of 
the valve, and four small oval muscular impressions are situated 
on each side near the cardinal angles, and tne other tsvo towards 
the centre of the valve, a little beyond the base of the mesial ridge. 

Obolella, Billings. — Shell ovate, circular, or subquadrate, 
convex or plano-convex. Ventral valve with a false area which 
is sometimes minute and usually grooved for the passage of the 
pedimcle. Dorsal valve either with or without an area. Mus- 
cular impressions in the ventral valve four, one pair in front of 
the beak near the middle or in the upper half of the shell, and 
the others situated one on each side near the cardinal edge. 
Shell calcareous ; surface concentrically striated, sometimes with 
thin, expanded, lamellose ridges. The shells resemble those of 
Obolus, out the muscular scars are aiTanged differently. In 
Obolus the central scars have the smaller extremities directed 
downwards and converging towards each other, but in OboUllok 
the arrangement is just the reverse. 

We do not propose to enter into details respecting the geolo- 
gical distribution of this class in Great Britain, since these will 
be given more or less fully in the geological furticles; but as a 
summary of what is known we give the annexed table, 
drawn up by Mr. Lobley. (' The Geological Magazine,' vol v. 
p. 498.) The genera are arranged in the order in which they 
first appear ; the figiu'es indicate the number of species recorded 
from each geological group ; and the asterisks denote that the 
genus is represented by living species. 

BREAM [E. C. voL i. cols. 666-667]. There are three species of 
the genus Abramis which abound in most of the rivers of the 
European continent, viz., A, brama; A. vimba; and A, bUcca, 
All of them extend far to the north, being recorded as natives of 
Finland by Dr. Malmgren. A, viilfiba is one of the commonest 
fishes in the March, Tlieiss, and other rivers of the great Hun- 
garian plain. The genus is of considerable interest on account 
of the reported native hybrids which have recently been dis- 
covered. Siebold has recognised five hybrid forms amongst the 
fresh-water fishes of central Europe ; in two of these one of the 
parent forms is an Abramis, These two hybrids have received 
various names ; but Jaeckel calls them Bliccopsis abramo-rutilusy 
believed to be a hybrid between Abramu blicca and Leuciscm 
rutilus; and Bliccopsis erythrophihalmoides, a hybrid between 
Abramis blicca and Scardinius erythrophthalmus. The Abramis 
Buggenhagii, or Pomeranian bream, is also considered to be a 
hybrid by some ichthyologists. The fact that in these as well 
as all the other cases of hybridism amongst fishes, the parents 
belong not only to different species, but even to different genera, 
ia remarkable. Are these really cases of hybridism ? If so, are 
the parents really genericallv distinct ? and if the first or both 
the questions are affirmatively established, is it consistent with 
the prevailing rules of nomenclature to distinguish hybrids by 
generic names ? 
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CAMBRIAN GROUP [E. C. vol i cok 727-728]. Geologists 
still differ from one another as to the rocks which they 
assign to this group. In this article we shall divide it into two 
portions, viz., the Lower Cambrian, comprising the Llanberis 
Slates and Hariech Grits ; and the Upper Cambrian, comprising 
the Lingula Flags, and the Tremadoc Slates. By many geolo- 
gists the term is restricted to what are here called Lower Cam- 
brian, while the beds above are assigned to the Lower Silurian. 

The Lower Cambrian is developed to a greater or less extent 
in Shropshire, North Wales, Scotland, Ireland, France, Bohemia, 
North America, and probably Australia ; and in all these coun- 
tries is mainly composed of inconstant alternations of grits. 



shales or slates, and conglomerates. There are large tracts in 
various parts of the world where these rocks appear to be en- 
tirely absent, and in them we find Silurian itrata sometimes 
with, sometimes without, an intervening conglomerate, resting 
tmconformably upon the subjacent Uuronian or Laurentian for- 
mations. These latter conglomerates are readily distinguished 
from those of the Cambrian group, inasmuch as they are alwajrs 
derived mainly or wholly from the rocks on which they rest, 
whUe the Cambrian conglomerates have little or no suck litko- 
logical resemblance. So far as geologists have surveyed it would 
seem that the area occupied Dy these Lower Cambriaa coarse 
sandstones and shales is far smaller than that oeeupied by rocka 
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of a newer age resting upon those of the Laurentian formation. 
The conclusion to be drawn is that the Lower Cambrians are 
local, and not universal. But not only are they restricted to 
certain areas, but the order of their accumulation in one area 
differs from what it is in others, even when they are close toge- 
ther. They are not much altered by metamorphism, and piu- 
tonic rocks are by no means abundant. Limestones are remark- 
ably scarce ; indeed, they may be said to be absent, for all the 
calcareous matter known in these beds consists of a few thin 
veins in Wales, and a narrow strip in Brittany. Phosphates, 
sulphates, and graphite also are seldom met with. In nearly all 
these points the Lower Cambrian differs from the Huronian. 
The latter consists largely of plutonic rocks, such as diorite or 
greenstone ; and of metamorphic rocks, such as gneiss and mica 
schist ; it contains several tnick bands of limestone, some of 
which are darkly coloured, probably by graphite. There is also 
an important diflerence in their stratigraphical arrangement. 
The Lower Cambrian passes confonnably into the Liugula Flags, 
but when these latter rocks rest upon the Huronian there is 
alwavs a break. On these grounds it is thought the Lower 
Camorian is a newer formation than the Huronian. No fossils 
have been found in the Huronian ; and but a few in the Lower 
Cambrian, viz., Arenicolites didymus, A. sparsa ; Histioderma 
Hihemica; and Hotightonia poscila, amielids ; PaUeopyge RarMayi, 
a Trilobite ; OMhcm/ia antiquay and radiata, sea-weeds according 
to Goeppert, and zoophytes according to other authorities ; and 
Chondrites^ a sea-weed in the opinion of some persons, but 
more probably the track left by bun-owing crustaceans. The 
annelids are represented by peculiar impressions resembling 
surface holes and burrows on the finer grained sandstones and 
shales. They are not unlike similar mams formed by the com- 
mon Lob worm {Arenicola) on modem sands. These shales are 
also marked witn what are considered to be wave marks, rain 
drop impressions, and sun cracks. The locality which has 
yielded the Cambrian fossils most abundantly is Bray Head, in 
Wicklow, and the neighbourhood. Oldhamia antiqtia is most 
frequently met with in the shales, and more particularly in 
those of a red or green colour at Bray ; of a brown or purple 
colour at Carrick mountain in Wicklow ; and in the orown 
laminated shales of Howth peninsula, Dublin County. It is 
less abundant than 0. radiata, does not occur in such dense 
masses as that species, and seldom in the same l:>ed. 0. radiata 
occurs at Bray Head, and at Greystones, but not at Howth or 
Carrick mountain. In some of the greenish grits overlying the 
Oldhamia beds of Bray Head, some tubular burrows have oeen 
found by Dr. Kinahan, which he says belong to a " tentacled 
sea worm, evidentlv cephalo-branchiate, and not very dissimilar 
from the common Lug- worm (Arenicola) of our present seas." 

In the character of many of the fossils, as well as of the strata 
in which they are entombed, the proximity of land is clearly in- 
dicated. The presence of these features singly would not perhaps 
prove much, but occurring as they do in conjunction, one lends 
support to the other, and thus increases the weight of the evi- 
dence. The wave marks, so called, by themselves tell us nothing 
more than that the particles of the sandstone or shale were at one 
time sufficiently mobile to respond to the undulating motion of 
some fluid (which may have been deep water, shallow water, or 
air,) passing over them. The holes may have been formed in 
deep water, or they may not ; and in either case they do not 
necessarily imply a contiguous shore. The rain drops may have 
been burst gas bubbles. But when we find the holes are usually 
situated on the sheltered side x>f the ripples, our suppositions lose 
much of their force ; for there are few localities which burrowing 
worms more delight to frequent than the reaches of sand or mua 
exposed between tide marks, and nowhere do their holes abound 
more than in the places where the watercollects, which is usually 
at the junction or the steep slope of one ripple with the shallow 
slope of the next. The presence of sun cracks implies an air- 
dried surface, but such surface might have been a sandbank in 
the middle of the ocean. The nature of some of the stmta, 
however, not only indicates a neighbouring land, but furnishes a 
clue where some of it was situatSi. Thus, in North Wales and 
South Scotland, the lowest Cambrians are sandstones and 
schists ; they are of a similar nature in the South of Ireland ; 
but in the North of Scotland they consist of sandstones, grits. 
and conglomerates : the conglomerates are largely developed, and 
form a Luge proportion of many of the highest hills in Suther- 
landshire, which were formeriy consider^ to be composed of 
Old Red Sandstone. Thev are of such an enormous tnickness 
that they must represent tne result of a very prolonged contest 
between the sea and land. They have been since then carved 



into eminences which form one of the most striking features in 
the scenery of the Scottish Highlands. They are excellent 
examples of the power of denudation, and if one feels awe at 
being looked down upon by the forty centuries of the Egyptian 
pyramids, how much must he feel humbled in the presence of 
these natural pyramids, which were constructed innumerable 
centuries ago. Their picturesque appearance may be partially 
conceived from Hugh Miller's graphic description of them : — 
** Rising over a basement of rugged gneiss hills, that present the 
appearance of a dark tumbling sea, we descry a line of stupen- 
dous pyramids, from 2000 to 3000 feet in height, which, though 
several miles distant in the background, dwarf, by their great size, 
the nearer eminences into the mere protuberances of an imeven 
plain. Their mural character has tne effect of adding to their 
apparent magnitude. Almost devoid of vegetation, we see them 
barred by the lines of the nearly horizontsd strata, as edifices of 
man's creation are barred by their courses of dressed stone ; 
and while some of their number, such as the peaked hill of 
Suilvein, rise at an angle at least as steep, and nearlv as 
regular, as that of an Egyptian pyramid, in height and bulk 
they surpass the highest Egyptian pyramid manv times. Their 
colour, too, lends to the illusion. Of a deep red hue, wliich in 
the light of the setting sun, brightens into a glowing purple, 
they contrast as strongly with the cold grey tone of the gneiss 
track beneath, as a warm coloured builmng contrasts with the 
earth-tinted street or roadway over which it rises." In Norway 
also the lowest Cambrians consist largely of conglomerates ; so 
that it is clear there was land at this time somewhere near the 
extreme north-west of Europe. 

The Upper Cambrians are far more abundant in organic 
remains ; and, therefore, each of its divisions will be noticed 
separately. The oldest of the two consists of the Lingula flags, 
which have been found in both North and South Wales. Their 
thickness is very great, being about 6000 feet in Merionethshire : 
2000 feet farther north near Llanberis ; and entirely absent still 
farther north in Anglesea, and on the Menai Straits. Farther 
south, at St. David^ in Pembrokeshire, these rocks are well 
displayed, and the succession, according to Mr. Salter, is as fol- 
lows : — Resting upon a considerable thickness of red and purple 
grits, intermixed with some sandstones, which are assigned to 
the Lower Cambrian, there is a thick mass of black shales. 
These represent the Lower Lingula flags. The shales are very 
uniform m their upper part, but contain much sandstone in the 
lower portions. They appear as though they had been deposited 
in deep water. The fauna comprises — Olenus catarractes, com- 
mon; 0, gibbosus, less common; Amostus, common; Paradoxuhs 
Damdis, common ; P. aurora and P, Hicksii, less common ; Xi/i- 
^2g//a,and ArwpoUnus Henriciy rare; Holocephaliiuif Microdiscits 
pwnctatus, Leperditia SolverisiSj Theca corrugata, and Protospongia 
fenesirata. Above these come the Middle Lingula flags, wliich 
consist of a thick series of hard light coloured sandstones 
with ripple markings, worm-tracks, and burrows, and other 
indications of shallow water. Here Lingulella Davisii and 
Hynienocaris are the common fossils ; while Olenus is rare. 
While the uppermost of all are the Upper Lingula flags j 
which resemble the lower flags in being composed of fine 
black shales. This series, however, is tnin, not exceeding 
300 feet in thickness. The shales are crowded with minute 
crustaceans, although shells are rare ; and appear to have been 
deposited in deep water. Here again Olenus and Agnostus are 
common ; but they are represented by species different from 
those in the Lower Lingula flags, and are accompanied by 
ConocephaluSy Dikelocephalus, and several species of uithis. In 
addition to these there are several species mentioned in the 
Catalogue of the Fossils in the Museum of Practical Geology, 
Jermyn-street, London, as belonging to the Lingula flags, but 
without indicating to what part of the series they Delon^. Alto- 
gether, the number of species found in these rocks m Great 
Britain exceeds 70. 

The following classified list will indicate its general character. 
It is drawn up from Sir R. I. Murchison's ^ Siluria,' and the 
several papers quoted at the end of the article : — 

Plants). None. 

Protozoa. 

Amorphozoa. 1 genus; 3 species. 
Protospongia diiSiisa. 
P. fenestrata. 
P. flabella. 

Coelcqtcrata. 

Actinozoa. None. 

llydrozoa. 1 genus; Buthotrephis. 
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Annulosa. 

Echinodermata. 1 genua; Protocyitit 
Annelida. 3 genera j 4 species. 

Cruziana semiphcata. 

Scolecoderma antiquissima. 

8. tuberculata. 

Serpulitea fistula. 

Crustacea. 17 genera; 49epcclet. 
Agnostus Davidis. 
A. princept. 
A. scutalis. 
A. trisectus. 
A. pisiformii. 
A. nodosus. 
A. obtusus. 
Anopolenus Henrici. 
A. oalteri. 
Calymene obtusa. 
Conocoryphe abdita. 
C. applanata. 
C. buio. 
C. dcpressa. 
C. humerosa. 
C. invita. 
C. simplex. 
C. ranolaris. 
C. micnira. 
C. WilUamsonii. 
C. longispina. 

C. bucepnala. 
Cytheropsis. 
Dikelocephalus celticus. 

D. discoidalis. 
Erynnys renulosa. 
Holoceplialina primordialis. 
Hymenocaris yermicauda. 
niamus Murchisoni. 
Leperditia punctatissima. 
L. solrensis. 
Microdiscus punctatus. 
Olenus alatus. 

0. catarractes. 

0. flagellifer. 

0. humilis. 

0. miorurus. 

0. pecten. 

0. scarabaBoidet. 

0. serratus. 

0. gibbosus. 

0. truncatuB. 

Parabolina spinulosa. 

Paradoxides aurora. 

P. Dayidii. 

P. Hicksii. 

Peltura scarabseoides. 

Sphierophthalmus bisulcatus. 

S. humiUs. 

Mollusca. 

PolysoA. 2 genera ; 2 species. 

Diastopora (?) consimilis. 

Dictyonema socialc. 
Brachiopoda. 6 genera ; 13 species. 

Discina labiosa. 

Eutorffina cingulata. 

Lingnla pygnuea. 

L. squamosa. 

Lingulella Dayisii. 

L. lepis. 

L. femiginea. 

Obolella Betti. 

0. maculata. 

0. sagittalis. 

Orthis flabellulus. 

0. lenticularis. 

0. Hicksii. 
Lamellibranchiata. j 
Gasteropoda. \ None. 

Heteropoda. ) 

Pteropoda. 3 genera: 5speoioe. 

Cyrtotheca hamula. 

Btenotheca comuspira. 

Theca eomigata. 

T. obtuia. 

T. penultima. 
Cephalopoda. None. 
Vcrtebrata. None. 



Altogether there are 34 genera and 78 species ; the relationship 
of whicQ with the Silurian fauna may be seen from the following 
analvBis, which is based upon Uie tables in Murchison's 
'SUuria.' 

Of the Amorphozoa none pass up. Of the Annelida^ Cruziana 
and Scolecoderma do not pass up ; ^erpulites fistula does not pass 
up, but four species of the same genus occur in the Llandovery 

NAT. HIST. DIV. — SUP. 



and Wenlock. Of the Cnutacea 8 genera and 3 species pass 
up. Thus Aanostus princejys passes up into the Llandeilo associated 
with two other new species ; two species occur in the Caradoc ; 
and one in the Ludlow. Calymene has 3 species in the Llandeilo, 
4 in the Caradoc, and 2 in tne Llandovery, which two continue 
on to the Ludlow. Conocoryphe has 3 representatives in the 
Llandeilo. Cytheropeu also occurs in the Caradoc. Dikelo- 
cephalus celticus passes into the Llandeilo and is associated with 
a new species. lUcenus has 1 Llandeilo; 7 Caradoc; 5 Llan- 
dovery, and 3 Wenlock species. Leperditia has a species which 
occurs in the Ludlow ana Passage beds. Olenus has 1 Llandeilo 
species. Of the Polyzoay one genus and one species passes up, 
VIZ., Diastopora which is represented by consimilis in the Llan- 
deilo, and irregularis in the Wenlock. Of the Brachiopoda 5 
fenera and 1 species j^ass up. Discina has 5 Caradoc and 6 
llandeilo species. Lingula has 5 Llandeilo, 4 Caradoc, 3 
Llandovery, 2 Wenlock, 6 Ludlow, and 1 Passage bed species. 
Lingulella lepis passes up into the Llandeilo. Obolella has 1 
Llandeilo species. Orthvs has 13 Llandeilo, 35 Caradoc, 19 
Llandovery, 12 Wenlock, and 3 Ludlow species. Of the Ptero- 
poda one genus, Theca. passes up, having 8 Llandeilo, 1 (?) 
Caradoc, 2 Wenlock, and 2 Ludlow species. 

Of the genera 12, viz., AgnostuSy Calymene, Conocorxmhe, Dike- 
locephalus, lUcenus, Olenus, Diastopora, Lingula, Lingulella, 
Obolella, Orthis, and TJieca pass into the Llandeilo; 8, viz., 
Agnostus, CcUymene, Cytheropsis, Illamus, Discina, Lingula, 
Orthis, and Theca pass into the Caradoc; 6, viz., Serpulites, 
Calymene, Illamus, Ling^ila, and Orthis pass into the Llandovery ; 
8, viz., Serpulites, Calymene, Illanus, Diastopora, Discina, 
Lingula, Orthis, and Theca pass into the Wenlock; 6, viz., 
Agnostus, Calymene, Leperditia, Lingula, Orthis, and Theca pass 
into the Ludlow ; and 2, viz., Leperditia and Lingula pass into 
the Passage beds. Hence it appears 36 per cent, of the genera 
pass up into the Llandeilo ; 23 per cent, into the Caradoc and 
Wenlock ; 17 percent, into the Llandovery, and about 6 per cent, 
into the Passage beds. Three species, namely, Agnostus princeps, 
Dikelocephalus celticus, and Lingulella lepis pass up mto tne 
Llandeilo, or about 4 per cent, and one species of Cytheropsis 
is said to pass up into the Caradoc, or rather more than 1 per 
cent. Hence it appears that the break in life is considerable as 
regards generic forms ; but almost total specifically. It should 
be borne in mind that in this analysis the term 'Llandeilo' 
embraces the Tremadoc slates. 

The formations which in foreign countries seem to correspond 
with the Lingula flags of England are the Potsdam sandstone of 
North America, the Olenus oeds of Norway and Sweden, the 
OUnellus shales of Vermont, and the schists containing Para- 
doxides at Braintreo and in Newfoundland ; but in the present 
state of our knowledge there is great difficulty in correlating the 
rocks of one country with those of another. The Potsdam sand- 
stone probably underlies all the Silurian and Post-Silurian rocks 
of North America. It is best seen on the borders of the exposed 
Laurentian area which lies just to the north of the United States, 
and dips southerly towards the south, and northerly towards the 
north. Its thickness is variable, and may be stated to be, on 
the average, about 300 feet This estimate, however, is not 
founded on any precise data; generally speaking it is thickest 
towards the boundaries of the United States, 'flius, near Lake 
Superior^ the thickness is 260 feet, and on the river St Croix, 
Wisconsm, it is 700 feet. Farther south, as in Iowa, it is rather 
more than 100 feet thick, but far away in the south, as in Texas, the 
thickness appears to have increased to 500 feet In the eastern 
parts, as in the region of the Appalachians, its thickness is also 
very great Where the sandstone is thickest the structure is 
more or less laminated, ripple-marked, and conglomerated; 
apparently indicating that the shallower waters were situated at 
these parts. It is also noticeable that the fossils are nearly 
always found associated with these apparent indications of 
shallow water ; and that these occur in tne vicinity of what was 




the more central of the United States is markedly different from 
what it is in the parts indicated ; this is well shown in Iowa, 
where it is exposed by fluviatile denudation along the upper 
Iowa river. In this district it is about 100 feet thick and 
almost entirely composed of pure silica. The impurities do not 
exceed } per cent, and the mat bulk of them consists of oxide 
of iron. The silica is in tne form of nearly spherical grains of 
the size of a laige jpin's head, which sometimes show imperfectly 
developed crystaUine facets. These grains are feebly held toge- 
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ther by a calcareous, ferruginous cement, bo that the sandstone 
readily crumbles down when rubbed between the lingei-s. These 
characters of Parity and friability are very prevalent in the 
Randstone of the Western States, and render it a good material 
for the glass manufacturer. The most characteristic features of 
this sandstone in Iowa are its freedom from argillaceous matters, 
the almost entire absence of conglomerate or pebble bands, the 
comparative rarity of lines of oblique deposition, lamination, and 
other signs of shallow water, and the rarity of organic remains. 
It has been stated that a few seams of clay occur, but these on 
chemical examination have proved to be purely calcareo-magne- 
sian in their composition. On the borders of the sandstone, where 
fossils occur, conglomeratic and laminated beds, together with 
oxide of iron, and carbonates of lime and ma^esia, are marked 
features. These facts seem to indicate that the central portions 
of the United States cover the area of the central ana deeper 
parts of the sea of the Potsdam epoch. 

The fossils are generally similar to, but specifically different 
from, those of the Lingula flags of Britain ; but at present we 
are not aware that anyone has serrated them into groups, as 
has been done with the British fossils. The characteristic genera 
are ArchcuocyathuSy Graptolithus, Lingula^ OboluSy Obolella, Orthi- 
sina, Theca, OphiUiay VonocephaluSy IHkelocephalus, Paradoxides^ 
Microdiscus, Arionelliis, and Agnostus, 

The Tremadoc slates are composed of dark, earthy slates, 
1000 feet thick near Tremadoc in Caernarvonshire. Mr. Salter 
has divided them into an upper and lower division based upon 
the palseontological evidence Imown to him, which was (in 1857) 
20 species in the upper division and 15 in the lower. In the 
lower division occur Psilocephalus innotatus, Conocoryphe depres- 
«iw, Niobe Homfrayi, Theca operculata. T. araUi, T, bijugosay Ogygia 
scutatrixy Linguhlla lepis; and in the upper division, AngeLhw, 
Sedgwickii, Ogygia scutatriz, lAngulella Davisii and lepiSy Agnostus 
princepSy Ampyx (? sp.), Asaphus Homfrayi, A, affintSy CheiruruSy 
Conocoryphe veTtata, C, ohmidtSy Olenus Sedgwtckii, Mytiloides 
linguUccomeSy Conuhria Homfrayi, Theca simpUxy T, cuspidatay 
T, arata, and BelleropJwn arfonensis. 

The lower members of the Taconic system of Emmons and 
of the Quebec group of the Canadian Surveyors probably cor- 
respond with the Upper Cambrian. [Quebec Group, E. C. S.] 

Sir Roderick I. Murchison's views as to the stratigraphical 
classification and parallelism of the strata here called Upper 
Cambrian are somewhat different from those indicated above. 
In the last edition of his 'Siluria' his opinions are expressed in 
the following table. The beds are separated from the overlying 
Lower Silurian strata uiider the term "Primordial" The 
species and genera mentioned refer to the American area only. 

Characteristic Fossils., 

'Polyzoa and corals of the genera iSf- 
tepora^ Ftilodictya {Stictopora), 
Jntraia {StreptelMtna) and Ch€B- 
tetet; with enorinites ; ZepttU' 
na ; Orthis; Atrypa; Maclurea 
magtta, Sealites ; RaphUtoma 
Murehisoniaf^e.; lUanut; Asa- 

V phua (?) ; liotelusgiaas. I. eanalit. 
Ophileta compaeta, 0. (r) (Maclu- 
rea) sordida; Maclurea maiutina; 
Turbo; and JPleurotomaria (?) 
Orthoeeras. 2 species ; Lin^wa 
prima^ ana antiqua ; Scohthua 
linearis ; Cruziana and seaweeds. 



Tremadoc slates. < 



lingula flags. 



Lower calciferous 

sandrock. 
Upper Potsdam 

sandstone. 



Lower Potsdam 

sandstone. 
St. John's group. 



(Bigsby, Q. J, Geol, Soc, xix., p. 36 ; Baily, Geoloqical Magaziney 
Sept., 1865; Hall and Whitney, OeoL Survey of Iowa. vol. 1; 
Lyell, Elements of Geology , 6th Ed. ; Dana, Manual of Geology, 
2nd Ed. ; Salter and Hicks, in several papers in Geological Maga- 
ziney vol. iii., and Q. J, Geol, Soc., vols. xix. xx. xxi. ; Salter, Q, 
J. Geol. Soc, XXV., and British Association Reports for 1865; 
Plant, Q. J. Geol. Soc. xxii. ; Murchison, Siluria, 4th Ed., &c.) 

CARBON [E. C. vol. i. col. 776]. Few elements present so 
manv points of interest as carbon. The sparkling diamond has 
its charms for the man of wealth and taste ; coal and anthracite, 
our principal magazines of force, are sought after by tie manu- 
facturer ; and graphite is in daily use by the student and the 
chemist The mineralogist and physicist is ever studying the 
varied forms and properties of carbon ; the geologist its strati- 
graphical and lithological distribution ; and the physiological 
chemist can scarcely carry out any inquiry without concerning 
himself more or less with this element Next to oxygen and 
silicon it is, perhaps, the most abundant of all the elements ; it 
is found, comDinea or uncombined, in rocks of every age, from 



the Lower Laurentian to those in actual formation ; and yet the 
evidence we have seems to show that probably all the free 
carbon formed during this inconceivable length of time owes its 
existence as such to the oieanic world. Before, however, enter- 
ing into any details as to the relations between carbon and the 
living creation, we would say something as to a few of its 
general physical properties* 

In whatever form it may occur it possesses the constant qualities 
of solidity and infusibility. The density is variable, and the order 
of the prmcipal forms, beginning with the lightest, is lamp-black, 
light wood charcoal, dense wood charcoal, coke, anthracite, graphite, 
and diamond. On examining the properties of these we should 
frequently find a gradation in their intensity corresponding, 
directly or inversely, with their density. Thus lamp-black 
combines readily with oxygen at a moderate temperature ; light 
charcoal requires a higher temperature ; and a lurther increase 
of heat is necessary to effect the same result as we pass from the 
less dense to the more dense, until, in the case of the diamond, 
the diflSculty is to obtain a temperature sufficiently great The 
same gradation is met with in their specific heats, that is, the 
quantity of heat required to raise a given weight by the same 
number of degrees. If the quantity of heat required for water 
be called 1, that required for wood charcoal will be '2416 ; that 
for graphite, '2008 (Regnault), '174 (Kopj)); and that for dia- 
mond, '1468. Other illustrations of a sunilar kind might be 
quoted to the same effect ; but it must be remembered that in 
some of their properties this gradation extends to some and not 
all the forms, as may be exemplified by their power of conduct- 
ing electricity, which increases with the density up to graphite, 
but is almost absent in the diamond. 

On referring to the action of heat on the various forms of 
carbon it will be seen that a given weight of carbonic acid may 
be obtained either by exposing a given weight of charcoal, say 
1 lb., to which a certain quantity of heat has been added, to an 
atmosphere of oxygen ; or 1 lb. of diamond, to which a much 
larger quantity of heat has been added. Since both are equally 
pure carbon, and the results are the same, the difference between 
them, whatever it may be, is representable by a certain quantity 
of heat. What, then, is there in heat that can possibly repre- 
sent this difference ? It would require a long article especially 
devoted to the point to enable us to give an adequate answer to 
this question ; but we will endeavour to indicate as briefly as 
possible the substance of what such an answer would be. As 
a general rule heat expands a body, and in so doing it dimi- 
nisnes the force with which its particles cohere together, so that 
the greater the cohesive power the larger is the quantity of heat 
required to counterbalance that power ; heat is an expansive or 
repulsive force, which acts in opposition to cohesive or attractive 
force. As the relation between heat and mechanical energy is 
well known, it would not be difficult to constnict a table shoe- 
ing the relation between the repulsive and attractive powers at 
different temperatures. A table of this kind relating to carbon 
would indicate that in the diamond the cohesive force is far 
greater than in graphite ; in graphite than in charcoal ; and so 
on. If, then, a larger quantity of heat be added to the diamond, 
its cohesive force is lessened and approximated to that of char- 
coaL But in addition to the repulsive and attractive forces 
acting on particles of a similar nature, there are similar forces 
acting between particles of a dissimilar nature, or rather be- 
tween particles of different elements. This latter kind of 
attractive force constitutes what is known as adhesion, solu- 
tion, and chemical affinity ; but at present the last is the only 
one that concerns us. The chemical affinity between two diffe- 
rent elements increases in strength in proportion as the tempe- 
rature is lowered, provided they are not acted on by otner 
disturbing forces ; or, what comes to the same thing, it increases 
with their density ; moreover, it only acts when the particles 
are brought to within a certain, but very minute, distance of 
each other. Applying these considerations to carbon and its 
combination with oxygen, we should say that at ordinary atmo- 
spheric temperatures the force binding the particles of the 
charcoal together is greater than the attractive force between the 
charcoal and the oxygen ; so that no action takes place. By 
applying heat we diminish the cohesive force of the charcoal, 
and at a certain temperature reduce it to less than the attractive 
force between oxygen and carbon. At this point combination 
takes place, and carbonic acid is formed. As anthracite is che- 
mically identical with charcoal, its greater density implies that 
its particles are held together by a greater cohesive power ; and 
consequently a greater quantity of heat or repulsive force must 
be imparted to it to enable the attractive force between anthra- 
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cite and oxyf^en to conic into play. And for a similar reason 
diamond requires a still greater amount of heat before it will 
combine witli oxyL'en. Tliia is a partial explanation stated in 
its simplest aspect, out an experimental solution of the question 
would oe far more complicated, in consequence of the modifying 
action of electricity and other physical forces of which no 
account has been taken. The main conclusion we would draw 
from these considerations is, that since diamond and grapliite 
require more heat than charcoal to enable them to act upon 
oxygen, a greater amount of force was expended in forming 
them. We will next endeavour, then, to ascertain how this 
force was probably applied. 

When carbon is separated from its compounds under the 
ordinary atmospheric pressure, it almost inyariablv assumes its 
least coherent and lightest form, viz., soot or lamp-black. When 
it is separated from a solution of one of its compounds, and is 
subjected to pressure at the time of its separation^ it generally 
takes the form of graphite. An example of this kind occurs in 
iion-amelting. Seveml tons of the iron are reduced to the fluid 
state holding carbon in solution ; as the mass cools the carbon 
is liberated, when under a pressure of several tons, in the form 
of flakes of graphite. A somewhat similar phenomenon occurs 
during the cooling of some of the liquors used for the manufac- 
ture of caustic alkaH. Several tons of fluid are acted upon in 
the same vessel ; the carbon is separated by the decomposition 
of some of its compounds, and rises to the surface of the 
alkaline fluid. As it gradually collects it forms a dark-looking 
scum on the surface. If a little of this be collected and washed 
with water and hydrochloric acid, it is seen to be composed of 
an extremely fine bright powder. This powder is incomoustible 
when heated by itself in a platinum crucible, and possesses all 
the properties of graphite. A few grains of charcoal are gene- 
rally mingled with the graphite, which readily bum when 
heated; probably these represent the carbon liberated near the 
surface under slight pressure. We have not the means of saying 
under ^shat circumstances the diamond is formed, since none of 
the numerous attempts made to obtain it artificially have suc- 
ceeded. In the majority of these trials recourse was had to an 
exceedingly high temperature under light pressure ; whereas, in 
our opinion, the process more calculated to eflect the object 
desired would be nigh temperature combiued with great pres- 
The employment of a high temperature for the purpose 
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of compressing a body may appear paradoxical, seeing tmit neat 
has a tendency to render bodies less dense and not more dense. 
This is the case when the bodies are free to expand ; but when 
a light solid is heated in a confined space containing a gas, the 
tension of the gas is increased, and its particles press with 
greater force against the solid, provided no cnemical action takes 
place and the gas is not liquefied. Thus, when a light charcoal 
IB subjected to a high temperature in a confined space its 
density is increased. 

In the formation of the natural carbons there is little or no 
evidence of an intense heat having been brought into operation, 
but there is, in almost every case, abundant actual or presump- 
tive evidence of their having been subjected to pressure accom- 
panied by a very moderate degree of heat. The geological 
distribution of the carbons has not been thoroughly studied. It 
may, however, be here stated that graphite is rarely found in 
the position in which it was originally deposited, but generally 
in sedimentary strata under circumstances which show that it 
has been derived from some older stratum. When it retains the 
position in which it was first deposited it always occupies part 
of the oldest series of rocks, such as the Laurentian series of 
America; and since the oldest rocks are usually those which 
have, or have had, the greatest thickness of rock above them, 
they are those which have, or h&\ e had, the greatest amount of 
pressure upon them. Although the evidence as to what this 
pressure has been is not readily attainable, we believe that its 
intensity is indicated by the quantity of heat required to dimi- 
nish the density of the carbon to what it probably was when 
first deposited, that is, about that of wood chaicoaL In the 
absence of any experimental data upon which to base calcula- 
tions, we will content ourselves with saying that, judging from 
density alone, we should estimate the pressure necessary to 
reduce charcoal to the density of graphite at about 370 atmo- 
spheres, or about 5300 poimds on the square inch. In the above 
remarks we have confined our attention chiefly to density, but it 
must not be overlooked that the diflerence between the native 
carbons cannot be wholly accoimted for simply by different 
degrees of pressure. They are derived from different sub- 
Btances; from different plants; and if from the same plants 



the proportions in whicli the specie.; entered into them varied. 
Further, they have undergone various kinds of treatment ; some 
occur under cii'cumstances which allow of the ready escape of 
the gases that may be evolved from them ; some are so placed 
that not only are the gases formed hermetically sealed, but their 
further evolution is checked ; in short, so manifold are the con- 
ditions, that they can rarely have been precisely the same ; and 
hence it is that two specimens of amorpnous native carbon are 
rarely absolutely similar. 

When the properties of the elements are studied it frequently 
hapipens that a simple relation is observed between the intensity 
of the property and the atomic weight. Tlus, for instance, is the 
case with the specific heat of the solid elements, which, when 
multiplied by the atomic weight, gives a nearly constant number, 
viz., about 6*4, but silicon, Doron, and carbon are exceptions. 
Berthelot suggests that it is owing to their density being greater 
than that of the other elements in proportion to their atomic 
weight. It is a well ascertained fact that in the same element 
the specific heat is diminished as the density is increased ; and 
carbon itself furnishes a good illustration of this, charcoal having 
a far higher specific heat than the diamond. The figures which 
have been given referring to the specific heat of most of the 
varieties of carbon are probably somewhat too high owing to the 
heat developed by the absorption of gases, water, &c., not having 
been deducted from the general result. This, however, does not 
affect the statement that the less dense varieties have a higher 
specific heat than the more dense. Regnault's results were '261 
for animal charcoal, '241 for wood charcoal, '209 for gas carbon, 
•202 for native graphite, '197 for iron graphite, and -146 for the 
diamond. More recently Kopp has obtamed results which are pro- 
bably more accurate ; his figures are '185 for a very dense gas car- 
bon, ^174 for a graphite from Ceylon, and -166 for an iron graphite. 
If, then, silicon, boron, and carbon be denser than the other ele- 
ments relatively to their atomic weights, we should expect that 
their specific heats would be less. On comparing the atomic 
weights, specific gravities, and specific heats of the elements, we 
find that carbon is relatively the aensest of all ; then follows boron, 
and probably glucinum and silicon w ould come next. The follow- 
ing table will perhaps indicate more clearly what is meant : — 



Substance. 

Carbon • . 
Boron . . . 
Glucinum . 
Silicon . . 
Copper . • 
Antimony . 
Gold . . . 



at. wt. 


Water= 11,178. 


Bp. gr, 

• 
• 

at, "wt. 


ap. ht 
Water = 1 


12 


39,346 


3262 


•146 


10-9 


29,398 


2770 


•25 


9 


23,473 


2608 


? 


28 


? 




•161 


63-4 


99,831 


1674 


•095 


122 


76,681 


628 


•0073 


197 


216,406 


1098 


•0047 



sp. ht. 

X 

at. wt 

1-76 
2-75 

? 
4-50 
60 
60 
6-3 



The first four on the list are the exceptional elements, while 
the last three are examples of the normal elements, or those 
whose atomic heats are about 6*4. We cannot place much 
reliance upon the more minute details of the table, since the 
specific gravity adopted is that of the heaviest varieties, and we 
are ignorant what was the actual specific gravities of the speci- 
mens which yielded the specific heats given. For purposes of 
minute comparison this is an essential point ; but it does not so 
much matter when the comparison is more general The degree 
of condensation of sold is about 1100, and its atomic heat 6*3 ; 
the condensation of Doron is 2770, and its atomic heat 2*75 ; and 
the condensation of carbon is 3262, and its atomic heat 1*76. 
Whether this is only a coincidence or not we do not know ; still 
there is an apparent relation between the degree of condensation 
and the specific heat. Thus the proportion between 1100, 2770, 
and 3262 is inversely as the proportion between 6*3, 2*33, ana 
1*96, which numbers come near the atomic heats given above. 
Probably there would be a still closer agreement if all the data 
were derived from the same series of specimens. 

Another remarkable property of car Don is its inertness when 
free, and stability at ordinary temperatures. If we compare it 
with the elements having an atomic weight near its own we find 
that most of them are gases, as, for instance, hydrogen, nitrogen, 
oxygen, and fluorine ; while others are so reieulily oxidized that it 
is difficult to obtain them in a free imoxidized state, as, for 
instance, lithium, sodium, magnesium, and potassium. This 

riveness, however, only belongs to carbon in its denser states, 
if placed under suitable conditions few elements have a 
greater affinity for each other than carbon and oxygen ; and it is 
probable that were carbon ordinarily as light as lithium, sodium, 
or potassium, it would be as rarely met with in the free state as 
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any of the metalloids mentioned. This eneiigy of combination 
is also indicated in the difficulty with whicn the compound 
formed by them, carbonic acid, is decomposed. 

Every property of carbon seems to act so essential a part in 
adapting it to the functions which it performs in nature that it 
appears to be a sign of ignorance when any of its properties are 
particularly referred to as specially adapting it for those functions. 
Nevertheless, we would fain dwell somewhat longer upon the 
powerful attraction between carbon and oxygen under certain 
conditions, and the absence of any attraction under other condi- 
tions, because this phenomenon^is a highly important link in the 
chain of effects and causes which constitute the material main- 
spring of life. 

When coal is burnt in an excess of oxygen it forms carbonic 
acid with the evolution of intense heat. The quantity of heat 
thus given out is estimated roughly at 8000 heat units, that is, 
the combustion of 1 lb. of coal would yield heat sufficient to 
warm 8000 lbs. of water from 32° to 33° '8 F., supposing none of 
the heat to be misapplied ; or, stated in another way, it would 
suffice to raise the temperature of 80 lbs. of water at 32° F. to the 
boiling point. Since tne proportion between carbon and oxygen 
is as 12 to 16, the weight of the carbonic acid formed by the 
combustion of 1 lb. of coal is 37j ounces. 

The heat that is given out during a chemical combination is 
capable, if applied either as heat, or mechanical force, or some 
other kind of euer^, of again separating the constituent elements. 
The mechanical force which corresponds to the 8000 heat units 
above mentioned is 11,420,000 ft. lbs. ; this quantity, therefore, 
represents the force with which the oxygen and carbon are bound 
together in 37 J ounces of carbonic acid. If, as is probable, all 
the carbon in existence has been derived from the decomposition 
of carbonic acid, the mind would fail to grasp the enormous 
expenditure of power necessary to the formation of coal only ; 
the figures, however, may be arrived at by multiplying 1 1 ,420,000 
fl. lbs. by the number of pounds of coal supposed to exist. The 
number obtained is so enormous that one is almost led to 
suspect that the agent which caused the separation must have 
been exceedingly energetic. It is difficult to believe that the 
combined action of sunshine and plants should be capable of 
effecting it, since the action proceeds so quietly and unobtrusively; 
and it is hai'd to believe that the effects produced during the 
calmest day by the sunshine and flowers can be greater than 
what could be done by all the noisy steam-engines in the world. 
Nevertheless, patient investigations have shown that it is so. 

So far as we know there is no active power indigenous to the 
earth which is capable of separating carbonic acid into its ele- 
ments at ordinary atmospheric temperatures ; the only agent 
which effects it on a large scale is the light of the sun aided by 
plants, but at present we are unable to say how it is done. Our 
knowledge of the probable way in which the compounds of 
plants are built up mdicates that some force is produced by the 
action of the light on the plant which entirely counteracts the 
attractive power of the oxygen for hydrogen and carbon, and at 
the same time enables the hydrogen and carbon to combine 
together. The articles Graphite, K C. S., and Diamond, 
E. C. S., may be consulted for additional details respecting 
carbon. 

CARBONIC ACID. The properties of this gas have already 
been stated under Carbonic Acid, E. C, A. & Soi. Div.; but so 
important an agent is it in the general economy of life, and so 
abundant in the atmosphere, volcanoes, and springs, that an 
article respecting it seems to bs requisite in this division. 

Carbomc acid is the most highly oxidized form of carbon, and 
one of the most stable compounds known to the chemist To- 
gether with water and ammonia it contributes to the maintenance 
and development of plants, and since plants are essential to the 
existence oi animals, these three compounds may be re^;arded as 
the principal material mainstays of the whole organic world. 
They are the primary ingredients in the food of plants, from 
which are elaDorated the extensive, varied, and complicated 
series of bodies which constitute the wood, sap, blood, fat, 
nerves, ligaments, &c., of all terrestrial life. So mtimately are 
the functions of carbonic add blended with those of water and 
ammonia that a fuU understanding of any one of these three 
compoomds (so far at least as concerns their relations to living 
bein^) can only be obtained by a consideration of alL This 
will be at once seen when it is remembered that carbonic acid, 
water, and ammonia are simple compounds ; that by processes, 
of which we have only a dim conception at present, the carbon, 
oxygen, hydrogen, and nitrogen contained in them are built up 
into more complex molecules, such as cellulose, lUAimite, sugar. 



starch, albumen, &c. ; that these complex molecules are assimi^ 
lated by animals, broken up again by them into simpler 
molecules, and finally converted into carbonic acid, water, and 
ammonia. All the phenomena of animals and plants are con- 
sequences of the changes which occur between the two ends of 
this series. In the building up of the molecules by the plants 
there is a large expenditure oi force derived directly from the 
sun, while the activity and power of animals is the utilization 
of this force as it is evolved during the conversion of the com- 
plex compoimds into their simpler forms. This is not the place 
to dwell longer upon these general ideas. Our object in alluding 
to them is to impress upon the mind the fact that all the carbon 
which enters into the composition of plants and animals was 
originally derived from carbonic acid, and that the whole of it 
will sooner or later be again converted into it 

Although carbonic acid is perpetually entering into and 
streaming forth from the ormimc world, yet it takes very little 
part in any of the changes \niich occur between the absorption 
of carbonic acid by the plant, and the exhalation of carbonic 
acid from the animaL But there is another sphere in which 
this acid is an important mainspring of change, viz., the 
inoiganic world ; and in which it acts more directly. 

The great bulk of the &ee carbonic acid on this globe is 
contained either in the atmosphere or in the water, so Uiat this 
acid may be considered to be almost universal in its range. 
In both media the quantity present is constantly varying, 
although within very narrow limits. In the atmosphere the 
extremes are from 3 to 10 parts by volume in 10,000 ; and the 
average about 4 parts ; in fresh water it may vary from almost 
nothing up to 1*5 per cent, by weight; and it constitutes about 
the 2000th part of the weight of sea- water at its surface, and about 
^th part of it at a depth of 350 fathoms; and probably a propor- 
tionately larger quantity at deptlis greater than this. In addition 
to this, we may here mention the exhalations of this gas, which are 
constantly issuing from volcanoes and fissures, and which, in the 
opinion of some authors, Bischof, for example, come from the in- 
terior of the earth. This last phrase is one repeatedly used in Bis- 
chof s * Physical and Chemical Geology ' (Cav. Soc. TnmsL). In 
most passages it appears to mean the roc^s situated beneath the 
surface ; so that tne source of the gas may in such case be only 
a few hundred or thousand feet down, but the general tenor of 
his remarks, more especially those on the atmosphere in 
Chap. X., seems to imply that the gas is evolved from much 
greater depths than this; and that it is an addition to the 
quantity already existing in the waters, animals, plants, and 
mineral substances. 

Whether this acid be a fresh supply or derived from 
compounds contained in the strata, the enormous quantities of 
it wnich are discharged into the air over immense areas of 
ground are certainly remarkable. In Germany, for example, 
there are innumerable carbonated springs all along the moun- 
tainous country which forms the southern boundary of the 
states of Prussia and Saxony, that is from the Eifelgebirge and 
the district round Lake Laach, on the borders of France, to the 
Riesengebiige in Silesia, comprising an area of nearly 700 miles 
in length. There are also many districts farther north, both in 
the highlands and in the lowlands^ which yield copious supplies 
of this gas. In some places, as, for instance, Bur]gbrohl, the soil is 
so permeated with carbonic acid that vegetation will scarcely 
grow upon it, that workmen have great difficulty in making 
excavations for buildings, that cellars cannot be entered, and 
that in certain depressions on the hill sides numbers of suffo- 
cated animals arc always to be found. Near the village of 
Wehr are a number of springs which have formed a large 
marsh, through the water of wmch the gas bubbles up with a 
noise that may be heard &om a considerable distance. Thou- 
sands of other instances could be cited ; but we have said 
enough to show that the quantity of carbonic acid evolved from 
the ground every day is something almost incredible, even 
when our attention is confined to Germany. But this phenome- 
non is remarkable for its long continuance as well as for its 
universality ; and doubtlesa it has lasted as long as the springs 
have flowed, which in many cases are known to be mucn the 
same now as 1800 years ago, and there is much reason to 
believe they may have flow^ incessantly for several thousand 
years. 

Where does all this gas come from ? Some have suggested 
that it is simply the carbonic acid absorbed by meteoric 
water while sinMiu^ through the soiL As such water would 
absorb the gas under ordinary atmospheric pressure, and as 
the carbonated springs also flow out under a similar pressure, the 



201 



CAEBONIFEROUS LIMESTONE. 



CARBONIFEROUS SYSTEM. 



2012 



maximum amount of gas in both cases should be nearly 
identical. But it is known that the volume of gas contained in 
the springs is three, four, or even seven times greater than that 
of the water when the gas is subjected to the ordinary atmo- 
spheric pressure. Since more gas comes up with the springs 
than is carried down by the meteoric waters, it is evident 
there must be some other source. There is, however, another 
point which seems to be an objection to this idea. The 
meteoric waters not only absorb carbonic acid, but also oxygen 
and nitrogen. It is very probable that all or nearly all the 
oxygen would be taken up in the work of oxidation, but no 
actions are known which would account for th& absorption of 
even one-fiftieth of the nitrogen. And yet the gases evolved 
from many springs contain very small proportions only of 
nitrogen, whereas, if the carbonic acid had been derived from 
the atmosphere in the way supposed, at least 90 per cent, of 
nitrogen would be expected. It is principally for tnese reasons 
that Bischof, as we have stated, derives a large proportion of the 
supply from some unknown unfathomable depths. 

CARBONIFEROUS LIMESTONE [Carboniferous Sys- 
tem, E. C. S.l 

CARBONIFEROUS SYSTEM [E. C vol. i. col. 776 ; Coal 
Formation, vol, ii. cols. 10 — 28 ; Mountain Limestone, vol. 
iii. cols. 918 — 920]. The various members of this group of strata 
are treated under several heads in E. C. as indicated above. It 
seems preferable to place the supplementary remarks under the 
present heading mainly on the ground of propriety and conve- 
nience. The lower portion of the formation is usually termed 
the Carboniferous or Mountain Limestone, because it so happens 
that in England its most remarkable feature is the great deve- 
lopment of calcareous beds, as, for instance, in Derbyshire and 
Yorkshire. When, however, the carboniferous limestone of any 
area is followed continuously over large horizontal spaces, it 
invariably becomes intermixed with impurities, interstmtified 
with argillaceous and arenaceous beds, and dwindles away, until 
the strata representing this epoch consist of little else than 
clays, sandstones, and grits. This phenomenon is not special 
to the carboniferous limestone ; for it is met with in the marine 
limestones of many other epochs, and a geologist should expect 
to meet with it in every age. The impropriety of calling the 
Lower Carboniferous formation by the term Carboniferous lime- 
stone is manifest when it is known that every limestone repre- 
sents a special set of conditions during a particular period over 
a certain area, and that it is represented on other areas by 
sandstones, marls, clays, &c. Thus, as we shall have occasion 
to mention presentlv, the limestones which were formed in the 
central part of North America during the earlier half of the car- 
boniferous period, are represented in the Appalachian moun- 
tains by detrital beds only. And further, the Upper Carbonife- 
rous formation consists oi the coal measures in eastern portions 
of the United States, while in the far west, as in the Rocky 
Mountains, it probably consists chiefly of limestone, althougn 
several observers call this the carboniferous limestone. The 
carboniferous formation will be here considered as consisting of 
a lower and an upper half, each of which will be treated sepa- 
rately. The lower half comprises the Lower Limestone Shales, 
or Yoredale beds, and Carboniferous Limestone ; and the upper 
half the Millstone Qrit and Coal Measures of England. 

Lower Carboniferous Formation. 

Limestones, doubtless, have various origins, and may indicate 
a fresh water area in one place and a marine one in another ; 
but wherever formed they usually seem to imply that their 
particles have been aggregated by the agency of living beings 
m the midst of a quiet untroubled environment. It is probable, 
as has been urged by many authorities, that by far the greater 
proportion of limestones, more particularly such as have been 
lormed beneath an ocean, have been deposited from, solutions by 
means of plants and animalfl. Such a fact will appear amazing 
to any one who gazes upon the craggy precipices of Derbyshire, 
and recollects that in that county there is upwards of 5000 feet 
of limestone. The performance of such a work must have re- 
quired the aid of myriads of creatures. Calcareous matter is 
being formed and deposited at all depths in the ocean ; but it is 
only in places where there is little or no detrital matter in sus- 
pension that the sea floor consists of calcareous ooze. As it is 
now, so we may believe it has been from the period of the 
Laurentian limestones to those of the carboniferous and subse- 
quent periods. Such localities as these are necessaiilv far from 
land ; and in the present state of physical geography this is 
tantamount to being in deep water. But it would oe hasty to 



infer that limestones are always the indications of a deep ocean 
at the spot where they were being formed : for it may well have 
happened that in some instances they were accumulated in 
shallow water in mid-ocean. The limestones, it will be seen, 
differ from ordinary sedimentary rocks in not being detrital and 
in being best developed in those localities to which no detritus 
is carried. Hence it happens that these two groups of rocks 
generally have an opposite relation to each other. Thus, if we 
start from a district m which the limestone was accumulated to 
a great thickness during a given epoch and follow it in the 
direction in which it diminishes, the strata will pass from thick 
beds to thin beds, from pure limestone to others which are more 
or less arenaceous or argillaceous ; and advancing still farther 
the sands, clay, &c, gradually increase, and ultimately prevail to 
the exclusion of the calcareous matter. Illustrations aoound in 
the lower carboniferous formation. In Derbyshire the lime- 
stone is estimated to beupwartls of 6000 feet tiiick; in Lancashire 
and North Yorkshire it is 1600 feet ; on the Scottish borders 
there are only 500 feet of limestone in the lower carboniferous 
series ; in the Lothians 162 feet ; and in Fifeshire we seem to 
have attained the calcareous limits. While, however, the lime- 
stones have been diminishing there has been no diminution in 
the thickness of the strata of the period ; for it is more than 
compensated for by an increased development of sandstones and 
detrital strata. The materials composmg them appear to have 
drifted from the north and west, and it is probable that their 
source was a large continent situated in the rf orth Atlantic. If 
the limestones are followed in a southerly direction, they are 
found to diminish rapidly in thickness, and to rest on the older 
rocks of Chamwood Forest, or to disappear entirely before reaching 
Warwickshire and South Wales. The place of the limestone is 
not supplied by any other material, so that this, in conjunction 
with corroborative evidence of another character, indicates 
that portions of Leicestershire, Warwickshire, South Stafford- 
shire, and South Wales, constituted a land surface at this 
l)eriod, probably as islands. Mr. Hull considers they formed 
a barrier separating the northern parts of England from the 
south. The calcareous limit in the south of England was on 
the areas of Pembrokeshire and Devonshire, and the limestone 
increased towards the east The detrital rocks, on the other 
hand, increase from east to west, so that the source for their 
material lay in the west. 

Crossing the channel into Belgium we find that the country 
round Namur is another region where the lower carboniferous 
series consists mainly of calcareous strata. Dupont has divided 
them into six assises, or zones, and has pointed out their litho- 
logical and palsDontological peculiarities. Without admitting 
that his zones are necessarily of more than local value, we shall 
follow his description as it has a bearing upon the remarks 
already made. The Assise d!Etroeungi is the lowest and rests 
conformably upon Devonian strata. It consists of a dark com- 
pact limestone crowded with the fra^cnts of crinoids, which is 
more or less interstratified with argillaceous schist. The schist 
is best developed near the base, where the limestone is frag- 
mentary, spotted, and traversed by numerous veins of calcspar. 
Near the middle the limestone occurs in thicker beds, while the 
schists are few and far between. Near the top the limestone is 
interstratified with phthanite, and approaches a dolomite in 
character. The average thickness of tne zone is about 500 feet, 
and the large proportion is calcareous. Next follows the Assise 
(PAvesneUeSf wnicn consists of a compact grey limestone, a dolo- 
mite, and a compact black limestone. The Assise de Taumay is 
principally limestone. It is generally siliceous, sometimes argil- 
laceous. Its colour varies from pale grey to deep blue, and its 
thickness is about 300 feet The lower part of the zone consists 
usually of a dark ^y limestone, which is sometimes crystalline. 
The upper part is a bluish granular tough limestone. The 
Assise de Ivaulsort consists of a granular pale limestone. In 
its lower portion there are numerous geodes lined with crystals 
of calcspar ; but there are none in the upper portion, which is 
more compact than the lower. The Assise de Namur is formed 
of dolomite alternating in places with bands of pure limestone. 
The Assise de VisS commences with a grey limestone passing 
into white. It possesses a subconchoidal fracture, and is much 
traversed by veins of transparent calcspar. It is surmounted 
by a dark grey limestone in which Prodnctus gigantetu attains 
its maximum. Towards the top there are some bands ol 
dolomite ; and the highest portion is a breccia, formed of lime- 
stone cemented by an argillo-calcareous and usually ferruginous 
matter. This brecciated structure is chaiacteiistic of this zone, 
being seldom met with in any other. 
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These zones are best developed in tlie south, and in passing 
north from Florennes the lower ones are overlapped by the 
higher, indicating that the calcareous matter spread farther 
towards the later portion of the period represented by these 
strata than at the begiiming. The lowest beds, as we have 
noticed, are schists or shales ; and if these are followed towards 
the north-east they thicken, while the overlying limestones 
diminish. When traced to Westphalia, on the opposite side of 
the Rhine valley, the coal measures there rest on shales and 
sandstones, which represent the lower carboniferous beds. 
These beds also die out towards the north-east, in which direc- 
tion there was evidently land. This is confirmed by the mode 
of occurrence of the coal formation in Bohemia and Bavaria. 
It occurs in small isolated basins, some of which appear to have 
been the sites of ancient bogs. In the region round Prague and 
Pilsen the upper carboniferous rocks rest upon Silurian and 
older strata, to the entire exclusion of any beds representing the 
carboniferous limestone. It was either an island or an outlying 
portion of the land which existed at this time in the north, as is 
evidenced by the numerous stratigraphical breaks in Scandi- 
navia and the high northern latitudes of Europe, where the 
carboniferous formation is unrepresented. 

The State of Iowa represents in North America the set of 
conditions which prevailed in Derbyshire and Belgium ; but the 
stmta have most resemblance to those of Belgium already 
noticed. The Devonian sandstones and limestones are succeeded 
by the carboniferous limestones. These have been divided into 
groups, each group having a distinctive name. The Burlington 
limestone is the lowest. Its thickness diminishes towards the 
> north, and increases towards the south. This feature is pos- 
sessed by the other limestones. It has been further noticed that 
the northern limits of the younger beds lie south of those of 
the older and underlying strata ; and that while the lower beds 
augment in thickness for a certain distance south, and then 
decline when traced further in the same direction, the higher 
beds possess their maximum of thickness further south man 
the localities where the lower limestones are thinning out The 
Burlington limestone has a semi-crystalline structure ; a gre^, 
brown, and sometimes white colour ; and is frequently friable m 
texture, from being composed almost entirely of crinoidal frag- 
ments with insufficient cementing material to cause them to cohere 
firmly. This feature is most conspicuous in the lower beds : higher 
\rp the cnnoids are not so abunoant, the beds become white, the 
shells of Spirifer^ Productus, and other brachiopods are more pro- 
fuse, and the stone itself far more compact. This is the Encrinital 
Limestone of Dr. Owen and Professor Swallow. Next follows the 
Keokuk or Lower Archimedes limestone. It is a srey or bluish-c^rey 
compact encrinital limestone, the beds of which are separated by 
shale partings. It thins out northward, and before its termina- 
tion is quite subordinate to the argillaceous and arenaceous 
beds with which it is associated. At Keokuk this limestone is 
compact and heavy bedded ; farther north it splits up readily into 
thin slabs, although no shalv matter is visible ; but still farther 
north the shales set in. Above this follows (at Keokuk) cal- 
careous shale or marl, which abounds with geodes of quartz and 
calcedony, and is hence termed the Qeode bed. The Warsaw 
or Second Archimedes limestone succeeds. It is a dolomite 
below, a shaly arenaceous limestone in the centre, and a yellow 
coarse calcareous sandstone above. South of Keokuk the 
arenaceous beds above, and the dolomitic layers below, gra- 
dually disappear ; while the central members alone spread over 
a large area in Iowa and the states bounding it towards the 
south. The St, Louis limestone follows next. At Keokuk it has 
a brecciated concretionary structure, which is a frequent feature 
in limestones where they thin out In some places in Iowa it is 
a compact grey limestone, alternating with bands of a compact 
ash-coloured limestone ; wMle south of this state it rarely 
presents the brecciated structure: This is the highest portion 
of the lower carboniferous series in Iowa. Farther south, as 
at Kaskaskia, in Illinois, the St. Louis limestone is covered by a 
ferruginous sandstone ; and this is succeeded by the Kaskawia 
limestone, which in its lower portions is much mtermixed with 
sandstones and shale. On comparing the strata of Belgium and 
Iowa there is a remarkable resemblance in their litnological 
nature and sequence. If they had occurred in contiguous 
countries, most geologists would have concluded that they were 
contemporaneous deposits, and some would draw the same con- 
clusion as regards tne strata we have compared, although they 
are thousands of miles apart It seems to us that there is no 

Sroof here of contemporaneity, but rather of similarity of con- 
itions. The same coincidence of agreement frequently occurs 



with strata of two diifercnt geological epochs, as for in- 
stance between the carboniferous rocks of California and the 
lower Silurian beds near Lake Superior. There is one important 
point of difference between them ; the limestones of Belgium 
overlap, which indicates an extension of the limestone area 
towaros the north and probably a depression of the Belgian 
area. In Iowa, on the other hand, the younger limestones did 
not reach so far north as the older ones, which indicates a con- 
traction of the limestone area and probably the elevation of the 
land towards the north. Deferring for a while the considera- 
tion of the question of the contemporaneity of these beds, we 
will quote some remarks by Professor Hall, from Hall and 
Whitney's 'Geological Survey of Iowa,' vol. i., part i., in 
connection with the carboniferous limestones of that state : — 
" The difficulties which have occurred in the way of reconcilia- 
tion of the views of western geologists, as expressed in their 
several reports, have arisen in part from the fact that these 
different limestones have not an ec^ual geographical distribution ; 
there being no point on the Mississippi within our knowledge 
where a trwisverse section of this valley will embrace, within a 
moderate distance, all the beds here enumerated. The lime- 
stones likewise change their characters when examined in a 
north and south direction, owing to causes which will be 
explained. The fossil forms which have mainly been relied 
upon for establishing divisions have been mostly of general 
value only, and specific differences have not always been fuUy 
appreciated The lowest of the series, the Burlington lime- 
stone, has, as already shown, a greater extension northward 
than either of the succeeding groups ; and its gradually thinning 
ed^es stretch far towards the northern limits of Iowa. Near 
this latitude was the northern boundary of the ancient ocean, or, 
at least, the limit of its fauna. Considerably to the south- 
ward of this we first find the attenuated northern edges of the 
Keokuk limestone, mingled with much earthy sediment, and 
often consisting of a few thin beds of encrinital limestone inter- 
calated among other beds of shale and clay. It is only further 
south, in the neighbourhood of Nauvoo and Keokuk, that thiB 
limestone first exhibits decidedly its characteristic features. 
The limits of the ocean which admitted of rock deposition and 
the support of animal life at this period, apparently never 
extended so far north by many miles as in the period of the 
Burlington limestone. The Warsaw limestone and its associ- 
ated beds of magnesian limestone and calcareous sandstone 
appear to have been nearly co-extensive in a northerly and 
easterly direction with the liinestone below so fietr as at present 
known. The northern extensions of this group, however, are 
shaly and arenaceous, and apparently destitute of organic 
remains. The St. Louis limestone extends nearly or quite as 
far north as the groups below, but only as a thin, brecciated, 
conglomerated mass ; and it is only in the neighbourhood of 
Alton, Illinois, that we find this rock in any considerable force. 
In the Missouri section this limestone is given as 250 feet 
thick, while in southern Iowa it is less than 50 feet. The 
Archimedes limestone of the same section, corresponding with 
and including the Keokuk and Warsaw groups, has a thickness 
of 200 feet ; while in its more northerly outcrop its entire 
thickness does not exceed 50 feet, and is less than tnis in many 
places. TJbe Burlington limestone, which does not exceed lOO 
feet at Burlington, Iowa, is given in the Missouri section as 
500 feet thick. Nor is the augmenting thickness the only 
evidence of deeper seas and more quiet waters ; for as we go 
southwards the coarser sediments and mixtures of shale and 
sandstone, prevailing on the northern outcrop, disappear in 
great part or entirely, and the whole series has a calcareous 
character. In the geographical distribution and the changes of 
lithological characters at difierent points we have yet much 

to learn from local investigation and comparison 

These facts warrant the conclusion that the entire series of the 
carboniferous limestones were successively deposited in an 
ocean, the limits of which were gradually contracting upon the 
north, while at the south the conditions were becoming more 
and more favourable to the development of this kind of deposi- 
tion, and to the support of the faima which abounded througnout 
this period, until both culminated in the great limestone foima- 
tion of Kaskaskia. This rock is known for its abundance of 
fossils throughout Kentucky, Tennessee, and Alabama ; while it 
has not been found to extend so far north as the Burlington 
limestone by four or five degrees of latitude. The centres of 
greatest development, both of deposition and of animal life, 
were constantly bein^ transferred farther to the south at each 
successive epoch here indicated ; and while the greatest develop- 
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ment of the Burlin^on limestone is to the north of, or about the 
latitude of St Louis, that of the Kaskaskia limestone is on the 
south of the Ohio in Tennessee and Alabama" (p. 111). In 
those states it forms the greatest part of what is there called 
carboniferous limestone, and in Tennessee it is estimated by Pro- 
fessor Safford to be 1200 feet thick. After some remarks on 
the strata of Alabama and Tennessee, the same author further 
observes (p. 116) that "it is well known that no limestones of 
the a^e of these here described occur upon the west side of 
the Appalachian coal-field on the north of the Ohio river, 
nor upon the eastern side of the same field to the north 
of the central portion of Virginia. The same is true of 
the coal-fields ot Nova Scotia and New Brunswick, accord- 
ing to Professor Dawson, the northern sides exhibiting 
no underlying limestones ; while such rocks do appear coming 
out from beneath the coal measures on the south-easterly side. 
The same phenomena occur also with regard to the coal-fields of 
Iowa and Illinois. The northern and north-western margins of 
these coal measures extend beyond the limits of the carboniferous 
limestones. At the same time I have ascertained, in the most 
satisfactory manner, that the coal-fields of Iowa, Missouri, and 
Illinois, rest uncomformably upon the strata beneath, whether 
these strata be carboniferous limestones, Devonian, Upper 
Silurian, or Lower Silurian rocks. It would appear that at a 
period long preceding the commencement of the carboniferous 
limestone deposits, the ancient ocean began to contract its area ; 
that this contraction was consequent upon the uplifting of the 
older rocks upon the north, and that tnis state of things con- 
tinued throughout all the period of the limestone deposits. 
Furthermore, we have evidence that during this period, or at its 
close, and previous to the deposition of the coal measures, the 
older strata, which had long previously been raised into nume- 
rous anticlinal axes ^vith corresponding depressions, and along 
some lines broken by faults, and dipping at various angles, haa 
to some extent been worn down by denudation, which also pro- 
duced other inequalities of the surface ; and that afterwards the 
coal measures were spread out over the thinning and slightly 
inclined edges of the carboniferous limestone beds, and the edges 
of the more highly inclined rocks of the preceding periods. 
Facts indicate very clearly, as we conceive, that the area of the 
ancient ocean, which had been contracting up to the coal period, 
was thus extended in this part of the country by the sinking of 
the land on the north, allowing the deposits of the coal measures 
to be spread over much wider areas, particularly in that direc- 
tion, than the preceding formations of the carlloniferous lime- 
stones. This will explain, in a very satisfactory manner, the 
cause of the absence of the carboniferous limestones on the north- 
em margins of all the coal fields of the west, and at the same 
time suggests an explanation of the greater accumulation of con- 
glomerates and coarser materials in the same relative position. 
Should the carboniferous limestones of Nova Scotia prove to be 
of the same age as the carboniferous limestones of the west and 
south-west, their occurrence so far to the northward of the nor- 
thern limits of the Appalachian coal-fields may still be explained 
by supposing the line of ancient coast, or the line of coral reefs, 
to have had an irregular direction from the south-west to the 
north-east, following the undulations caused by unequal depres- 
sion and elevation ; and it may have been interrupted by the 
elevation of the Green Mountain and Appalachian chain, which, 
if not entirely cutting off the continuity of the carboniferous sea, 
must have been deflected by the course of the limestones very 
far to the southward. The supposition of this former continuity 
wiU furnish, at the same time, an explanation of those limestone 
areas in Rhode Island and Massachusetts, which have been, with 
hesitation, referred to the carboniferous period. It is not im- 
probable that this may have been the direction of the coast line 
at that period, since we know that in the west its course was 
irregular, extending farther to the north in some points than in 
others. Tlius we have in Iowa the carboniferous limestone 
Teaching to the north of latitude 42° 30', while from this point 
it trends to the south-east, as is seen by following its out-crop 
through Iowa, Illinois, and Indiana. Beneath the Appalachian 
coal-field I am not aware that the carboniferous limestone has 
been traced far to the north of latitude 38°, though its existence 
has been indicated somewhat farther in the same direction. It 
is quite evident, therefore, that a broad deep river has existed in 
the outlines of the carboniferous limestone, or, in other words, 
that a broad extension of land (or of sea too shallow for coral 
reefs) stretched from the north into the ocean of the carboni- 
ferous limestone, in the position and in the direction, very 
nearly, of the present Cincmnati axis ; while on the west of that 



line, the lower carboniferous limestone made a northerly bend, 
as if at that period the area of the present valley of the Missis- 
sippi admitted of a more northerly extension of the coral reefs. 
About 10° farther east, or in Pennsylvania, the lower carboniferous 
series is composed of about 6000 feet of shales, sandstones, and 
conglomerates. This points to the existence of a continental 
area on the north and west of the present site of the United 
States, that is, in the North Atlantic." The main purpose we 
have had in view in penning the above paragraphs has oeen to 
show that the sea bottom of the lower carboniferous period was 
not a universal calcaieous ooze, but that it had as varied a cha- 
racter as the present In pursuing this object we have indicated 
a method by which it would be possible to ascertain roughly the 
approximate positions and, in ^art, the outlines, of the principal 
masses of land which then existed. Our material and space 
will not permit of our following up this inquiry, but enough has 
been said to show that the land was more abundant in the polar 
than in the equatorial half of the northern hemisphere. 

Passing over many interesting points connected with what 
may be termed the physical geography of the period, such as 
comparative stratigraphy, the occurrence of gold in a drift of 
this age, the presence of carboniferous limestone in the Caucasus, 
and many otners, we will rapidly glance at a few facts connected 
with the fauna. Of the flora there is little to be said, for but 
little is known. The Protozoa are very scantily represented, a 
feature which is very remarkable as regards tne hard-shelled 
forms, such as the foraminifera. The principal genus is Ftisu- 
Una, which is, with the exception, perhaps of Eozoon, the earliest 
representative of the nummuline family ; a family which pos- 
sesses a more complicated shell structure than any other in the 
foraminiferal group. The genus is said by Lyell (* Elements of 
Geology,' p. 518) to be peculiar to and characteristic of the 
mountain limestone in England, United States, Arctic America, 
Russia and Asia Minor. The same species, at least nominally, 
is supposed to range over all this area. In Missouri, Kansas, 
Illinois, and probably one or two other neighbouring states, this 
genus is present in the coal measures only, the species being the 
same, or very similar. In Missouri, for instance, Fusvlina cy- 
Hndrica ranges from the top to the bottom of the coal measures, 
or uDper carboniferous series, occurring in nearly every limestone 
bana ; whereas it is unknown in the well-developed limestones 
which underlie them, and represent, as is believed, the lower car- 
boniferous series. The other species living at the time belonged to 
the genera NodosaHa, Endothyra, and Texixdaria, From these 
facts it would seem that whereas each of the three families into 
which Dr. Carpenter has arranged the members of the sub-order 
Perforata [Foraminifera, E. C. S.l is represented, there is 
nothing to show that any form belonging to the other and 
simpler group, or that with the imperforate test, had any exist- 
ence. Tnis result is, however, probably due to the insutticiency 
of evidence, but, if correct, it is noticeable. Sponges are repre- 
sented by numerous spiculae found in the masses of homstono 
so frequently met with in the carboniferous limestone. 

The Coelenterate sub-kingdom has afforded numerous species, 
but all or at any rate the great majority, belong to the Actino- 
zoon class. Adoj)ting Bronn's modification of Alilne-Edwards 
and Haime's classification as the most convenient, although it 
may not be quite correct, we will arrange our remarks in ac- 
cordance therewith. The firet feature tnat strikes us is the 
great predominance of the order Rugosa, a feature that was 
recognized by Professor Forbes when he distinguished the fossil 
corals into the Palajozoic and Neozoic types. The difference 
between these types is usually stated to consist in the older 
forms having their parts, such as the septa, bmlt up in multiples 
of four, and those oT more modem date in having an hexapartite 
arrangement. Such a difference would probably warrant the 
separation of the Rv/gosce as a distinct order, and even their 
removal from the Zoantharian to the Alcyonarian sub-class. 
According to Ludwig's investigations the difference is not so 
great. Both types are hexapartite in structure; but in the 
older forms the septa were so asymmetrically developed that 
those belonging to four of the primary chambers grew more 
rapidly than those of the other two. 'the result was that only 
four of the principal septa were conspicuous. . If this view be 
correct, then the Rxigosce are not entitled to ordinal rank, but 
most of the genera composing it would find their natural places 
in the famihes of the order Aporosa, In either case, however, 
it still remains true that the Palaeozoic corals are remarkably 
different in appearance from those of Neozoic times ; and that 
most of the carboniferous species belong to the Paloeozoic type. 
In the on« case the word type would imply a difference in me 
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plan of structure of the corallum, but in the other only a modi- 
ncation of the same phm. 

The RtigoscB consist of four families. The CystiphyllidcB 
flourished m pre-carboniferous times, and as yet aie not known 
either in or above the carboniferous formation. The Cyatho- 
vhyllidai contain about 40 genera, of which about 18, or nearly 
Dsiif are represented in the lower carboniferous. They are Axa- 
phyllunif Jjonsdaleiaf Phillipsastrcea, LitJiostrotion, Lithodrndrorif 
StylaxiSf Chonaxis, Gyathophylluniy Axdophyllum, Cvclophyllum, 
ClisiophyUum, Campophyllum, Amplexus, Lophophyllurn^ Meno- 
phyllurtif Zaphrentts, AtUacophyllunif and Trochophyllum; of 
these Lonsdaleia, Gyathophyltumiy Clisiophyllumy Zaphrentts, and 
Aulacaphyllumy occur in the underlying Silurian and Devonian 
strata ; Liihostrotion, AmpUxuSy and Lophophyllum commence in 
— ^that is, have not yet been found lower than — the Devonian, 
and the remainder are restricted to the carboniferous formation. 
Lonsdaleia floriformis appears to have an extensive horizontal 
range, and yet in each country its vertical range is bjr no means 
great. Thus Ludwig reports it from the Spinfer limestone of 
Ursia Prisk near Lithwinsk, and Nischni Parogi on the Uswa 
in Perm ; Huxley and Etheridge record it from Somersetshire 
on the south to Shropshire and Denbighshire on the north, 
while the neighbouring county of Flint yields L, rugosa, and 
L, duplicata. In Murchison's * Siluria,' p. 299, a figure is given 
of a specimen of L, floriformis found at Lillesnall, Shropshire, 
the lower parts of wnich are rooted in shale, while the mass of 
it is in limestone ; a fact which indicates that the specimen 
retained the position it had during its lifetime. A species is 
mentioned in Hall and Whitney's *Geol. Survey of Iowa,' 
which appears to be this or an allied species ; but, although 
frequently referred to it is scarcely called twice alike. A&- 
suming then that Lithostrotion Jhriforme, L, canadense, L. 
hasaltiforme, L. basaUicaj and L. mamillare refer to one species, 
as the context seems to imply, and that Lithostrotion flori- 
forme is a synonym for LonsaaUia /oriformisy we may say 
that this species is characteristic of the St. Louis limestone, 
or the higher portion of the lower carboniferous series in the 
Mississippi valley. In some counties of Southern Iowa it is 
the only fossil in this part of the series. It is most abun- 
dant in the lower part of this bed, but in Illinois it predomi- 
nates in the upper portion. It appears to have tne same 
stratigraphical position in Alabama and Tennessee. This is 
one of the very few genera of this class mentioned in the lower 
carboniferous strata of North America. In the highest part of 
the lower carboniferous series of Namur, or the * Assise de Vis4' of 
Dupont, occur the nearly allied forms Lithostrotion Junceum and 
Lithodendron fa^ciculatum. The former species also occurs in 
England, Wales, and Ireland. Lithostrotion basaltiforme, of 
Conybeare and Phillips, occurs in Derbvshire, and Koninck 
reports it from the Pimjaub ; in both whicn far separated locali- 
ties it is associated with Lithodendron irregtUare, UyaUiophyllum 
ranges through all the beds, and some species extend from Great 
Britain to Russia. Thus in Perm we fmd C, Stutchbwryi, C, re- 
gium, C. arietinumy C. multiplex, C, calamiforme, and C, boloniense, 
C. Stutchburyi occurs in Somersetshire and Gloucestershire; C. 
regium extends from Gloucestershire to Lanarkshire ; C. Murchi- 
soni and C. IFrigJUii, are also English species, while C, ceratites, 
occurs in Tyrone, and G, plicatum in Lanarkshire. It remains for 
future inquirers to ascertain if we have any indication here of 
what was the geographical distribution of the genus. We 
imagine not, although we have chosen to place the facts in the 
above form. CyclophyUwn fungites, C, Bowerhanki, and AuUh 
phyllum Edwardsi occur low down in the formation in Scotland ; 
Clisiophyllum is represented by the species turhinatum and coni- 
septvm in England ; Keyserlingii in the 'Assise de Vis^ * in Bel- 
gium ; and indicum in the Punjaub. Amplexus affords one of 
the most characteristic species in the carboniferous limestone. 
The distribution of A. coralloides in the strata of Belgium has 
been well indicated b^ Dupont It is rare or absent in the 
lowest part of the series, wnere indeed there appears to be a 
dearth of corals. It is first observable as a rare fossil in tJie 
lower portion of the third stage, or * Assise de Toumay,' but is 
more common in the upper nail It increases in frequency in 
the lower half of the next stage, or * Assise de Waulsort,' and 
towards the top it becomes so abundant that the zone or horizon 
is distinguished as that of A, coralloides and RhynchoneUa pleu- 
rodon. In the fifth and sixth stages, or those of Namur and Yisd, 
it presents a marked decline, but may be expected to ascend one 
or two sta^ higher wherever rocks of that age are found. The 
other species are rare, and have a limited range. Thus, A, 
ttrpuhiaes, Koninck, occurs in the 4th stage, or 'Assise de 



Waulsort * ; A, comubovis, in the 5th, or ' Assise de Namur/ and 
A, nodulosus and A, Henshwi in the 6th, or 'Assise de Vis^.' 
In England A, coralloides ranges from the south to the central 
counties, and is also found in the south of Ireland. A, Henslowi 
and A, Sowerhyi also occur in Ireland, and the last mentioned 
species has been reported from Derbyshire. Zaphrentis has 
species in various localities between Russia on the east to 
Illinois on the west. 

The family Cyathaxoniadm comprises but one genus, Cyathax- 
onia, which is a carboniferous lorm. The family Stauriidas 
contains but few genera, but none are, so far as we know, of 
carboniferous age. 

The order labvlata consists of between 30 and 40 genera, 
and many of them belong to the period under consideration. 
They are Rhahdopora, Harmodites, Syringopora, Chostetes, Beavr- 
rrwntia, Favosites, Emmonsia, Michelinia, Alveolites, Fistulipora, 
and Propora^ The family Theciidce has no representatives. The 
Seriatoporidce is represented by Ehahdopora, a genus restricted to 
the carboniferous formation. All the other cenera named 
belong to the Favositidce, Harmodites, which eim)races several 
forms usually assigned to Syringopora, extended from Russia to 
Western Europe. One of the commonest species is H. ramulosus, 
which occurs in the carboniferous limestone of Perm ; in the 
Assise de Vise, in Belgium ; at Matlock, in Derbyshire ; and in 
Ireland. Chcetetts tumidus occurs on the same horizon in Bel- 
^um, and is found in Fifeshire and Tyrone. Michelinia favosa 
18 another of the species found in the highest part of the car- 
boniferous limestone at Vis^; it has been foimd in England, 
Wales, and Ireland ; and Koninck has seen a single specimen 
broiight from what are probably lower carboniferous strata in 
the Salt Range of the Punjaub. 

The order Ttdmlosa comprises but one family, and probably 
but one genus ; for Aulopora appears to be simply a young sta^e 
of Syringopora, That genus is Pyrgia, which is restncted to the 
carboniferous formation. 

The next order is that named Aporosa. Nearly 200 genera 
belong to it, but only two extend into the carboniferous epoch. 
A species of Stylastrcea is said to occur in the carboniferous 
limestone of Kendal, Westmoreland ; and Isastrcea aracknovdea 
in that of India ; but in both cases further evidence seems to be 
required. 

The order Perforata is represented only by the genus Astrce- 
opora. Thus in the * Catalogue of Fossils in the Museum of 
Practical Geology,' by Messrs. Huxley and Etheridge, mention is 
made of A, cydostoma and A, antimui. 

The EchinodenncUa appear to have swarmed in the older 
carboniferous seas, but tne various orders were very unequidly 
represented. Thus, of the seven orders into which this class 
may be subdivided, viz., Blastoidea, Oystidea, Grinoidea, Ophiu- 
ridea^ Asteridea, EcJiinidea, Holothuridea, the brittle stars 
(OpJuuridea), and the sea cucumbers (Holoihuridea), have no 
representatives ; while very few species belong to the starfishes 
(Asteridea) and sea urchins (Echinidea), 

The Blastoids comprise very few species. The order attained 
its maximum dev^elopment in the carboniferous period, and then 
mpidly declined, smce it is almost unknown in later strata. 
The principal genus is Pentremites, which is abundant in the 
rocks of this age, both in Europe and America. It is by a care- 
ful comparison of the distribution of the species of genera of this 
kind that a clue can be best obtained of the relations between 
the strata of widely separated areas. Without pretending to 
give a complete accoimt, we may nevertheless summarise such 
notes as we have been able to collect, bearing upon the distribu- 
tion oi this genus. The species occurring in the lower carboni- 
ferous rocks of Yorkshire are P. inflatus, P, ac\Uus, P. ellipticus, 
P, angvXatiLS, P, oblongtLS, P, orbicularis, P, pentangularis, P, 
Dutertrii, P. astraformis. In Hainault, feelgium, the genus is 
represented by P. Puzos, P. inpUus, P. crenulatus, P. Orbigny- 
anus, P. caryophyllatus, and P. Waterhousianus, In Illinois 
there occur P. Godonii, P. pyriformis, P. nUeaiv^, P. Norwoodi, 
P. lineatus, P. eUmgatus, P. Koninckana, P. melo, P. stelliformis. 
In Iowa there occur all the species found in Illinois, with the 
exception of P. lineatus; and, m addition P. conoideus, P. later- 
niformis, P. curtus, and P. planus. Most of the neighbouring 
states possess one or more of the lowan species. The North 
American species appear to have had a greater horizontal range 
than those of Europe ; so that we do not find the same degree of 
difference between the species of two distant areas in North 
America as is perceptible in Western Europe. The vertical 
range of the American species is not great, so that generally 
each division of the lower carboniferous series has its own dis- 
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tinctive form. Thus in Iowa the Burlington limestone yields 
P. Norwoodi, P, meh, P, stelliformisy P, elongatus, P. Sayt, and 
P, planus. In Illinois the Encrinital limestone, which res^s 
apon Devonian strata, contains P. lineatus, P, elongatus, P. melOf 
P. stelliformis. The Encrinital limestone of MissouTi contains 
P. Sayif P, Nonooodiy P. ttuIo, and P. steUiformis. The Warsaw 
limestone of Iowa contains P. Konincki and P. eonoideus ; which 
two species are also found in the Archimedes limestone of 
Illinois, and in that of Indiana, in conjunction with P. pyri- 
formis, P. laiemiformis^ and P. Orotvtiwri, The Archimwies 
limestone of Missouri has yielded P. Godaniif P. sulcatiiSf P. 
pyriformiSf P. conoideus^ and P. curtus. The Kaskaskia lime- 
stone of Iowa contains P. Godoniiy P. pyrifomiis, P. suLcatus, P. 
latemiformiSf and P. cwr/w^. From these facts we should infer 
the equivalency of the Burlington limestone with the Encri- 
nital limestone, and of the Archimedes limestone Tvdth both 
the Warsaw and Kaskaskia limestones — an inference which 
is abundantly supported by other evidence. There is nothing 
whatever, so far as this genus is concerned, which indicates any 
specific relation between the European and American strata. In 
Iowa and in the neighbouring states the species of Pentremites 
occur throughout the whole series of limestones ; but in Belgium 
they are only known in the uppermost beds, and are by no means 
common even in them. 

The Cystids have few representatives in this group of rocks, 
and these are amongst the latest relics of the order, which reached 
its maximum development in pre-carboniferous times. 

The Crinoids swarmed in the old carboniferous seas, and were 
far more abundant, both in species and individuals, than any 
other order of Echinoderms. Their principal development, at least 
individually, appears to have been at the berinning of this 
perio<l, for the lowest beds of the carboniferous limestone, both 
of North America and Western Europe, comprise beds which 
are little more than thick masses of crinoidal fragments rendered 
coherent by a greater or less proportion of cementing materiaL 
llius the lowest limestones of this age in Bel^um are de- 
signated by Dupont and others the ^ calcaire k crinoides'; and the 
Burlington limestone of Iowa equally deserves this appellation. 
The lowest limestones of the carboniferous series of Qreat Britain 
are also remarkable for the abundance of crinoidal remains. 

Rhodocrinus is represented in North America and Western 
Europe. In Iowa, A IVortheni occurs in the Burlington lime- 
stone ; in Belgium, B. uniarticulattu, and R, steUaris occur in 
the highest portion of the carboniferous limestone ; and in the 
British Isles R, steUaris and R. abnormis have only been found 
high up in the series. The American species most resembles 
R, steUaris, like which it has the outer surfaces of the plates 
granulated, while in R, uniarticidatus they are smooth. Woodo- 
crinus is represented by the species macrodactylus, which has 
been obtained from the highest part of the series in Yorkshire. 
Poteriocrinus is one of the most abundant genera in the Euro- 
pean beds ; but it is by no means rare in those of North 
America. In Europe the species are most numerous in the 
upper portion, and in America in the lower portion of that 
series ; but in both areas the genus is generally distributed both 
vertically and horizontally. So far as we know, only one species 
is common to the two continents, but this may be simply an 
identity of name, not of species. Thus Hall and Whitney men- 
tion P. gracilis from the Kaskaskia limestone of Illinois ; and 
Morris and Roberts record it from the limestone at the very base 
of the series in Shropshire. If the same species be alluded to in 
each case, it flourished in the lowest part of the carboniferous 
limestone in one area, and the highest in the other. Cyathocrinus 
is not abundant in Europe, but in America some 15 or 20 species 
have been described, most of which were found in the lower 
beds. Zeacrmus is more abundant in North America than in 
Europe ; and in the former country it is better represented in 
the higher than in the lower beds. Agassizocrinvs is restricted 
to the higher strata in North America. Scaphiocrintu has also 
only been recorded from North America ; but as it has a con- 
siderable range there, it may probably have existed in Europe. 
Aetinocrinus is the commonest genus, and is represented oy 
numerous species, both in Europe and North America. These 
are distributed through all parts of the lower carboniferous 
areas ; but they are most abimdant and best developed in size 
and beauty of ornamentation in the lower beds in North Ame- 
rica, and the higher in Europe. The groups of species from the 
two areas present a generally different appearance, although in 
both we meet with the same kind of variation. Very few of the 
species of one area have a close resemblance to those of the 
other. Amongst the few instances that occur to us arc il. eostw I 
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and in a less degree A, tenuis of Europe, and A.sculptus of North 
America ; as also A, iriaconXadactylus of Europe and A, penta- 
gonus. In both areas there are species with smooth, or nodular, 
or ridged, or spiniform plates ; with shallow, depressed, or deep 
urn-shaped cups ; with small and low, or large and high cup- 
covers ; but amongst the American species there seems to be a 
greater prevalence of nodular plates, of cups with truncated bases, 
and of basal plates which overhang the stem or pedicle. Megis- 
to(Tinvs and Agaricocrinus are sub-genera of Actxnocrinusy which 
chiefly prevail in the lower beds. Platycrinus is another nu- 
meroiisly represented genus which ranged from Europe to 
America, and which, like most of those already mentioned, 
predominated in the upper beds in Europe, and in the lower in 
North America. There is a greater general resemblance between 
the two groups of species thaA is perceptible in Actinocrinus, 
Thus the P. planus of Europe is very much like the P. planus of 
Iowa, the few differences which exist being slight. In the Euro- 
pean form the places for the insertion of the arms are wider and 
deeper than in those of the American individufds ; while the edge 
is raised and crenulated in the former, but not in the latter. The 
P. piUatus of Belgium and England closely resembles P. pilei- 
formis of Iowa ; P. grantUatus of Ireland, England, and Belgium, 
reminds us of P.pocUliformiSj and in a less degree of P. cavuSj both 
which latter are lound m North America, and a few other instances 
might be cited. Even in the case of these nearly allied species 
it is noticeable that those of America occur near the base of, while 
those of Europe occur high up in, the carboniferous limestone. 
Dickocrinus is common to both continents, and in both has a 
nearly similar range. Thus it is rare in the lower beds, but 
more abundant in the middle and upper part of the carboniferous 
limestone. 

The Asteroids, which are not plentiful in precarboniferous 
strata, are very rare in those under consideration. A minute 
species, Cribellites carhonarius, has been discovered in the upper 
portion of the carboniferous limestone of Northumberland. It 
had a disc of about one-third of an inch across, and the expanse 
of its rays was one inch and a half. It is similar to the recent 
Grihella rosea. 

The Echinids comprise seven or eight families, of which one 
is exclusively Palaeozoic, viz., the. Palcechinidce, or TessellaH. It 
contains six genera, of which Archceocidaris and Palaschinus have 
representatives in the carboniferous limestone. The former 
occur both in Europe and North America, and is generally dis- 
tributed in the vertical direction. In Iowa each division of the 
series has its peculiar species. Thus A, Agassizi belongs to the 
Burlington hmestone ; A, Keokuk to the Keokuk limestone ; 
A, Shumardiana to the Warsaw limestone ; A, Wortheni to the 
St. Louis limestone ; and A, Norwoodi to the Kaskaskia lime- 
stone, which occurs in Illinois, a little south of Iowa. PaUechinus 
also occurs in both continents ; several species have been recorded 
from Ireland, and a few from North America, but none appear 
to be common to the two areas. Oidaris, which belongs to an 
allied family, is found in the carboniferous limestone of Belgium 
and of India. 

From this general and imperfect summary of the distribution 
of the Echinodeims, it appears that very few species are common 
to Europe and America ; and that the closest connection, palae- 
ontologically,iB between the inferior half of the lower carboniferous 
series of North America, and the superior half of the same series 
of Western Europe. 

The Annelida are feebly represented in the fossil state in these 
strata ; most of the species have been assigned to Serpula and 
Spirorhis, but as the determination is necessarily based upon 
characters afforded by the shell, and as the ^ell does not aflord 
the means of making reliable diagnoses in the living species, it 
is doubtful if the carboniferous forms are or are not correctly 
collocated in the same genera with the living representatives of 
the above-mentioned genera. The curious track marks of this 
age, frequently attributed to annelids, were probably made by 
crustaceans. The want of definite and sufficiently numerous 
facts prevents any general statements being made respecting this 
class. 

The Crustaceans have afforded a very small proportion of the 
known fauna of this period, and consist, for the most part, of 
Entomostraca, and the majority of these were apparently denizens 
of brackish or estuarine wallers. They aboimd most in those 
strata which contain terrestrial plant remains, or which possess 
other indications of the proximity of fluviatile currents. Some 
of the genera, such as Cyihere and Bairdia, are represented by 
living species ; while others, such as GythereUoy Gypridella, &c., 
do not differ much from recent genera. The principal generic 
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forms were Estheria, Leperditia, and Phillvj^nay all of which 
had a wide geographical range, apecies having been recorded 
jfrom North America and Western Europe. The Estheria striata 
occurs at Hof in Bavaria, and Vis^ in Belgium ; a variety, 
Tateana, is met with in the highest part of the series at Lammer- 
ton in Berwickshire, and allied species are found in the lowest 
beds in Nova Scotia. Leaia Leidyi occurs low down in the series 
in Nova Scotia and Pennsylvania, and the same species, or rather 
a variety of it, Salteriana, is reported from Fifeshire. LmerdUia 
gvhrecta is common to Nova bcotia and Scotland ; and in the 
latter country there also occur L, Scotohurdigallensis, L, injiata, 
L, inomatay and other species. PhUlivsia is also common to the 
old and new worlds, but it appears to nave been more numerous 
in the former than the latter. One species, P. gemmulifera, 
ranges from the bottom to the top of the carboniferous limestone 
of Western Europe, but is abunoant only in the middle portion 
of it. P. Jonedxy P. seminiferaf and P. glohiceps are also common 
in the middle beds. 

Several Polyzoan genera flourished during this period, and a 
few, Fenestella, for example, were so abundant, that whole beds 
were formed almost excliLsively of the remains left by them. 
Fenestella appears to have had a world wide range, for it is repre- 
sented in India, Europe, and North America. In the Vihi 
valley, West Himalayas, some of the lowest beds of the lower 
carboniferous series are little more than layers of Femstella 
fragments. In North America the individuals are so abundant 
that one stratum is called the 1st Archimedes limestone, another 
the 2nd Archimedes limestone, while a third, which occurs near 
the summit of the series, and is usually called the Kaskaskia 
limestone, contains them more abundantly than any other, and 
would be more appropriately named Archimedes limestone, than 
those which have been so called. ArchimedeSy we should men- 
tion, is a synonym for Fenestella, In Iowa the Keokuk lime- 
stone is characterised by F, Oioenana, and the Warsaw limestone 
by F, Wortheni, The St. Louis limestone of Missouri, which is 
somewhat like the two last-mentioned, contains F, hemitrypa 
and F. hanjanoy and the carboniferous limestone of the Organ 
Mountains, Texas, which appears to be on a similar horizon, 
has afforded several allied species, such as F, trituberculatay F, 
Popeana, F, corticatay F. inUrnudiay F, variahilisy F. Shumardiiy 
F. Norwoodianay F, stthretiformis. The species which occur in 
Western Europe are different from these : and they appear to be 
most concentrated towards the middle, of the senes. Thus 
Dupont makes no mention of the genus in the lowest beds in 
Belgium ; and the first record of it in the imward direction is in 
the 'Assise de Toumay,' in the lower half olwhich F, pUbeia and 
F, membranacea, are aoundant, while F, ejuncida and F, fastuosa 
are rare. In the * Assise de Waulsort' F, plebeia and F. multiporata 
are common, while F. osculatay F, ejuncida, F, memhraiuiceay F. 
fastuosay and F, rvpisteria are rare. Most of the Belgian species 
extend into the IBritish Isles. The most important genera next 
to Fenestella are Polypora and Cosdnium, botn of which occur in 
America and Europe, but in very few instances are the species 
common to both. One of these, Cosdnium cyclopsy is remark- 
able since it is said to be in Devonian strata at the fall of the 
Ohio in North America, whereas it has only been found in car- 
boniferous rocks in Europe. Berenicea,CerioporayDisccporayGla\ico- 
nomey Hemitri/pay PhyHopora. Ptylopora, Reteporay and Vincularia, 
also had representatives in tne older carboniferous series. 

The Brachiopoda forms one of the most important portions of 
the older carboniferous fauna. From no other group of strata have 
so many species been recorded as from the carboniferous ; and 
no other class of mollusca is so abundant individudly, although 
specifically the brachiopoda are outnumbered by most. Thus 
in Great Britain the brachiopoda predominated over every other 
molluscan class in the pre-carboniferous eras ; but although they 
increased greatly in numbers, so far as genera and species are 
concerned, during the carboniferous period, they were out- 
stripped by the other classes. Thus the LameUibranchiata were 
more than twice as numerous in species ; the Gasteropoda much 
more numerous, and the Gepliahpoaa about as numerous. Accord- 
ing to Etheridge the number of British species of mollusca of 
the whole of the carboniferous period was in 1867 as follows : — 

XiameUibranchiata 334 

Gasteropoda ....,.••. 174 

Brachiopoda 157 

Cephalopoda 145 

Nticleobranchiata ..»,... 29 
Pteropoda . . 1 

Another fact indicative of the declining importance of the 



group, even during this period of its maximum specific develop- 
ment, is that while twelve genera appeared for tne first time in 
the Devonian strata, every one ot the sixteen carboniferous 
genera are represented in pre-carboniferous formations, and 
four of them, namely, Orihis. Strophomena, Cyrtia, and Eetzia, 
are not known to ascend higher. The most numerously repre- 
sented genera arc Prodwctus and Spirifery and these, as also 
Chonetesy AthyriSy Betzia, fhiriferinay and Camarophoria here 
attain their maximum specific development. 

The fEunily TerebratulidaSy with its numerous genera, is repre- 
sented only Dv species of the genus Terebratula, which, however, 
are sporadically distributed over a great area. If we are to trust 
the determinations of palaeontologists it would seem that most 
of the species on each area are distinct, while one or two occur 
almost everywhere. Four or five species are recorded as British, 
namely, T, hastnta, T, elongatay T. sa^^culusj T. vesicularis, and 2\ 
giUingensis, The first mentioned is the most remarkable for its 
abimdance, wide distribution, and retention of traces of its 
original coloured pattern. It is foimd in Ireland, in the lowest 
part of the series in Scotland, in England, in all parts of the 
carboniferous limestone of Belgium (being most abundant in the 
upper half), in Russia, and in other localities. T. sacadus has a 
yet wider range, occurring in several places between Kashmere 
on the east and Nova Scotia on the west. The most abundant 
species in the Himalayas are T, himalayensis, and T, gubvesi- 
cularis. 

The Spiriferidos are exceedingly well represented in rocks of 
this age, and, next to the Productidofy affom more species than 
any other family. Most of the sub-genera belonging to it were 
living. As in the case of the preceding family, most of the 
species appear to be local forms, while a few are found almost 
everywhere. Of the genus Spirifer twenty-seven species have 
been found in Great Britain ; wliile Dupont mentions thirty- 
three species as occurring in Belgium. As the latter author has 
recently published an elaborate memoir showing the ranges of 
the fossils in the carboniferous limestone of Belgium, we will 
indicate what the succession was in that countiy, in order 
that it may be compared with the distribution of the spe- 
cies in Iowa. Dupont recognises six stages in the carbonife- 
rous limestone as already indicated. In the lowest or ' Assise 
d'EtrcBungt,' S, VemeuUi and S. 7no8qv£nsis occur in the basement 
beds, which contain a large number of Devonian species. In the 
higher beds the species met with are S. mosquensis, S, pinguisy 
S, laminosus, S. octoplicatus, the last mentioned being rather 
common. In the ' Assise d'Avesnelles ' 8, mosquensis is the only 
recorded species. This form ascends into the * Assise de Tour- 
nay.' In the lower half of this stage it is very abimdant, while 
all the other species hereafter enumerated are rare : S. glahery 
S, lineatuSy S, octoplicatus, S. bisulcatus, S. ovalis, £•. pinguis, S. 
distanSy S, RoemerianuSy S, striatus. In the upper portion S. 
convolutus is the commonest species ; S, lineatus, S. planatuSy 
and S. pinguis are less abundant ; and the following are rare, 
namely, S, glabery S, inseulpttis, S. triradialisy S, octoplicatus, S. 
bisulcatuSy 8, rhomboidalis, 8, duplidcostOy 8, laminosusy 8. cuspi- 
datuSy 8, striatusy and ;S>. mosquensis. In the * Assise de Waulsort,' 
8, striatus is very abimdant ; 8. lineatv>s, 8. bisulcatus, 8, jpinauisy 
and 8. cumidatusy are common ; while the rare species include 
8, urii, 8, glaher, 8. insculptus, 8. octoplicatusy 8, omatus, 8. 
ovalisy 8. planatuSy 8, distanSy 8. fusiformis, 8, RamerianuSy 8. 
laminosus, and 8. m^uensis. In the 'Assise de Namur' there 
occur 8. pinguis and 8, bisulcatus, both of which are rare. In 
the * Assise de Visd ' 8. lineatus and 8, glaber are abundant ; 
jSi. pinguis, 8. bisulcatus, and ;S^. octoplicatus are common ; and 
8, triradiaXis, 8, BuckianuSy8, acuticostaiuSy 8. cra^ssus, 8, recurvatus^ 
8. pectinoides, 8. duplidcosta, 8, sublanullosv^s, 8, striattts, 8, svhco- 
nicusy 8. trigonalisy 8. convolutus, 8, Fischerianus, 8. cheiropteryx, 8, 
bron/nianus^, 8. omatus, 8. ovalis, 8, 8chnurianus, 8. insculptus, 
and 8, triangularis are rare. 

In the Iowa district the Burlington limestone contains 8. 
Forbed, 8, imbrex, 8, incertus, 8, pknus, 8. Grimesi, 8, 8oujerbyi, 
8, ventricosus. The Keokuk limestone contains 8. tenuim^ar- 
giruUa, 8, rosteUatus, 8, Keokuk, 8, suhorbicularis, 8. pseudo- 
lineatus, 8, subcuspidatus, 8. propinquus, 8, striatus, var. ? 8. 
Logani, 8. imbricattts, 8. ovalts. In the Kaskaskia limestone 
there are 8, setigerus, 8, spinosus, 8. increbescens, and 8, incras- 
satus? Of these it will be noticed that a few are common to 
Iowa and Belgium. They are 8, striatus and 8. ovalis. In 
Belgium both species range from the ' Assise de Toumay ' to the 
* Assise de Vis6,' the former being abundant in the * Assise de 
Waulsort,' and rare at all other levels, while the latter is rare at 
all horizons. In Iowa they are apparently restricted to the 
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Keokuk limestone. 8, striatus ia represented by a variety, 
wliicli Hall believes will prove to be a distinct species. Sup- 
posing it to be a variety, this species has a very extended ran^e, 
for it is one of the species from the lower portion of the 
carboniferous limestone of the Punjaub. S, glaber is another 
wide-ranging species, which occurs in all parts of Great Britain, 
and also in Nova Scotia. Spiriferina is represented by four 
British species. One of them is mentioned by Dupont as 
Spirifer insculptus. Another is S. cristata, which occurs in the 
lower carboniferous limestone of Nova Scotia, and is repre- 
^nted in the rocks assigned to the same formation at Moosa- 
khail, in the Punjaub. C^tia has two or more British species, 
and one of these, C, carhonaria, is rare in the upper part of the 
carboniferous limestone of Belrium. Athyns has eight or 
nine British species, viz. A, avungua, A, expansay A, micro- 
gemma^ A. lamellosa. A, planosulcata, A. subtUita, A, globii- 
laris, A, Roysiiy and A, ohlonga. Only three species are 
mentioned by Dupont from the corresponding strata oi Belgium. 
A. Boysii is rare in the lowest beds, attains its maximum of 
abundance in the middle, or in the upper part of the * Assise de 
Toumay,' and then declines. Where most abundant it is 
associated with A. planosulcata^ which is rare at this level, but 
becomes more abundant towards the highest part of the series, 
where it is joined by A, lamellosa in very small numbers. No 
mention is made of such species as A. svhtiHtaf which would 
be expected to occur here. The species just named is another 
cosmopolitan form. It occurs by millions in the lower carboni- 
ferous limestone of Shubenacadie, and other localities in Nova 
Scotia ; and a variety of it is exceedingly abundant in the 
lowest beds of Kashmere, in Iowa and m New Mexico. A, 
lamellosa is abundant in the Keokuk limestone of Iowa, where 
it is associated with A, squamifera. There are three British 
species of Retzia, viz., R, radialis, R, ulotrix, and R, carhonaria. 
The former two also occur in the higher part of the series in 
Belgium, but are nowhere abundant ; and a variety of the first 
mentioned is rather abundant in the Punjaub. The Iowa and 
Illinois species are also reported from the h^her beds only; but 
neither are identiwd with those of Europe. S, Vemeidlana occurs 
in the Warsaw limestone, and R, vera in the Kaskaskia lime- 
stone. 

The RhynchoTiellidcB are represented by the genera Rhyncho- 
nella and Camarophoria ; 14 species of the former and 5 of the 
latter are British. Of the Rhpichonellat the most abundant are 
R. pleurodon and R, pugnus. Both occur in India, and R. 
pleurodon is possibly found in Nova Scotia. The last-men- 
tioned species is said to be abundant in the lowest carboni- 
ferous limestones at Farlow, Shropshire, but in Belgium it is 
rare in the lowest half of the series, but abundant in the upper 
half. 

The Orihidce contribute some British species belonging to 
OrthiSf Strophomenaf and Streptorhynchus, 0, interlineata, 0. 
Michelini, 6, Jiliaria, 0. KeyserlingiaTui, 0. resupinata, are the 
names of the species of Orihis, Tne principal telgian species 
are 0. arachnoidea, 0, resupinata, and 0, Micheliniy there being 
seven or eight others. 0. arachnind^a is rare in the lower beds, 
becomes abundant in the * Assise de Toumay,' and is rare in 
the * Assise de Waulsort,' and is not known above this horizon. 
0. resupina>tu is rare in the lowest beds, rapidly increases, is 
abimdant in the lower half of the ' Assise de Toumay,' attains 
its maximimi in the upper half of the same, and remains abun- 
dant to the summit of^ the series. 0. Michelini is not recorded 
from the lower beds ; but it is very abundant in the lower part 
of the ' Assise de Toumay,' rare in the upper part, and very rare 
at fJl higher horizons. It is probable that 0, Michelini does 
occur in the lowest beds, since it is met with in the ' lowest 
carboniferous strata of Devonshire and Ireland. A shell which 
is scarcely distinguishable from this species occurs in the Bur- 
lington limestone of Iowa, Illinois, and Missouri The same 
limestone also contains 0. Swallovi, which closely resembles 
0. rempinata. The principal species of Streptorhynchus is 
S. crenistria, which occurs throughout the whole Devonian series, 
is present in the lower carboniferous strata of all parts of Britain, 
and is recorded by Davidson from various localities in India 
as well as from the lower carboniferous shales of Nova Scotia. 
In Belgium it is common in the lower beds of the carboniferous 
limestone, and rare in the higher. A variety, rohustusy is said to 
occur in the carboniferous limestone at Vurcha, Punjaub, and in 
the lower coal measures of Illinois. The British species of 
Strophomena are ;Si. aiialoga, which also occurs in Nova Scotia, 
and S. rhoniboidalis. The former is, however, frequently con- 
sidered to be a variety of the latter ; it is rare at the base of the 



lower carboniferous series in Belgium, becomes more abundant 
in the middle, and declines again towards the top. 

The Productidae are represented in the British Isles by 41 
species of Productus, ana 7 of Chonetes. The ranges of the 
Producti in Belgium are thus indicated by Dupont. In the 
'Assise d'Etrceungt' there are — P, scdbriculusj var., P. scmi- 
reticulatuSf P, cora, P. Ftemingii, P. pustulosus. In the * Assise 
d'Avesnelles ' there occur — P. c(yra, P. semireticvlatusj and P. 
Heberti. In the lower portion of the ' Assise de Toumay,' P. 
Flemingii is the predominant species ; P. semireticulatus and P. 
aculeatus are common ; and P. elegansy P. mesolohus, P. 
jlmhriatus, P. pustulosus, P. scahriculus, P. plicatilis, and P. 
margaritaceus, are rare. In the upper half of the same horizon 
P. mesolohus is the most abundaiit species of this genus ; P. 
plicatilisy P. semireticulatuSj P. Flemingii, P. pustulosus, P. 
Jlmhriatus, and P. aculeatus, are common : while P. margaritaceus, 
P. sublwvis, P. scahriculus, and P. punctatus, are rare. In the 
* Assise de Waulsort ' — P. semireticulatus, P. jlmhriatus, and P. 
aculeatus, are the prevailing species ; P. mesolohus, P. pustuUmis, 
P. Flemingii, P. plicatilis, P. cora, and P. margaritaceus, are 
common ; and P. Nystianus, P. Humboldtii, P. costatus, P. 
elegant, P. punctatus, P. scahriculus, and P. svhlcevu, are rare. 
In the 'Assise de Namur' — P. 8emireti<;ulatus, P. giganteus, and 
P. cora, are common. In the * Assise de Vis6 '—P. punctatus is 
most abundant ; P. striatus, P. ^igantetis, P. margarita.ceus, P. 
Buchianus, P. undatus, P. plicatilis, P. semireticulatus, P. costatus, 
P. Flemingii, P. pustulosus, P. marginalis, P. Keyserlingianus, 
and P. aculeatus are common ; and P. latissimus, P./existria, P. 
arenarius, P. undiferus, P. emiineus, P. Griffithianus, P. pro- 
hoscideus, P. Nystianus, P. medusa, P. suhkevis, P. expansus, P. 
spintUosus, P. tessellatus, P. scahriculus, and P. mesolohus, are 
rare. 

In Iowa the Burlington limestone has yielded P. Flemiiu/ii, 
P. semireticulatus, and P. punctatus, all of which are abun- 
dant, more especially the firat mentioned. The Keokuk lime- 
stone has yielded P. semireticulatus, P. alternatus, P. cora, 
P. punctatus, P. Wortheni, P. mesialis, P. setigerus, and P. 
vittatus. The St. Louis limestone contains P. altonen^is. It 
will be noticed that there are several species common to the two 
countries ; but the facts seem hardly sufficient to enable us to 
test the contemporaneity of the beds. P. semireticulatus and 
P. Flemingii, are found in the lowest beds of both; but P. 
Flemingii only is conunon at this horizon in Belgium. These 
two species occur in the lower part of the ' Assise de Toumav,' 
where both of them are common ; they are both common in tte 
upper haK of the same stage, but P. punctatus is rare ; and it is 
only in the highest stage, tnat of VisJ,-tbat the three species are 
common. The nearest resemblance, then, is between the lowest 
or Burlington limestone of Iowa, and the highest or Vis^ lime- 
stone of Belgium. This also harmonises with the fact that in 
Iowa the genus is best represented in the lower half of the 
lower carboniferous series, but in the upper half of the same in 
Belgium. Moreover, we have already noticed the same correla- 
tion in the case of otner families. Some of the species also range 
into Nova Scotia and India ; P. cora, P. semireticulatus, occur m 
Nova Scotia ; and these species, as also P. scahriculus, P. Hum- 
holdtii, P. longispinus, P. striatus, and P. Purdoni, are found in the 
carboniferous limestone of North India. Aulosteges and Stropha- 
losia are represented by a few species in Russia and India. The 
British species of Chonetes are C comoides, 0. convoluta, G. tuhercu' 
lata, C. Hardrensis, G, sulcata, G. papilionacea, G. concentrica. In 
Belgium — G, variolata, G, elegans, and G. sulcata, occur in the 
' Assise d'Etrceungt,' the first-mentioned being common. In the 
lower portion of the 'Assise de Tournay,' G. variolata is mre ; 
and G. comoides and G, papilionacea occur in the upper half, 
both being rare. In the * Assise de Waulsort,' G. papuwnacea is 
common ; and G. elegans, G, variolata, G. concentnca, and G. per- 
lata, are rare. In the * Assise de Vise/ G. papilioTiacea, G, tuhercu- 
lata, and G, Buchiana, are common ; and G. sulcata, G. Dal- 
maniana, G. comoides, and C. concejitrica, are rare. G. Hard- 
rensis is not mentioned among the Belgian species ; but a 
variety, Thihetensis, is exceedinSy abundant in Kashmere. G. 
Icevis and G, Austeniana ai*e also Kashmere species. G, Logani is 
an Iowa and Illinois species, which resemoles G. variolata ; it 
occurs in the Burlington limestone. G. Illinoiensis is a species 
from the carboniferous limestone of Illinois. 

The family Graniadoe, with its single genus Grania, is repre- 
sented by three British species. The Discinidai are represented 
by two British species, viz., Discina cincta and Z>. nitida. The 
Lingulidai are represented by six British species, all belonging to 
the genus Linguta, 
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The other classes, viz., the Lamellibranchiatay Gasteropoda. 
PUropod(iy and Cephalopoda, each had their representatives ; and 
the details afforded hy these show, what has been repeatedly 
pointed out already, that while each country has its own forms, 
a few species have extensive latitudinal ranges ; and that few, if 
any of them, can be relied on as indicative of the contempo- 
raneity of the strata in Europe and America. The evidence, so 
far as it goes, seems to point to the conclusion, that the upper 
portion of tne lower carboniferous series in Europe is the 
palaeontological representative of the lower portion of the same 
series in America ; but it will require much further investigation 
before that conclusion can be accepted. 

Upper Carboniferous Formation. 

In the general division of the carboniferous system into the 
carboniferous limestone group below and the coal measure group 
above, we recognise the prevalence of marine conditions in the 
one case, and of more or less terrestrial conditions in the other. 
Such an arrangement is represented in its typical form in many 
parts of England, but if it was strictljr applicable to all the 
world, it would follow that the sea prevailed every^vhere during 
the earlier half of the carboniferous period, while the land made 
its appearance above the water during the later half. This, 
however, is known not to be true, for in the British Islands, not 
to speak of many other coimtries, the carboniferous system when 
traced northward comprises a gradually increasing proportion of 
shallow sea-shore and terrestrial strata, so that the system be- 
comes more and more a system of coal measures, while the 
marine limestones diminish and disappear. Could we map the 
world during the successive phases of this period, it would, we 
confidently believe, be found that the carboniferous limestone, 
the millstone grit, and the coal measures were being developed 
in their typical form during every part of this period. These 
terms must then be regarded as temporary, to be retained until 
the confusion is sufficiently great, or rather sufficiently felt, to 
compel the adoption of better ones. Illustrations of their incon- 
venience are already cropping up. Thus we have the upper 
and lower coal measures of England, both of which belong to the 
upper carboniferous formation ; the lower coal group of Scotland, 
wliich belongs to the upper portion of the lower carboniferous 
formation ; and in Nova Scotia we find an upper coal formation, 
a middle coal formation, and the lower coal measures. The 
former two belong to the highest part of the upper carboniferous 
formation ; while the third constitutes the oase of the lower 
carboniferous formation. Unless, then, a person be acquainted 
with the geology of England and Nova Scotia, he might be 
misled into supposing that the lower coal measures of these two 
countries were in the opinion of geologists the chronological 
representatives one of the other. In most of the areas, however, 
which have been explored the coal measures generally prevail 
towards the summit of the system, and it is in this part of the 
series that we have the most abundant evidence of the existence 
of land. As none of the strata before or after, prior to the 
tertiary era, have afforded so much information as to the terres- 
trial inhabitants of former epochs, we take this opportunity of 
making a few general remarks respecting these old worlds and 
the beings which they supported. The remarks, will mostly 
refer to the upper carboniferous formation, but we shall have 
occasion now and then to compare them with what existed in 
the lower carboniferous formation. 

During this period, and in many of those which preceded it, 
the principal land surfaces on the present British area appear to 
have been central England and the northern portion of Scot- 
land. The English surfaces were probably islands lying off a 
large continent situated towards the north-west. The evidence 
on this point is of various kinds — such as stratigraphical breaks, 
the distribution of coal resting on imderclays, the gradual increase 
or decrease of the strata in certain directions, the denudation of 
beds after the deposition of the carboniferous limestone and 
before that of the Permian series, &c. A few illustrations of 
each kind will serve to show that a systematic study of the facts 
would develope manv interesting features in the geography of 
the carboniferous world. In the Shrewsbury cocd-neld the coal 
strata rest on pre-carboniferous rocks, and m a narrow valley 
about 18 miles long and one mile wide. The strata belong to 
the uppermost portion of the coal measures, and are remarkable 
for a tnin bana of limestone which abounds in estuarine and 
marine organisms. This band has been traced into Lancashire 
and Wanvickshire, or over an area of about 10,000 square miles. 
The lower portion of the coal measures is not developed. The 
coal-fields of the Titterstone and Brown Clee Hills in Shropshire 



also belong to the higher coal measures, and rest on Devonian or 
old red sandstone rocks, and, like most of the beds of this period 
which are supported by pre-carboniferous strata, are situated 
upon elevated ground. There is, we believe, such a relation 
between the degrees of development of the carboniferous series 
and the vertical contour of the ground, that a map which indi- 
cated the respective areas where the carboniferous limestone is 
overlaid by the coal measures, where earlier rocks support these 
measures, and where carboniferous rocks appear not to have 
been deposited, would indicate the low level, middle level, and 
high level grounds of this period. The low level district would 
be that which was most persistently submarine, the middle 
level that which was less persistently submarine, and the high 
level that which remained permanently above the watej-s. 
Such a map would, moreover, give a generalised outline of the 
extent to which the land oscillated above and below the sea 
level of the carboniferous period. The break in Shropshire is 
traceable for many miles to the east ; thus in South Staffordshire 
the middle coal measures rest directly upon upper Silurian 
rocks ; in Warwickshire the lowest strata found oelong to the 
millstone grit, so that whether the carboniferous limestone is or 
is not developed is uncertain ; in Leicestershire the carboniferous 
limestone is very feebly developed and rests on Cambrian rocks, 
while the upper coal measures are absent between the middle 
coal measures and the Permian breccia. The only probable relics 
of them are some patches of grit, which seem to bear witness to 
an extensive denuaation of tms area at the close of the carboni- 
ferous epoch. This band of country from Shropshire to Leices- 
tershire, and perhaps farther east, was highland during a greater 
or less portion of this period ; and along it the sea, or rather 
marine deposits, appear to have encroached inland from the east 
towards tne west. Similar phenomena are apparent in pro- 
ceeding southwardly or northwardly from Sliropshire and 
Central Wales. How far this land may have extended towards 
the south and east is not known. The few facts bearing upon 
the subject rather countenance the "vdew that the whole of the 
south of England was then land. Thus the lowest beds of 
the Bristol coal-field die out towards the east, a phenomenon 
which in itself proves little, but suggests that the nigher beds 
also may disappear in their easterly extension beneath the 
secondary strata. The pebbles of the post-carboniferous de- 
posits south and east of the Staffordshire and Gloucestershire 
coal-fields are formed of pre-carboniferous rocks; and the 
deep well borings at Harwich and Kentish Town have revealed 
a great gap in the succession of strata, which gap may, or may 
not, represent the carboniferous series. 

Every coal-seam is a proof of the existence of land during the 
period of its formation ; and in the majority of cases it occupies 
a portion of its surface. That coal has generally been formed 
from vegetable matter which grew in situ, and not from such as 
may have been drifted, is now generally admitted by most 
authorities ; but there are some, as, for instance. Professor Jukes, 
who maintain that most coal-fields are accumulations of trans- 
ported matter, whether that matter be carbonaceous or detrital. 
The objections to the ' growth in situ ' theory are detailed by 
Professor Jukes in his memoir on the South Staffordshire Coal 
Field, to which we would refer the reader, while the arguments 
in support of the same theory are concisely stated by Principal 
Dawson in his ' Acadian Geology ' and other publications, which 
we quote, premising, however, that they are mainly founded 
upon the phenomena presented by the Nova-Scotian coal-fields. 
"The occurrence of Stigmaria under nearly every bed of coal 
proves beyond question that the material was accumulated by 

frowth in situ ; while the character of the sediments intervening 
etween the beds of coal proves with equal certainty the abun- 
dant transport of mud and sand by water. In other words, 
conditions similar to those of the swampy deltas of great rivers 
are implied. The true coal consists principally of the flattened 
bark of the Sigillarian and other trees, intermixed with leaves of 
ferns and CordaiteSf and other herbaceous debris, and with frag- 
ments of decayed wood constituting * mineral charcoal,' all these 
materials havmgmanifestly alike grown and accumulated where 
we find them. The microscopical structure and chemical com- 
position of the beds of cannel coal and earthy bitumens, and of 
the more highly bituminous and carbonaceous shales, show 
them to have been of the nature of the fine vegetable mud 
which accumulates in the ponds and shallow lakes of modem 
swamps. When such fine vegetable sediment is mixed, as is 
often the case, with clay, it becomes similar to the bitiiminous 
limestone and calcareo-bituminous shales of the coal measuies. 
A few of the underclays which support beds of coal arc of the 
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nature of the vegetable mud above referred to ; but the greater 
part are argillo-arenaceous in composition, with little vegetable 
matter, and bleached by the drainage from them of water con- 
taining the products of vegetable decav. They are in short 
loamy and day soils, and must have been sufticiently above 
water to admit of drainage. The absence of sulphurets and the 
occurrence of carbonate of iron in connection with them, prove 
that when they existed as soils, rain water, and not sea water, 
percolated them. The coal and the fossil forests present many 
evidences of sub-aerial conditions. Most of the erect and pros- 
trate trees had become hollow shells of bark before they were 
finally imbedded, and their wood had broken into cubical pieces 
of nuneral charcoal. Land-snails and galley-worms {Xytohius) 
crept into them, and they became dens or traps for reptiles. 
Large quantities of mineral charcoal occur on the surfaces of all 
the large beds of coal. None of these appearances could have 
been formed by subaqueous action. Though the roots of SigiJr 
laria bear some resemblance to the rhizomes of certain aquatic 
plants, yet structurally they are absolutely identical with the 
roots of Cycads, whicn the stems also resemble. Further, the 
SigiUarice grew on the same soils which supported Conifers, 
Lepidodendra, CordaiteSy and ferns — ^plants which could not have 
CTOwn in water. Again, with the exception, perhaps, of some 
PinnularUe and AsterophylliteSf there is a remarkable absence 
from the coal measures of any form of properly aquatic ve<;eta- 
tion. The occurrence of marine or brackish water animals in 
the roofs of coal beds, or even in the coal itself, aflfords no evi- 
dence of subaqueous accumulation, since the same thing occurs 
in the case of modem submarine forests. For these and other 
reasons, some of which are more fully stated in the papers 
already referred to, while I admit that the areas of coal accumu- 
lation were frequently submerged, I must maintain that the 
true coal is a subaerial accumulation by vegetable growth on 
soils wet and swampy, it is true, but not submerged. I would 
add the further consideration, already urged elsewhere, that, 
in the case of fossil forests associated with the coal, the con- 
ditions of submergence and silting up which have preserved 
the trees as fossils, must have been precisely those which were 
fatal to their existence as living plants — a fact sufficiently evi- 
dent to us in the case of modem submarine forests, but often 
overlooked by the framera of theories of the accumulation of 
coaL It seems strange that the occasional inequalities of the 
floors of the coal beds, the sand or gravel ridges which traverse 
them, the channels cut through uie coal, Uie occurrence of 
patches of sand, and the insertion of wedges of such material 
splitting the beds, have been regarded by some able geologists as 
evidences of the aquatic origin of coal. In truth, these appear- 
xmces are of constant occurrence in modem swamps and marshes, 
more especially near their maigins, or where they are exposed 
to the enects of ocean storms or river inundations. The lamina- 
tion of the coal has also been adduced as a proof of aqueous 
deposition ; but the microscope shows, as 1 have elsewhere 
pomted out, that this is entirely different from ordinaiy aqueous 
lamination, and depends on the 8Ui)erposition of successive gene- 
rations of more or less decayed trunks of trees and beos of 
leaves. The hunination in the truly aqueous cannels and carbo- 
naceous shales is of a verv different character." If then coal 
seams generally mark the site of former soils, it is manifest that 
a large portion of Great Britain, Europe, Northern Asia, North 
America, and probably other districts, coincides with the carbo- 
niferous land. 

The argument in favour of a carboniferous * Atlantis,* based 
upon the attenuation of strata, has been referred to in the case of 
the carboniferous limestone ; and Mr. Hull has worked out the 
same argument with reference to the later carboniferous rocks. 
For instance the coal measures are 1810 feet thick in South 
Staffordshire ; 2500 feet in Leicestershire ; 3500 feet in South 
Derbyshire ; 5000 feet in North Staffordshire ; and 6800 feet in 
Lancashire. This shows a general increase in the thickness towards 
the north-west ; and in Scotland the coal measures increase in 
their north-westerly extension. The coal-fields on the southem 
side of the supposed Central England barrier of land show a 
rapid increase in thickness towards the west ; thus the coal mea- 
sures of the Bristol coal-fields are 5125 feet thick ; while those 
of Glamorgansliire are upwards of 11,500 feet thick. In both 
fields the strata are almost exclusively detrital, limestone being 
absent or rare. 

In the North American coal-bearing or upper carboniferous 
strata, the rocks become coarser in texture, and more massive, 
towards the east and south-east ; and in support of this statement 
we append the observations of Professor H. D. Rogers : — "Com- 



paring in the first place the rocks of mechanical origin as they 
occur in different districts, we almost invariably find them 
coarsest and most massive towards the south-east, and more and 
more fine grained and less arenaceous as we pursue them across 
the successive parallel basins north-west. Thus in the anthracite 
coal-fields, which are the most south-eastern of all, the coal is 
interstratified wuth a vast thickness of rough and ponderous 
grits, and coarse siliceous conglomerates, but is associated with 
very little soft clay -slate or shale. In this region the coal 
slates themselves are more than ordinarily arenaceous, and bear 
a smaller proportion to the sandstones than in the basins more to 
the west At the same time, the coal rocks, viewed in the 
aggregate, acquire a finer texture in going westw the individual 
strata undergo a corresponding reduction in tliickness, while 
many of them entirely thin away. I may cite, as a striking 
instance of these changes, the great coal-conglomerate itself, 
which forms the general base of the main or upper coal- 
measures. This massive rock is chiefly composed of large quartz- 
ose pebbles imbedded in coarse sand. Adjacent to its most 
south-eastern outcrop in Pennsylvania — that is to say, in Sharp 
Mountain, where it constitutes the boundary of the first or 
Pottsville basin — it has a thickness of nearly 1500 feet ; but in 
the mountains which embrace the Wyoming coal-field, about 30 
miles to the north-west, the thickness of the formation is only 
500 feet ; while still farther across the chain, where it becomes 
the general floor of the coal-measures imder the bituminous 
form, in tlie basins north-west of the Alleghany Mountains, 
its entire thickness seldom exceeds 80 or 100 feet. Tracing it 
across the great western coal-field, until we encounter its last 
outcrop in Western Pennsylvania, Ohio, and Kentucky, this 
wonderfully expanded rock dwindles to a thin bed of sandstone, 
sprinkled with a few pebbles, its whole thickness amounting 
generally to only 20 or 30 feet There is a corresponding and 
quite as striking a diminution in its constituent fragments, the 

Eebbles in the most south-east belts of the formation being often as 
irge as a hen's egg, while in the north-west their diameter is 
reduced to that ofa pea. A similar gradation obtains in the 
thickness and coarseness of nearly all the interstratified sand- 
stones and other mechanical members ot the formation. I 
conceive that this interesting fact, fully established by the 
surveys of Pennsylvania and Virginia, shows beyond all question, 
that the south-east was the quarter whence the coarse materials 
of the coal rocks were deriv^. But there are not wanting other 
proofs that the ancient land lay in that direction ; these will be 
presently detailed in describing the gradations witnessed in the 
limestones and beds of coaL The above general law of distribu- 
tion relates, it should be observed, only to tlie coarser mechanical 
aggregates, since there are some apparent exceptions to its 
generality among the finer grained slates and shales. Though 
the texture of these continues to grow finer as we advance west, 
some of the strata, when individually traced, seem to increase 
for a certain distance in thickness. This curious circumstance, 
which belongs, indeed, to many of the more argillaceous members 
of our Appalachian formations, so far from invalidating tJbe above 
inferences respecting the west transportation of the sediments, 
comes beautilully to confirm them, since it is evident that 
until a current, holding in suspension a quantity of sedimentary 
matter, declines in velocity to a certain point, it cannot let fall 
any considerable amount of the smaller particles. After it has 
reached a given degree of ret^udation, the finer materials will 
subside, and in an increasing quantity, up to a certain point, at 
which the loss of velocity in the current is compensated by the 
exhaustion of material, whence gradual and final thinning of the 
deposit will take place. If we examine in the next puce the 
gradations of thickness visible in the limestones and other 
marine deposits, they will be found to lead to precisely similar 
inferences respecting the position of the ancient land. Viewed 
either together or individually, the limestones of the coal 
measures of Pennsylvania, Vii^ginia, and Ohio, di^lay a 
remarkably uniform augmentation as we trace them westwari 
Thus, throughout all the south-east basins, comprising the 
whole of the anthracite coal-fields of Pennsylvania and the 
Broad Top Moimtain in the same state, the formation exhibits a 
total absence of limestone, and a corresponding deficiency of 
calcareous matter in the shale and iron ores. Advancing, how- 
ever, a distance of 25 or 50 miles north-west to the general 
south-east margin of the great bituminous region, where we 
enter on the tot of the cnain of partially insulated trouglis, 
adjacent to the escarpment of the Alleghany Mountains, we no 
longer encounter a total poverty of limestone, though we still 
meet with a striking deficiency. As an evidence of this, let us 
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take one of the basins of the Alleghany Mountains — ^that, for 
example, which lies near the head of the Potomac river. The 
minute researches there made, in connection with the geological 
surveys of Virginia and Pennsylvania, have shown that the total 
thickness in the limestones, counting all the thin bands and 
layers of nodules, does not probably exceed 10 feet. This state- 
ment is confirmed by a pamphlet on the same coal-field, 
describing the land of the George's Creek Company, by Messrs. 
Alexander and Tvson. In their very full section of tne strata 
we do not see a single band of limestone introduced. Turning 
to the Moslianon basin, in Centre County, which is also a 
marginal trough of the great west coal-field, the entire quantity 
of Imiestone appears to be about 7 or 8 feet If, however, we 
pass west from tnis south-east line and cross the great coal-field 
by any section between the Susquehanna in Pennsylvania and 
the Little Kenawha in Virginia, we witness a regularly progres- 
sive expansion of the calcareous rocks." After some details, 
showing that the limestones increase from zero in the Broad 
Top basin to 200 feet at Wheeling, beyond the Monongahela 
river, the Professor goes on to notice that the conclusions drawn 
from the limestones and detrital rocks mutually support each 
other. He next deals with the phenomena presented by the 
coal seams. Many of them are of a very sbght extent ; but 
there are not a few, more especially the tliicker seams, which 
have an extraordinarily wide outspread. 

One seam, for example, known as the Pittsburg coal, has been 
traced over an elliptical area 225 miles across in one direc- 
tion, and about 100 miles in another ; so that its superficial 
continuous extent would be about 14,000 square miles. The 
same seam is, however, present in several outlying portions 
of the coal measures, so situated as to imply a former area 
of at least 30,000 square miles. How much larger it may 
have been cannot be estimated owing to the extensive denu- 
dation of the margins of the coal area. This seam is re- 
markably uniform in its thickness over considerable spaces, 
but taken as a whole it thins out gradually from 2 feet 
in the west to 12 or 14 feet in the east ; the increase is less 
towards the south-east than towards the north-east, indicating 
that it was in the latter ilirection that the uplands were situated. 
Considering then how vast is the bulk of the material which has 
been transported to form the upper carboniferous formations of 
Great Britain and North America, and knowing that many of 
the later and earlier British strata were derived from a western 
source, land must have formerly been far more abundant in the 
North Atlantic than it is now. 

Not only must the land have been extensive that supplied 
our coal measures, for a series of islands would not have oeen 
sufficient, but denudation must also have been very great. 
Denudation, or rather the effect of denudation, is, in our 
opinion, as important a clue to the physical geography of this 
period, and indeed of all periods, as stratigraphy. Strati- 
graphy is the study of the distribution and succession of strata, 
and has been deservedly much cultivated by geologists; the 
study of denudation indicates the amount of material which 
has been removed, and the periods during which such removal 
took place, and should be, but is not, the constant handmaid of 
stratigraphy. To dwell upon the stratigraphy is to tell half the 
story only ; for to complete the cycle we ought to follow the 
material in its joumeymgs from resting-place to resting-place. 
The defect is apparent and easily pointed out, but it is a far 
more difficult matter to remedy it. The pre-carboniferous and 
carboniferous rocks are much denuded, but how much of that 
denudation took place in carboniferous times? We can, how- 
ever, mention one or two minor cases of denudation as they 
support to a certain extent the terrestrial origin of coal. In 
many coal-fields the seam of coal is suddenly interrupted by a 
patch of sandstone or clay, which phenomenon is variously 
called " horse," " horse back," and **' rock fault." Many cases of 
this kind are the filled up channels of a river or stream which 
flowed across the coal seam. De la Beche has described one in 
Gloucestersliire as consisting of a channel from 130 to 340 yards 
in breadth, which has been traced for two miles in a south- 
easterly direction. Connected with and debouching upon it are 
a seiics of smaller and shallower channels. The whole arrange- 
ment is remarkably like a river system, the sandstone being cast 
in the valleys of excavation. Similar, but smaller, rock faults 
occur in the Leicestershire coal-field. Jukes mentions one in 
the coal-field of South Stafl'ordshire, in which the slope of the 
sides was about 7^, and the depth in the centre at least 60 feet. 
He distinguishes a second kind of rock fault, which was formed 
by local hillocks around which the coal was formed. One or 



two other cases of carboniferous river valleys are mentioned in 
a subsequent part of this article. 

In connection with denudation as evidence of land surfaces, 
we would mention the "boulder" bed at the base of the 
Talcheer group in the Cuttack district of India, although its 
precise age is uncertain. At present it appears to belong to the 
later part of the palasozoic epoch, and may be carboniferous, 
permian, or pre-mesozoic. It rests upon gneiss, and is appa- 
rently distributed in patches. It consists of large blocks of 
granite and gneiss, some of which are five feet m diameter, 
imbedded in a matrix of variable fineness of grain. Sometimes 
it is a coarse sandstone, and at otliers it is an exceedingly fine 
shale. The blocks are for the most part rounded and without 
any apparent traces of striaD. In the sandstones associated with 
them there are a great many small irregular and angular lumps 
of shale, of a kind similar to the shales imbedded with the 
sandstones. As no older sedimentary strata have been found in 
the immediate district it is difficult to account for the origin of 
this shale. But there is a phenomenon, of common occurrence 
in some of the large rivers of India of the present period, which 
throws some light upon it. During the dry season they diminish 
so much as to become converted into a series of large shallow 
pools. The fine sediment collects in these, and a portion of the 
mud round the edges becomes hardened by the sun. When the 
river is in flood, lar^e fragments of the mud are carried down the 
river and deposited in places where sand usually collects. If 
these conditions coincided with a cold winter temperature the 
action of shore ice would effect the same result. 

So far as these few facts admit of an opinion being formed, we 
should conjecture that the boulders, previously rounded by 
attrition, had been transferred to the "boulder bed" by the 
action of shore or groimd ice in a river, or in a lake near a river ; 
and that they belong to what we have termed the fifth mode of 
occurrence of boulders, under Boulders, E. C. S. cols. 163, 164. 
This, together with the suggested explanation of the angular 
fragments of shale, would imply a climate liable to mild frosts 
in winter, and to considerable heats in summer; a climate some- 
what like that now existing in Thibet, that is, in a country a 
few degrees to the north of Cuttack. 

Such are a few details bearing upon the existence and location 
of the land of this period; but before we enter upon a con- 
sideration of its inhabitants, we will add a few supplementary 
remarks to the accounts already given [Coal Formation, E. C] 
of the stratigraphy of the coal-fields of North America In so 
doing we propose to take up each district in North America, 
beginning witn those on the east and ending with those on the 
west, and following them up generally from the north towards 
the south. 

The first district, then, that calls our attention is Nova Scotia, 
where the upper carboniferous series is arranged in three divi- 
sions by Dr. Dawson. (1.) The lowest is the 'Millstone grit 
formation,' which consists of sandstones, shales, and con- 
glomerates, with little or no coal, and but few plants. Red and 
soft beds prevail in the lower part, and beds of coarse grey 
sandstone in the higher part, wnich sandstone frequently con- 
tains trunks of the conifer, Dadoxylon Acadianum, Its thick- 
ness is between 5000 and 6000 feet. (2.) The * Middle Coal 
Formation,' or coal measures proper, overlies the first division, 
and contrasts with it and the highest division, in that the beds 
are of a more neutral tint, and not ruddy. The strata chiefly 
consist of dark shales and grey sandstones, while conglomerates 
are absent. The principal beds of coal are in this division, 
but, as is implied in the name, there are co^ above it and 
below it. The lower series forms the lowest portion of the 
lower carboniferous series, occurring indeed below what is 
considered to represent the carboniferous limestone. The most 
prevalent fossils are SigiUaricEy StigmaricBy Filices, Cordaites^ 
Galamit^s, Entomostracay Anthracomya, and Svirorbis, The total 
thickness is about 4000 feet. (3.) The * Upper Coal Forma- 
tion' consists of sandstones, shales, and conglomerates, asso- 
ciated with a few bands of limestone and coaL The larger 
number of the beds are stained red, and alternate with othera 
of a grey tinge. The principal plants are Calamites Suckoviiy 
Annularia galioideSf Cordaites simplexy AUthopteris nervosa, 
Pecopteris arhoresceiis, Dadoxylon materiarum, Lepidophloios 
parvus, and Sigillaria scutellata. The total thickness is about 
3000 feet Hence it would seem that in Nova Scotia the 
upper carboniferous formation is 16,000 feet thick, a thickness 
wnich is imparalleled anpvhere else. Great as the thiclmess is, it 
does not appear to be exaggerated, for upwards of 14,000 feet are 
exposed in one section, a section which many excellent obsen^^eis 
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have testified is continuous, and which has long been celebrated 
as the 'Joggins' section. This section is so instructive that 
we feel veiy much disposed to insert here the detailed enu- 
meration of the beds as worked out by Logan, Lyell, and 
Dawson, but we must content ourselves with tne following 
generalised account of the latter from Dawson's 'Acadian 
Geology,' 2nd edition : — 

Commencing at Seaman's Brook in Mill Cove, and taking 
Logan's carefully detailed section as our guide, we see in the 
low cliff, and in the shore-reef, beds of reddish and gray sand- 
stone, alternating with reddish shales or beds of hai'dened and 
laminated clay. In a few places we find among these beds layers 
of gypsum and of a coarse sandy limestone. In several of the 
gray beds there are fragments of trunks and branches of trees 
converted into coal, and resembling, what they certainly once 
were, drift trees imbedded in sand-banks. Associated with these 
remains we find in four of the beds small quantities of the gray 
sulphuret and green carbonate of copper, minerals introduced 
into these beds by waters holding sulpnate of copper in solution, 
which the carbonaceous matter of the fossil wood has deoxidised, 
and thereby caused its de^sition. Such appearances are not 
mfrequent in beds containing fossil plants, out they have not 
hitherto been found to afford sufficient quantities of copper to be 
of any practical value. I may also remark here, in connection 
with the occurrence of fossil plants in gray rather than in red 
beds, that in the coal formation, as in the modem marshes and 
peat bogs already described, the presence of vegetable matter has 
often destroyed the red colour of beds tinged with peroxide of 
iron, and hence the fossils are in some sense the cause of the gray 
colour of the beds in which they are found. Beds of the kind 
just described occupy the shore to a distance equal to 2308 feet, 
as ascertained by the careful measurement of each bed made by 
Sir W. Logan. I may remind the reader that as these beds dip 
to the south-west, we are constantly proceeding from older to 
newer beds. In the succeeding 3240 feet of beds we find a 
similar series, with some additional features indicating our 
approach to the great masses of fossil vegetables entombed in the 
true coal measures which overlie them. There are here nine 
seams of coal, all very thin, their total thickness being only ten 
inches, and under each seam we observe a bed of clay or 
crumbling argillaceous sandstone, with remains of roots belong- 
ing to plants to be noticed hereafter, and which had much to do 
with tne accumulation of the coaL We find also in this thick 
series of sandstone and shales several bands of hard black lime- 
stone, yielding a bituminous and almost animal smeU when 
rubbed or struck, and containing abundance of little diamond- 
shaped plates with smooth and polished surfaces, which, if we 
are acquainted with the animals of the coal period, we recognise 
as the scales of a singular tribe of fish, the ganoids, of which 
numerous species abounded in the carboniferous period, but 
which are now represented in America only by the bonyjpike of 
the Canadian lakes, and a few other fresh- water fishes. Tnere is 
also in this part of the section a far greater prevalence of gray 
sandstones than in the part previously noticed, and in these gray 
sandstones are immense quantities of fossil plants, most of them 
tnmks of trees confusedly intermingled, and flattened more or 
less by pressure ; others long, cylindrical, reed-like stems 
(CalamitesY or immense creeping roots dotted all over with pits, 
from whicn their rootlets sprang {Stigmarias), In most of these 
fossils the bark is converted into nard shining coal, but the wood 
has decayed away, and the l4pllow cavity left within the bark 
has been filled with sand, now hardened into stone like that 
without. This is a distinct process from petrifaction properly so 
called, in which the minute cells of the wood become so filled 
with mineral matter that the minutest parts of the structure are 
preserved. Some of the gray sandstones of this part of the section 
are of great thickness, and in them are the most important 
quarries of the Joggins grindstones, which are exported to all 
parts of the United States. These grindstones have been formed 
&om beds of sand deposited in such a manner that the grains 
are of nearly uniform fineness, and they have been cemented 
together with just sufficient firmness to give cohesion to the 
stone, and yet to permit its particles to be rubbed off by the 
contact of steel. A piece of grindstone may appear to be a very 
simple matter, but it is very rarely that rocks are so constituted 
as perfectly to fulfil these conditions, and hence the great demand 
for the Joggins stone. This part of the section suggests many 
interesting inquiries respecting the mode of formation of some of 
its beds ; out I postpone these until we arrive at those portions 
which show coal measures proi)erly so called on a somewhat 
larger scale. Proceeding along tlie coast, we find Xhat the strata 



last described are overlaid by a series amounting to 2082 feet in 
vertical thickness, and differing from the last group of beds in 
containing fewer gray sandstones, no coal seams or bituminous 
limestones, and comparatively few fossil plants, and these but 
imperfectly preserved. This series, then, consists in great part 
of reddish shales and reddish and gray sandstones* These, and 
indeed the greater part of the rocks composing the part of the 
section we have examined, must originally nave consisted of beds 
of reddish sand and mud spread over the bed of that ancient car- 
boniferous sea, once tenanted l)y the shells of the Napan limestone, 
much in the same manner that layers of mud are now deposited 
in the Bay of Fundy. We have now, after passing over beds 
amounting altogether to the enormous thickness of 7636 feet, 
reached the conmiencement of the true coal measuixi^, or that 
part of the section which was examined in detail by Sir Charles 
Lyell and the writer in 1852 and 1853. Owing to the comparar 
tive softness of the last group described, they have in many ^aces 
been worn down to the level of the beach, so that they cannot 
be very distinctly observed. Fortunately, however, just where 
the section becomes most interesting, tne beds rise into a high 
cliff, and every one can be measured, and its mineral character 
and fossil contents be observed, by any person who is content to 
labour diligently, and who is not too apprehensive that he may 
be buried under the falling cliffs, which, especially in the spring 
and in stormy weather, often send do^vn very threatening showers 
of stones and sometimes terrible landslips. Proceeding along 
the coast from the Joggins mines, we find, toward Ragged Reef, 
coal measures still exposed, but with fewer and thinner beds of 
coal. At Ragged Reef there are again veiy important and valu- 
able beds of grindstone. Beyond this, all the way to Shoulie 
River, the coast shows sandstones and shales belonging to the 
upper coal formation. In this we no longer find beds of coed ; 
red sandstones and shales become more abundant, and the gray 
sandstones become coarse and pebbly, holding rounded fragments 
of quartz and syenite similar to that of the Cobequid Mountains. 
Fossils are not abundant, but Calamites, Stigmariay Lepidodendraj 
and large petrified trunks of the pine trees of the coal formation, 
still appear. The general aspect of these beds is' to a great 
extent similar to that of the millstone grit series, and this upper 
mass of barren coal measures may perhaps be defined to be the 
weight laid upon the coals to compress them into the required 
consistency. The whole coal formation and its accompaniments 
may thus be compared to a huge botanical drying press. The 
millstone grit is the lower board ; the true coal measures repre- 
sent the plants laid out between leaves of clay and sand instead 
of paper, and the upper coal formation is the upper board and 
weight Towards Shoulie River the dip of the beds diminishes 
to 5^, and beyond this little stream, which seems to be in the 
middle of the synclinal, the dip changes to north-east, and the 
beds are repeated with these north-easterly dips, until at Apple 
River they finally rest against those old rocks of Cape Chieg- 
necto, which fonn the limit of the Cumberland trougn in this 
direction. 

The Joggins strata form part of a coal-bearing area which 
extends in a broad bay opening towards the north-east. This 
area has only partially been investigated, but it now supports 
several important mining establishments, more especially in its 
eastern horn formed by the Sydney coal-field. Between these 
and Bale des Chaleurs there are considerable developments of 
upper carboniferous rocks and numerous seams of coal. The 
area appears to have, at one time, covered a far larger space, for 
carboniferous rocks occur in the Magdalen Islands and in New- 
foimdland. 

During the last twenty or thirty years large portions of the 
United States have been minutely surveyed under State 

Eatronage, and this has necessarily led to an immense accumu- 
ition of details respecting the mode of occurrence of the prin- 
cipal natural useful materials, more especially of coal. The 
largest coal-field in the world is that forming the great Appa- 
lachian basin, the size of which is somewhat greater than Pro- 
fessor Ansted's estimate as given in E. C. Its length from 
Pennsylvania on the north-east to Alabama on the south-west 
is about 875 miles, its greatest width is situat(Nd in Ohio, and is 
about 180 miles, and its area, as estimated by Professor Rogers, 
is nearly 70,000 square miles, or more than one-third of the total 



known coal area on the globe. 



In Pennsylvania the strata are highly undulated, the waves 
being highest on the south-east margin, and flattening out 
gradually towards the north-west. Where the waves and tlie 
strata are most compressed the anthracitic variety of coal pre- 
dominates ; in passmg to the north-west the waves become 



223 



CARBONIFEROUS SYSTEM. 



CARBONIFEROUS SYSTEM. 



224. 



broader, and the coal semi-bituminous ; and still further north- 
west the undulations die away, and the strata contain seams of 
bituminous coal. There are very few localities in which both 
anthracite and bituminous coal are found. The strata which 
contain the anthracite are far less extensive than those which 
contain the bituminous coal ; the former occupying but a few 
hundred square miles in Pennsylvania, while the latter are 
spread over an area of nearly 13,000 square miles. The two series 
of beds are also for the most part of different ages, that contain- 
ing anthracite being the older. The upper carboniferous for- 
mation of this state is grouped by Professor Rogers into five 
divisions. (1) The first ana lowest is a conglomerate which 
forms the floor of almost the entire Appalachian basin. It is 
usually a gray and whitish quartzose conglomerate alternating 
with yellowish and gray sandstone, and in some localities it 
comprises a few small seams of coal. In the more eastern or 
antnracitic portion of the coal-field it consists of large pebbles 
and coarse sandstones, but further westwards the size of the 
pebbles is much less. (2) The second division is called the 
* Older Coal Measures.' It rests upon, or rather is interblended 
with, the conglomerate, since their contiguous beds alternate 
with one another. The lower limit is arDitrarily fixed at the 
base of the lowest considerable coal seam, and the upper limit is 
bounded by the * Mammoth ' coal of Pottsville. The strata con- 
sist of sandstones, slates, and shales, but the latter two are more 
sandy in the anthracite region than the argillaceous beds of 
the bituminous basin ; while limestones are never met with in 
the same district as anthracite. The coal beds are of unusual 
thickness, some of them being as much as 25 or 30 feet thick. 
In the western districts the lowest sandstones are saturated 
with brine, but no such fluid occurs in connection with the 
anthracitic conglomerates and sandstones. Professor Rogers 
says the latter were either never impregnated with salt, "or their 
more crushed and uplifted condition has caused it to filter away 
to inaccessible depths; or, what is more probable still, the 
steaming which the anthracite coal measures underwent during 
their metamorphosis has exhaled the chloride of sodium which 
they contained." The gradual change in the nature of the 
strata in their westerly extension is especially noticeable. The 
shales and sandstones become less sandy, and more minutely 
comminuted, the fire-clays become more purely amllaceous, and 
calcareous matter increases towards the west. In the extreme 
west of Pennsylvania there are usually three bands of limestone, 
each of which has its peculiar palseontological characters. The 
thickness of this series is about 600 feet. (3) The third division 
is called the * Older Coal Shales,' or * Lower Barren Group,' and 
has onlv been recognised in the western coal-fields. It consists 
of thick strata of variegated sandstones, associated with red, 
yellow, and blue marls, and a few beds of argillaceous lime- 
stone. The limestones occur near the summit of the group, 
which is about 500 feet thick, and augment in thickness towaras 
the west. There are no important coal seams. (4) The * Upper 
or Newer Coal Measures' have an average thickness of about 
200 feet. In the east they consist of argillaceous sandstones, 
calcareous shales, and thin beds of limestone ; but towards the 
west the arenaceous and aig:illaceou8 materials diminish in bulk, 
while the calcareous members gradually increase xmtil the group 
consists almost entirely of calcareous shales and limestones in 
Ohio. This group comprises the Pittsburg and Waynesburg 
coal seams. (6) The * Upper or Newer Coal Shales, or Upper 
Barren Group' is known only in the south-west comer of Penn- 
sylvania, and has a thickness of somewhat less than 1000 feet. 
There are a few unimportant seams of coal, and a number of 
limestones, but the great bulk is composed of sandy shales, and 
micaceous sandstones. 

The number of workable seams of coal is larger in Pennsyl- 
vania than in any other of the United States ; and, as a general 
inile, the aggregate thickness of the coal measures lessens, and the 
number of the coal seams become fewer, as we advance towards 
the south or towards the west. The principal seam in Pennsyl- 
vania is the * Pittsburg coal,' which is not only remarkable for 
its thickness, but also for the immense area over which it has 
been detected. It appears to have an elliptical out-crop, and to 
have a superficies ot 14,000 square miles. It is remarkably 
uniform in its character, but its thickness varies from 15 feet in 
south-west Pennsylvania to 3 feet in its southernmost range. 
The higher beds in Pennsylvania are more uniform and constant 
than the lower, a character which Professor Rogers observes is 
probably connected with a more marine or less littoral origin, as 
evinced in a lai^r proportion of limestones and other oceanic 
deposits, in a fmer state of comminution of the land-derived 



sediments, and especially in a greater abundance of marine forms 
among the fossils. 

The Michigan coal-field occupies the central coimties of that 
state to the extent of between 12,000 and 15,000 square miles ; 
but little is known respecting it, owing to its being generally 
concealed by drift deposits and dense forests. It was, as is 
believed, originally continuous with the great basins farther 
south. 

The Illinois coal-field forms a somewhat oval patch, the long 
axis of which measures 275 miles, and the short one about 200. 
The total area ia estimated at not less than 51,000 square miles. 
The floor of the basin is undulated by minor folds, in the valleys 
between which the coal-bearing strata were deposited. Accord- 
ing to Dr. Norwood the strata nave been displaced and eroded 
since the commencement of the coal measure period, so that the 
upper portion of these is frequently imconformable to the lower 
portion. 

In the Western Kentucky coal-field there are two sets of coal 
measures, which are separated by a sandstone, locally termed the 
'Anvil Rock.' The lower coal measures are 1029 feet thick, 
and contain nine workable coal seams ; the upper coal measures 
are about 2400 feet thick, and embrace eight workable coal seams. 
The aggregate thickness of all the coals is estimated at 40 feet 
This field also has an xmdulated structure. 

The Iowa and Missouri coal-field stretches from Missouri 
through Iowa into Kansas, and perhaps farther west. The dip 
is generally westerly, and in the direction of the dip there 
follows a series of higher strata which have been ic^ntified 
as of Permian age. In Missouri the coal measures occupy 26,887 
square miles, and are divisible into three groups. Tne lower 
series has a thickness near the mouth of the La Mine of 150 feet, 
and includes six coal-seams ; the lowest is 3 feet thick ; the fifth 
from the bottom 6 feet, and the others are of inconsiderable 
dimensions. The associated strata are mostly bituminous shales. 
The middle coal measures have an average thickness of about 
200 feet, and consist of brown and gray sandstones, blue and 
yellow shales, and compact blue and buff limestones. There are 
also a few thin seams of bituminous coal. The upper coal 
measures are about 300 feet thick. They contain no workable 
coal seams, but numerous thin bands ; and consist of blue and 
gray shales, gray and buff limestones, and soft shaly sandstones, 
all the strata being more or less bituminous. 

The Iowa coal measures are an extension of those of Illinois, 
the present separation beins due to the formation of the Mis- 
sissippi Valley, which has oeen excavated out of the carboni- 
ferous and subjacent rocks. In this state also there are facts 
which point to an unconformability between the upper and 
lower carboniferous series ; as also to extensive alterations of 
level and denudations of the beds in the interval between their 
deposition. Thus, in traversing the district from north to south, 
the coal measures are obsen'ed to rest transgressively, first upon 
pre-carboniferous strata, and then upon each of the members of 
the lower carboniferous series, from the Burlington limestone 
at the base to the KaskaBkia limestone at the summit. In 
addition to these, there are other irregularities, ah accoimt of 
which we quote from Hall and Whitney's ' Report on the 
Geology of Iowa,' vol. L, because they afford evidence of some 
of the caves, and possibly river valleys, which were formed 
during the carboniferous period : — " Beyond these irregularities 
of surface, there are cavities in the limestone of the Upper 
Helderberg period, which are filled with greenish-gray clay, like 
the under-clay of coal seams. These are so numerous and de- 
cided in their character, as to leave no doubt that they are ancient 
enlarged fissures and cavernous openings made by running water, 
and eSteiwards filled with clay during the deposition of the coal 
measures. One of the most remarksible exhibitions of this kind 
occurs in the vertical face of a quarry at Rock Island. The strata 
consist of shales and shaly limestones of the Hamilton group, and 
some beds of the limestone of the Upper Helderbeig. The sur- 
face of the rock beneath the superincumbent soil presents a 
depression which deepens into a broad funnel-shaped cavity 
gradually narrovring below till within ten feet of the bottom, 
when it spreads out on one side with an irregularly arching roof 
and an unequal floor. It is filled from top to bottom with hard 
clay, similar to the under-clay of coal seams. At the top of the 
funnel this clay is of a reddish brown colour, due to the infiltra- 
tion from the ferruginous soil above ; but below it soon becomes 
of the ordinary gray colour. The laminations of this clay conform 
to the curvatures and irregularities of the roof and floor of the 
ancient cavern, and exhibit the appearance of having flowed in 
while in a semi-fluid condition, while the hydrostatic pressure of 
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the mass above, acting through the deep funnel, had forced the 
soft mass against the walls and roof of the cavity, causing it to 
assnme in its lamination the same contour. . . . The 
conclusion seems, therefore, irresistible that subsequent to tlie 
uplifting of these rocks, the denudation of their sunace and the 
wearing into caverns, the materials of the coal measures were 
deposited, filling these cavities, and resting in successive members 
upon the surface of the older rocks. If anjrthing were wanting 
to complete the chain of facts and carry the most conclusive 
evidence, it is found in a section near Iowa city, where, in a cliff 
of limestone of the Hamilton group, we have the following phe- 
nomena : — Between beds of nearly horizontal limestone appears 
a black band extending thirty or forty feet ; this consists of olack 
carbonaceous mud, the upper part having the character of cannel 
coal and the lower part that of a slaty carbonaceous shale. Beneath 
this, and less extended, a thicker layer of clav, precisely like that 
which is found in the cavities before describea and of the cha- 
racter of underclay, fills the upper and broader part of the 
cavity ; while below this, and occupying the broadest parts, is a 
coarse sandstone, which follows, in its lines of lamination, the 
curvature of the limestone upon which it lies. Here we have 
all the phenomena attending a true coal measure seam of coal ; 
the sanostone, the underclay, and the coal seam resting upon it ; 
and, to complete the analogy, the slaty portion of the seam 
contains fish-teeth of carboniferous character. All this is 
enclosed in limestone, which, in the State of New York, lies at 
a depth of more than five thousand feet below the coal measures. 
The explanation is obvious. This instance corresponds with 
the preceding, being only a little more complete in its series of 
members, while the aperture of admission is not visible in the 
exposure. The coarse and fine sand were first transported, and, 
entering some fissure in the rock, continued in deposition in the 
cavity while a bed of similar sandstone was being formed 
outside and upon the bottom of the sea. This ceased, and then 
came the clay, which was continued in like manner while the 
underclav of an exterior coal bed was in process of deposition. 
Lastly, the carboniferous mud derived from the materials of a 
coal seam was filtered throueh the fissure, filling the remaining 
space, and spreading out in uie narrow seam beyond. There is no 
mingling of the materia as if resulting from the breaking up 
of a coal seam at a later and modem period. Every part is as 
distinct as in the coal measures elsewhere ; and this could only 
have resulted from a participation in the causes then operating 
to produce those extensive beds of sand, clay, shale, and coat, 
which make up the coal measures.'' The same author mentions 
another section near the same city in which a carboniferous 
sandstone, horizontally stratified, lies in the midst of a Devonian 
limestone, which is also approximately horizontal. There is 
nothing to show that a fault exists ; but the facts indicate that the 
sandstone is situated in a valley denuded out of the limestone. 

Plants may be distinguished as belonging to two great groups, 
the spore-bearers or Cryptogams, and the seed-producers or 
Phanerogams. The former embrace the flowerlessplants, which 
may be grouped as ThaUogens and Acrogens. Tne former in- 
clude all the flowering plants, and mav be grouped into the 
three divisions of the uymnosperms, the Endogens, and the 
Exogens. 

lAie inaUogens include the sea-weeds, the mushrooms, and the 
lichens, of which very few traces liave been found in the coal 
measures. The Acrogens comprise the lycopods, the mosses, and 
the ferns, and were, to judge from their relics, remarkably 
abundant, although no positive evidence appears to have been 
acquired respectmg one entire group, viz., that of mosses. 
Lesquereux says the genus Sphagnum is present in the coal of 
America, but his opinion is founded upon a few obscure impres- 
sions. This absence, or at any rate rarity, of a ^up of plants 
which plays so important a part in the formation of peat, the 
modem analogue of coal, is a remarkable fact. There is another 
family, viz., the Characece, so characteristic of the stagnant pools 
and slowly flowing waters of the present day, whose absence 
from the coal measures may be especially referred to. The 
Equitetaeea, or Horse-tail family, is the nrst we come to in 
ascending order, which affords unquestionable carboniferous 
representatives. The genera included in it by Dr. Dawson are 
Calamitesy EquuetiUs, Aaterophyllites, AnmUaria, Sohen4)phyllumy 
and Pinnulariii, Of CcUamites he has discoverea and figured 
several entire specimens ; and from the examination of these he 
has ascertained that the stem was hollow, divided at the joints 
by transverse diaphragms, and not surrounded either by true 
wood or bark. The part which has usually been regarded as 
bark is only a thin external shell of fibres and scalariform 
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vessels. The species formed dense brakes in moist localities 
subject to frequent inundations; and eight or nine of them 
have been found in Nova Scotia. One of the commonest is 0, 
Suckovii; besides which he enumerates G, Cistiiy C. cannotformu, 
(7. ramosusy C. Voltzii, C. dubius, C, NovorSkotica^ C. nodostu, 
and G, areruicetu {Tj, Lesquereux records 11 species from Penn- 
sylvania, viz., 0. decoratus; G, Suckoviif which forms a forest 
round Carbondale ; G, ramomu; G. cruciatug; G, undtdattu; G, 
Gistii, of which one specimen only has been foxmd, so that it 
would seem to have been far more abxmdant in Nova Scotia 
than in Pennsylvania ; G, dubius; G, cannaformis; G. bUtriattu; 
G. diajunctus; G, approximatuSf a common species in Penn- 
sylvania, but not mentioned by Dr. Dawson in his list of Nova 
Scotian species. In the Saarbriick coal-field there occur G, 
canruBformu, G. Suckovii^ G, Gistiif and (7. cruciatus; in that near 
Aachen there occur G. eannatformis, G, Suckoviiy G, approximatus: 
these three species also occur in the Westphalian basin, alon^ with 
G. Roemeri and (7. Gistii; and four of these, the exception being G. 
Boemeri, range to Hanover, Bohemia, France, Sardinia, and 
Russia. Equisetites includes plants more like the modem norse- 
tails than Galamites; but very little seems to be known respect- 
ing it. Dawson describes one species from Nova Scotia ; and 
one or two are mentioned as bemg found in many coal-fields, 
but most of the species assigned to this genus do not belong to 
it AsterophylUtes resembles Galamites in its ribbed and jointed 
stem, in its whorls of leaves or branchlets, but differs from it in 
that the leaves have distinct middle ribs ; it resembles Galamo- 
dendron in having a stout internal cylinder. Five species occur 
in Nova Scotia, viz., A. foliosa, A, grandis{T), A, trinervit, A, 
curia, and A, sp, not determined. Lesquereux describes nine 
Pennsylvanian species, viz.. A, equisetiformiSf A.folwsa, A. eras- 
neaulis, A, ovalis, A, subldvis, A, ivhercuUUa, A, kmceolcUay A, 
aperta, and A. Brardii. Qermany has afforded A. rigida, A, 
longifolioy A. equuetiformis, A, grandisj A. foliosa; wmle only 
a lew species, including A» rigida, are recorded from Russia. 
Annulana is probably the same as AsUrophyUites, Two species, 
A, spikenophyuoides and A, emmttiformu, occur in Nova ^^otia ^ 
three, or perhaps four, in Pennsvlvania, A, minuta. A, fertilis, 
A, kmgifoliay and A, y^fufnophylhides ; four in Qermany, A, 
loTigifolia, A, sphenophyuoides, A, microphyUa, A, radiata; two 
in France, A, longifolta and A. sphenophyllouUs; and the last- 
mentioned two are probably also founa in Russia. Spiheno- 
phyUum, like many other genera of this period, is a comprtr- 
hensive type, that is, it embraces characters whicn are now dis- 
tributed amongst several families. Dawson believes the species 
were cryptogamous plants which had a habit of growth like that 
of the Equuetacecg, leaves like those of ferns, and fructification 
and structure like those of the Lyeopodiace€e, There are five Nova 
Scotian species, S, emarginalum, S, tongifoliumf S, saxifraga^olium, 
S. SchloOieimii, 8, erasum, Lesquereux gives five Pennsylvanian 
species, S, ScfUotheimiif S, emarginatum^ S. filiculme, S, trifolior 
tuniy and S. oblongifolium. The German species are S. emarginar 
tum, S, saxifragafolium, 8, oblongifolium, 8, an^usHfoliwm ; the 
French species are 8. emarginaium, S, BOxifra^gmMxwn, and 8, longi- 
folium; and the only species mentioned from Russia by Eichwald 
is 8. 8eklotheimii, which, howeve^ appears to be either 8. emoT" 

Slnatum or 8* saadfragafolium. Tne species of Pinnularia are be- 
e ved to be simply the roots of some of the above-mentioned plants. 
The next family we have to consider is the Lycopodiaceee. 
which constitutes one of the most prominent features of the coal 
flora, beins represented by the genera Lepidodendron, Lepido- 
pfUoios, and Gordaites; there are also other generic terms applied 
to fragments of plants of this family, whose precise affinities are 
unknown. Thus the rounded spore cases are called Sporangitei ; 
the cones which held the spore cases, Lepidostrobtu ; the leaves, 
L^idOfhyllum ; and the roots probably help to swell the muster- 
roU 01 the heterogeneous assemblage called Stigmaria, Dr. 
Dawson supports the lycopodiaceous affinities of Lepidodendron, 
and maintains that the dichotomous ramification, the spore — 
not seed — ^beuing cones, and the internal structure, forbid its 
being associated with the pine tribe. All the genera are abun- 
dant m individuals, and many coal seams are laively composed of 
their trunks, leaves or disaggregated tissues. Tne Nova Scotian 
members of this family include the following : — Lepidodendron 
eorrugatum, abundant in the coal measures of the lower carboni- 
ferous series ; L, pictoenee, L. rimotwm, L, diehotomum, L, decwr^ 
tatum, L, undtUatum, L, dUatatum^ L. binerve, L, tumidwn, L, 
gracHe, L. elegans, L. plumarium, L. eelaginaides, L, Ha/rcowrtii, 
L, aculeatwn, L, plicalwn, L, penonatum, and X. clypeoium; 
Levidastrobus varietbilvt, L, tquamoiui, L, longifolitu, and L, trigo- 
notepU ; Lcpidophyllum Uinceolatum, L, trinerve, L. majiu, and L, 
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intermedium ; Lepidophhios ctcadiantiSy L, prominuluSy L. parmiSf 

L. platystigma, and L, tetragonus ; Knorria Sellonii; Cordaites 

Imassifolia, very abundant; (7. simplex; ^f>orangites papillata. 

The Pennaylvanian species enumerated by Lesquereux are Lepi- 

dodendron actUeaiumf L, rugosumif L, crencUunif L. obovatumj L, 

modiiMwrn^ L, gigantev/m, L, veetitunfn, L. conicum, L, oculatumf 

L, distanSf L, rwMWMm, L. obtusumy L, carinatum, L, dvpeaiwniy 

L, sigillarioideay L. Mieleckii; or sixteen species in all of this 

genus, some of which are probably only synonyms founded upon 

different degrees of imperfection of preservation of the same 

species of trunk : LeptdophyUum eicuminattim, L, dbiumm, L, 

l«mee6l(Uum, L, affine, L, nastatumy L, hrevifoliumy L. plicatumy 

L, lineare ; Lepidastrihua omaiuSy L. variabilisy L, pinaster ; Cor* 

daites borassifolia. The same author also mentions a number of 

species of Cardiocarpony Rhabdocarpos, Trigonocarpony Garpoliijus 

and OyperiUSy some of which prowibly appertain to this family. 

The Oennan secies include Lepidodeniron denticulum, L. elour 

gaium, L, primoBvumy L, lepidosttichyumy L, macrophyllumy L. 

taxinvmy L, dichotomum^ L, elegans, L, rimosuviy L, a>culeatum, 

L. larioinwn, L. caudaiwm ; Lepidostrobtts varuibilis ; Lepidophylr 

lum maJMLS ; Lepidophloios lepidophyUaeeum ; Cordaites princi- 

pedis, (7. bomssifolia; and a number of species assigned to Ehah- 

docarp&Sy Cardiocarpony Trigonocarpony Ulodendrony Haloniay 

Knorrioy &c. The French species number about seven in 

Gcdnitz's 'Die Steinkohlen/ and are named Lycopodites folii- 

fbrmis; LemdophyUum laneeolatwm, L, caricinwm; L^ndodendr&n 

gracUe, L. liortereiy L, erectvmy L, laricvn'wm. The Russian spe- 

des, according to Russian pakoontologists, are twenty-four in 

number, but tne specimens found have not been well determined, 

and do not, probably, represent half this number of species. 

The ferns, or Filices, of the coal measures are still classified by 
whatever characters can be detected, which are seldom those 
Which enable the botanist to arran^ them in natural genera; 
and some of them are known not to oe applicable to the distinc- 
tion of natural groups in the living forms. One illustration of 
this occurs in the genera Cydopteris and NeurojsteriSy which T^es- 
qnerenx has shown to be based on the fronds of the same kind 
of fern in different stages of development. The cyclopteroid 
fronds represent the earli^t stage; and the neuropteroid the 
adtdt form. The great variation in the same species is thus 
poilited oat by him. "'Hie essential character," he says, "of 
this varii^le species [^ettroptem hirsutd] waa first ooserved 
by Mr.vBunbury, and mentioned in his description of the fossil 
plants > of ' Nova Scotia, viz., the short hairs scattered on the 
surface of tiie leaves. We have scarcely seen a well-preserved 
specimen on which these hairs were not observable with a lens. 
They ippear, nevertheless, to have been brittle, and easily fall- 
ing off ; for sometimes there are only a few of them left on some 
part of a leaf, and sometimes they are numerous on the whole 
surface. "Hio species is the most common of all in the coal- 
fields of Pennsylvania, from the lowest veins to the highest ; 
and we have frequently had an opportunity of studying it where 
its remains were the only ones preserved. The short petioles by 
-Which the leaflets are attached to the common rachis, have a pecu- 
liar Btmcture; Bein^ enlai^ed on tiM stem and pointed above they 
fltfoid on the raeliB, ordinarily deprived of its leaves, exactly 
l^te thoms. The point of attachment of the leaves was so 
slender and brittle tiiat we very seldom find any of the pinnules 
attached to the stem. We have seen them in this state only 
once or twice among many thousand specimens that have come 
imder examination. It is easy to follow the mutations of the 
forms of th« leaves and leaflets [in the figures given by Les- 
^neiwix]. The most remarkable of these tmnsformations occur 
m some of the upper leaflets. Near the summit of the pinnae, 
the' pinnules become simple, narrowly convolute (in which case 
thiey belong to Neuroptera cmgustifoiiay Brongt.J, and there they 
tae sometimes cut in many lobes, either to tne base or to the 
middle, preserving ordinanly a medial nerve in each division. 
The basilar leaflets, also, are sometimes diversely lobed, but 
they preserve always the flabelMform nerves divernng from the 
bAse, without any trace of a medial nerve. By following the 
series of transformations it is easy to identify the genus Neurop- 
tm$ with ' Oyelopteris" Dawson recognises 15 principal genera 
in Nova Scotia, viz., Oyclopteris^ Newropterisy OdoniopteriSy Dicty- 
opteriSy Lonchopteris, SphenaptenSy Phyllopterisy AlethoptenSy Peeop- 
teris, BdnerHay HwnenophytHtes, PalceopteriSy GatU^teris, Psat- 
miiusy and Megapnyton, Short descriptions of most of these 
hate already been nven in E.C., and of those which are un- 
desfJribed we append notices here. Diciyopteris resembles Neu- 
roplerii in the form of the pinnules, but diners in the reticulated 
arrangement of the veins. PhyllopteHe has pinnate fronds, long 



lanceolate pinnules having a well-defined midrib from which 
the nerves proceed obliquely to the margin. Alethopteris in- 
cludes some of the most common carboniferous ferns. The 
fronds are pinnate ; the pinnules often long, narrow, and more 
or less produced along the petiole, to which they adhere by their 
whole base. It closely resembles PecopteriSy but may be distin- 
guished by the confluent bases of the pinnules, and by the rectan- 
gular disposition of the nerves relatively to the miiib. From 
mis it will be seen that the Pecopteris Umckitiea figured in E. C. 
vol. ii coL 32, really belongs to tms genus. Beinertia embraces the 
Peeopteris-like species in which the nerves are flexuous, branch- 
ing, and parallel to the edge of the pinnule near their extremities. 
Hymtnophyllites includes ferns like Sphenopteris, in which the 
marginal lobes have only one nerve each. Pakeopterisy Caulop- 
teris, PsaronitiSy and MegaphyUmy are tree ferns, distinguished by 
the shape or arrangement of the leaf-scars. In Palceopteris they 
are transversely oval, in Caulopteris elongate, in Psaronius they 
are surroundea by aerial roots, and in Megaphyton they are 
arranged in two rows, one on each side of the stem. This last- 
mentioned genus is not usually placed amongst ferns, and Dr. 
Dawson gives the following reasons for assigning it this position : 
— " Their thick stems, inanced with linear scars, and having two 
rows of large depressed areoles on the sides, suggest no afiiuities 
to any known plants. They are usually ranked with Lepido- 
dendron and ulodendron' but sometitaesi and probably with 
greater reason, are regarded as allied to tree ferns. At the 
doggins a Very fine Species (Af. magjvificum) has been found ; and 
at Sydney a smaller species (AT. ^tMnt^) j bttt both are rare, and 
not well preserved. If the large scars bore cones, and the 
smaller bore leaves, then, as Brongmart remarks, the plant 
would much resemble Lepidophloios ; they are reniform or oval, 
and resemble those of tree ferns, for which reason they may be 
regarded as more probably leaf scars ; and in that ca:^ the 
smaller linear scars would indicate ramenta, or small aerial 
roots. Further, the plant described by Corda as Zippea disticha, 
is evidently a MegapkytoUy and the strticture of that i^cies is 
plainly that of a tree fern of somewhat peculiar type. On these 
grounds I incline to the opinion of Qeitiitz, that these curious trees 
were allied to ferns, and bore two rows of large fronds, the 
trunks being covered with coarse hairs or Small aerial roots. 
At one time 1 was disposed to suspect that they may have crept 
along the groimd ; but a specimen from Sydney shows the lew- 
stal£ proceeding from the stem at an angle so acute that the 
stem must, I thmk, have been erect. From the appearance of 
the scars it is probable that only a pair of fronds were borne at 
one time at tne top of the stem, and if these were broad and 
spreading, it would oe a very gracefol plant" 

In order to show that the re€(emblanc6 between the ferns of 
distant regions Is considerable, we have draVm up the subjoined 
table ; but it should be looked Upon rather as a list of different 
forms and shapes of fronds and pmnules than of species. 



Cydopteris heterophylla . 
C. acadica (lower carboniferouB) 
G. obloag^ifolia . . . 
C. obliqua ... 
C. ins^ena . ... 
C. obiata .... 
0. fimbriata . . . . 
0. hiapida . • . • 
C. anUqua (lower carboniferooi) 
C. flabellaU . . . 
C. laciniata . . . . 
C. undatis .... 
C. elegans . . . . • 
C. orbicularis 

C. German . . . . 
C. tenem .... 
C. rhomboidea . . . . 
C. nana .... 
G. alula 



Neuropteria rayinervia . . 

N. pa^legana . • . • • 

N. cordata (or hirsuta of Lesquereux) 

N. Yoltzil 

N. gigantea 

N. noxuoda 

K. heterophylla . . . » 
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Kciiropteris Losbil 

K. acutifolia . 

N. oonjugata 

N. attenuata 

K. dentata . 

K. Soretii 

N. auriculata 

N. cyclopteroidee 

K. Rogeri . 

N. Clarksoni . 

K. fissa 

N. nnilacifolia 

K. plicata . 

K. rotundifolia 

N. tenuifolia 

N. Granger! . 

N. Cistii . 

N. delicatula 

N. Villiersi 

N. gibbosa . 

K. crenukta 

N. tenuineryifl 

N. Desorii . 

N. minor 

N. Moorii . 

N. adiantites 

N. mirabilit 

N. regina 

N. denaifolia 

N. ooriacea . 

N. rubesceng 

N. bohemica . 

N. Leberti 

K. Escheri . 

N. microphjlla 

Odontoptens Schlotheimil 

0. gubcuneata 

0. squamosa . 

0. crenulata 

0. Brardii 

0. dubia . 

0. hercyniea 

0. Sohutsei 

0. obtusiioba 

0. britannica 

0. Beichiana 

0. minor . 

0. alpina 

Dictyopteris obliqua 

D. Brongniarti 

D. neuropteroidea 

Lonchopteris tenuis 

L. nigosa . 

L. Boehli 

Sphenopteris nunda 

S. hymenopbylloides 

S. latior . 

S. decipiens . 

S. gracilis . 

S. artimisiatfolia 

S. canadensis 

S. Lesquereuzii 

S. microloba 

S. obtusiloba . 

S. Darallia 

B. teiielU 

B. GraTenhorstii 

B. Dubuissonii 

S. abbreyiata 

B. intermedia 

B. flagellarit 

8. plicata 

S. latifolia . 

S. acuta 

S. glandulosa 

8. polyphylla 

B. Newberryi 

B. squamosa . 

B. cnstata . 

8. Integra 

8. irregularis 

8. Hooninghausi 

8. murioata 

8. Bcblotheimii 

8. formosa . 

3. delicatula . 

8. distans • 

8. Bronni 

8. coraUoides 
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Sphenopteris linearis 

S. clegans . 

S. meifolia . 

S. lanceolata 

S. Gutbieri . 

S. debilis . 

S. tenuifisima 

8. acutifolia 

S. tenuifolia . 

8. Virleti . 

S. acutiloba . 

8. imbricata 

8. nota . 

S. crithmifolia 

S. rutcefolia . 

Phyllopterifl (?) antiqua 

Alethopteris lonchitica 

A. heterophjlla (lower 

A. Grandini . 
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A. nervosa . 

A. muricata . 

A. pteroides 

A. Serlii 

A. grandis . . 

A. pennsylranica . 

A. aquilina 

A. urophylla . 

A> marginata 

A. distans 

A. obsoura . . 

A. serrula 

A. Levis . 

A. pseudo-Bucklandi 

A. longifolia 

A. aletnopteroides . 

Pecopteris arborescens 

P. abbreviata 

P. rig^da . 

P. unita 

P. plumosa 

P. polymorpha 

p. acuta . 

P. longifolia . 

P. taenic^teroides 

P. oyatbea . 

P. flMualis . 

P. Billimani . 

P. rillosa . 

P. Bucklandi 

P. oreopteroides 

P. decurrens . 

P. Pluckenetii . 

P. Cistu 

P. relutina 

P. ovata 

P. notata . 

P. pusilla . 

P. arguta . 

P. concinna . • 

P. pennseformis . 

P. Loshii 

P. incompleta . 

P. Miltoni . 

P. Candolleanus 

P. deutatus . 

P. subnervosa • 

P. setosa 

P. mucronata . 

P. hemiteloidea 

P. asper . 

P. Bioti 

P. punctulatus . 

P. marginata. • 

P. Lemuriana . 

P. Mantelli . 

Beinertia Gtoepperti 

Hymenophyllites pentadactylus 

H. HUdreti 

H. capillaris • 

H. furcatus 

H. alatus 

H. stipulatuf 

H. dissectus . 

PalaK)pteris Harttii 

P. acadica 

Caulopteris sp. . 

C. punctata . . 

C. gigantea 

C. Cistu 
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Caulopteri) peltigera ■ 
FaiiKiDiu* (imdet. apMricB] 
P. uieulatiu 
P. (fire IT) . . ■ 
Useapb^toD uugmAoum . 



In addition to these there are a number of species belonging 
to geneia whoH aflinitj ie vei? doubtful, Euch as Cremalopttrit, 
ScStopettdriUi, Schiioplerit, Caunapkyllitei, Zivpta, Tempakya, 
StUnopterit, Gyropteru, Arutdwropterii, Diplophacelui, Chorvm- 

The ISartiUaeea, oi peppei-worts, which, at the present day, 
chiefljr fKquent moiat aitdieB and innndated localities ore not ra- 
preaenled Ity any known species in the coal flora. Ludwig 
records Piltuaria principalU tcom RiusIa; but the correct deter- 
mination of this species seems doubtful. 

In the above aummary it will be seen tliat great gaps occur in 
the cryptogams of this period, which were chiefly represented by 
one or two groups. These gaps are due either to the imperfect 
atate of our knowledge or to the circumstance that the missing 
groups were not developed at this period. When, however, we 
examine what is known of the Phanerogams, or flowering plants, 
the misaing ^ups are fonnd to be far more numerous actually 
and proportionally; for of about siity oidere not more than 
three are known to have been then in existence. There would 
appear to have been no grasses, sedges, or rushes, althoneh the 
latter two prevail now in marshes and Hwamps [ indeed very 
few monocotyledonous species have been discovered, wliile of 
the dicotyledons the gyranosperms only have yielded remains. 
This statement must be accepted with some reserve, for Qeinitz 
mentions GraminiUM FeittmattUlij which he stated, in 186&, was 
the first species of graas found in the coal formation : it was 
obtained from the Badniti coal-field. The few monocotyledons 
are mostly referred to the Palm tribe, and consist of PalmaciUe 
croMtinenmu, Galidmila dypeiformis, Q. umbonata, FlabeUaria 
Sternberm, FateUitlitet carboatgeittu, F. UptoxyUm. 

The following list will indicate the degree of resemhlanoe 
between the phanerogamous floras of America and Europe : — 



DifPinitMjdeiuiroUiu' . 
P-< .. SMerckltoEi 
AraucantM nwolu 

tas.,.**™. ■ . ■ . 
iiffiuS"- •.•.■. 

S, Kutellata .... 

S. ScWotheiniia™ . . . 
8. Saullii .... 


)' 


S-renifomi. 
S. IsTinU 
8. pUdiwU . 

S.rtriala 
S. Heaaidi 
S. .rdneiuia . 
B.otgana . 










8. Mcbydeima 







el 

II 



■culpta 



■tellaU . 









Utwhaeideri 

■abiotunda 



intcnnedia 
CoHei . 

PoUeriana 
cycIiwtigTna 
tnuiiTeraalii 

pulehella 

icbthyolepia 
chjtiaolepia^ 



bippocrepis 
inl«rrupt> 

...nodulou . 

BvrinEDdendroD, 

9. pacbydems 
8. cjcloitagia 



Calunodendnm ■ 



Numerous bagmenta have been dignified with generic names, 
such as TrigonocarpOTt, Bliabdoearpe*. SUrnbwpia, Ogperita, 
JK., &C. The most important of all these trees m the produc- 
tion of coal were the species of Sig^aria, of a common form 
of which, S. BrowrUi, we append e sketch as given by Dr. 
Dawson m his work on the geology of Nova Scotia. " Ima- 
gine," be says, " a tall i^lindncal trunk, spreading at the base, 
and marked by perpendicular ronnded ribs, giving it the appear- 
ance of a clustered or fluted column. These riba are marked by 
rows of spots or pits left by fallen leavf^ ai|d toiwards the base 
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they disappear, and the bark becomes rough and uneven, but 
still retains obscure indications of the leaf-scars, widened trans- 
versely by the expansion of the stem. At the base the trunk 
spreads into roots, but with a regular bifurcation quite un- 
exampled in modem trees, and the thick cylindrical roots are 
marked with roimd sunken pits or areoles, from which spread 
long cylindrical rootlets. These roots are the so-called Stig- 
marugf at one time regarded as independent plants ; and, as the 
reader may have already observed, remarkable for their con- 
stant presence in the underclays of the coal-beds. Casting our 
eyes upward, we find the pillar-like trunk either quite simple 
or spreading, by regular bifurcation, into a few thick branches, 
covered with long narrow leaves looking like ^rass, or, more 
exactly, like pine-leaves greatly increased in size ; or, more 
exactly still, like single leaflets of the leaves of Cycads. Near the 
top, ii the plant were in fruit, we might observe long catkins of 
obMSure flowers, or strings of large nut-like seeds borne in rings 
or whorls encircling the stem. If we could apply a wood- 
man's axe to a SigtUaria we should find it very different in 
structure from that of our ordinary trees, but not unlike that 
of the Cycads or false sago-plants of the tropics. A lumber- 
man would probably regard it as a tree nearly all bark, with 
only a slender core of wood in the middle ; and, botanically, he 
would be very near the truth. The outer rind or bark of the 
tree was very hard. Within this was a very thick inner bark, 
partly composed of a soft corky cellular tissue, and partly of 
long tough fibrous cells, like those of the bark of the c^ar. 
This occupied the greater part of the stem even in old trees four 
or five feet in diameter. Within this we would find a com- 
paratively small cylinder, not unlike pine in its appearance, and 
even in its microscopic structure ; and in the centre a large pith, 
often divided, by the tension caused in the growth of the stem, 
into a series of horizontal tables or partitions. Such a stem 
would have been of little use for timber, and of comparatively 
small strength. Still the central axis of wood gave it rigidity, 
the surrounding fibres, like cordage, gave the axis support, and 
the outer shell or hard bark must have materially contiibuted to 
the strength of the whole. Growing as those plants did in swampy 
fli^ close together, and the bark of which they were chiefly 
composed being less susceptible of rapid decay than most kinds 
of wood, and too impervious to fluids to be readily penetrated by 
mineral matter, they were admirably fitted for the production of 
the raw material of coaL" 

We have followed Dr. Daweon in regarding Sigillaria as 
gymnospermous ; but there are several eminent investigators 
01 coal-plants, such as Professor Morris and Mr. Carruthers, who 
maintain it to be cryptc^amous. 

Our knowledge of the invertebrate fauna of the period is 
very scanty, still remains have been found which indicate the 
existence^ of spiders, insects, and pulmonate gasteropods. No 
relics have been discovered either of the Hemiptera or Homch 
ptera, and a few only of Orthopter(i, One consists of a frag- 
ment of a wing from the coal measures of Pictou, which has a 
very peculiar nervation, and which has been described as 
Archimulacria acadicw. A wing very similar to this in general 
appearance, and named Blattina venuitd, has been found in the 
coal measures of Arlmnafta in a shale which immediately under- 
lies what is called millstone grit, and is about 16 feet above the 
highest portion of the carbomferous limestone. A wing, which 
has never been described, turned up many years ago in the 
JomnB coal measures. Professor Marsh saw it, and states that, 
BO lar as his recollection serves him, it was very similar to 
BUUtina venu»ta. Another species of this genus, or B, prinueva, 
has been described from the Saarbriick coal-field. Several 
specimens of the Blatta family, and the wing of a cricket, have 
been described by Oermar from the coal-fields of Westphalia. 
Qrasshoppers are represented by the QryUacris lithranthraca 
from Saarbriick. Tne next group of insects belong to the 
pseudo-neuropterous division of the Orthoptera, although they 
are frequently described as true Neuroptera, One of the finest 
ipecimenB of this kind is the beautiful wing figured in Dawson's 
' Acadian Qeology/ p. 387. It was found m a bed of shale at 
Little Qlace Bay, Cape Breton. It indicates an insect somewhat 
similar to the Ephemerids, whose expanse of wing was seven 
inches, a size surpassing that of any of the living species. It 
possesses characters which prevent its being placed m any recent 
uunily, and which reauire the establishment of a new family which 
combmes a portion ot the characteristics of the EvhemeridcB or day- 
flies, and LtbelluUdaSj or dragon-flies. Mr. Scudder has named it 
HajflophUbium Bamesii, Tne comprehensive nature of the car- 
boniferous insects is also exemplified in some specimens foom 



shales a few feet above the millstone grit of Illinois. They 
occurred in ironstone nodules, associated with many other terres- 
trial organisms. Two of these have been described by Professor 
Dana as Miamia Bronsoni and Hemeriitia occidentalis. These 
form the types of distinct families which connect the Neuroptera 
proper with the Pseudoneuroptera, The coal measures of the 
Joggins have afforded a number of crushed fragments which may 
belong to this order ; thus there are some eyes which remind one 
of those possessed by the Ptrlida. The PhasmidtB are represented 
by some speciir\en8 from Coalbrook Dale. The Termitida are 
represented by four species from the Saarbriick coal-field, named 
Termes Heertj T. formosus, T, Decheni, and T, aifinis. 

The Neuroptera comprise the Corydalisy afready mentioned 
under Insecta, E. C. vol. iii. coL 265, Dictyoruurd libelluloides, 
Z>. anthracophila, and D. Humholdiiana from the Saarbriick 
basin ; and the Key. P. B. Brodie states tliat he has a laige 
Neuropterous wing in his possession from one of the ironstone 
bands of the Derbyshire coal measures. No representatives of 
the Dipterciy Hymenoptera^ and Lepidoptera have yet been brought 
to light, for it is not certain that the Pakeocampa anthrax described 
by Messrs. Meek and Worthen from the coal measures of Illinois 
is really a hairy caterpillar. The known Coleopterous fauna of 
this period consists of two beetles of the family Curculionidm 
from Coalbrook Dale ; a doubtful species from the coal measures 
near Huddersfield ; of Troxites Germari from Sulzbach ; and pos- 
sibly some of the specimens which are mentioned as belonging 
to the next group. 

The Mf/napoaa are divisible into the two orders Chilopoda 
and Ghilognatha. To the latter belong the Xylohiiu sigiltarice 
found in the inside of a decayed stump in the coal measures at 
Joggins associated with a reptile and a small land shell; and 
the Xyldbiut found in the upper coal measures at Kilmaurs, near 
Glasgow, which is allied to, if not identical with, the Nova 
Scotian species ; and a third specimen found in the Manchester 
coal-field by Mr. Binney. A specimen named Anthracerpes 
typtis found in Illinois is referred to this group, but its myria- 
podous affinities are very doubtful. A few other species have 
Deen obtained from Joggins; some have been assigned to 
XylobiuSy and one forms the type of a new genus, Archiulus, 
Nothing is known of the Chilopoda. The known Arachnida are 
only four in number, viz., two scorpions from Bohemia, which 
were described many years ago as MicrolabU Sternhergi^ and 
Gyclophthalmus senior; a spider from Bohemia, Palaranea borasH- 
folia, and a second species from Upper Silesia, which so closely 
resembles the recent genus, Lycosa, as to induce Professor Romer 
to name it Protolycosa anthracophila. The last-mentioned species 
is the oldest spider Imown, and the details of its external structure 
have been beautifully preserved. 

The oldest known land shells, two in number, belong to this 
period. One of them is Pupa vetusta, of which numerous speci- 
mens have been collected in the Joggins coal measures ; ana the 
other is Conulus priscus, which belongs to the extensive family 
Helicidctf and was also found in these coal measurea 

We have indicated the existence of wide marshy tracts clothed 
with trees and dense imdei^growth, which afforded shade and 
protection to cockroaches, crickets, may-flies, dragon-flies, white 
ants, beetles, wood-eating myriapods, scorpions, and spiders. In 
association with these there have been found the remains of 
reptiles which are so divergent in their characters as to lead one 
to conjecture that each known species represents many other 
contemporary forms which have yet to be discovered. Prior to 
1841 nothing was known of carboniferous reptiles ; a few bones 
and teeth were considered to be reptilian, but were subsequently 
ascertained to belong to fishes. Thirty years ago, then, our 
knowledge respecting the existence of uiis class at this period 
was an entire blank ; now we are cognisant of numerous genera 
and species, and the stimulus which has thus been given to this 
line of research will probably result in numerous additional 
discoveries being made in the next thirty years. In 184 1 Sir W. 
E. Logan inaugurated the series of dftcoveries which we are 
about to notice by detecting some small well-defined reptilian 
foot-prints in the lower coal measures of Horton Bluff in Nova 
Scotia. This is the first fact on record on this subject, and the 
foot-prints are the oldest traces known of reptilian life. It has 
been overlooked by most authorities on the subject, owing no 
doubt to the uncertainty which must attach to the correct inters 
pretation of the affinities of a creature from its foot-marks only. 
In 1844 Dr. King discovered other reptilian foot-prints in a sand- 
stone at Greensburg, Pennsylvania, situated 100 feet below the 
well-known Pittsburg seam of coal, figures of which are given in 
Lyell's * Elements of Geology.' The tracks are in double rows, 



235 



CARBONIFEROUS SYSTEM. 



CARBONIFEROUS SYSTEM. 



23G 



and have a broad resemblance to those made by the Cfmroiherium 
of the tiias^ . They indicate, a quadrupedal animal in which the 
five- toed hind feet were nearly twice as large as the four-toed 
fore feet. The external digit on each limb stands out like a 
thumb. The surface upon which the impressions wece made 
contain the casts of cracks, which indicate its sub-aerial con- 
dition, and this circumstance, in conjunction with the deci* 
sive character of the ichnolites^ permit the assumption that 
the creature. was an air-breather. In the foot-prints discovered 
by Logan there are to be seen the projecting outer toe, but the im- 
pressions are much less distinct than in those found by Dr. King, 
in consequence, it is imagined, either of the surface having been 
$rm^, or of the animal having been partially buoyed up by 
water. The fore feet appear to have nad four toes, ana the 
hinder three or four. The stride of tjie Nova Scotian species 
was about four inches, and that of th,€| Pennsylvanian about ten 
inches. In the same year Dr. Dawson foiu^id some tracks in the 
upper coal measures , near Tatamagouche in Nova Scotia, which 
are probably reptilian. The year 1844 is, howey^, especially 
reiparkable as Being that in which the first reptilian bones of 
carbqniferous age were. discovered. They were exhimied from 
the coal of Miinsterappel in Bavaria, and described as A'paUon 
j^edestrU. In 1847 V on Dechen found in the coal measures of 
the Saarbrilck basin, near Lebach, the skeletons of three species, 
all of which were assigned to the cenus Arch^osaurus, a type 
of reptile characteristic of this period. Professor Owen places it 
in his order Ganocephala. In 1849 the red shales near the base 
of the Pennsylvanian coal formation afforded a series of right and 
left footed reptilian tracks, which Mr* Lee described as Sauropw. 
These ^hales are 1700 feet lower than the Greensburg foot-prmts. 
At a level 1500 feet lower still, similar but smaller impressions 
have been discovered, belonging, as is supposed, to three species. 
The largest of these made footrprints two inches in diameter; 
the feet were four in ;aumber, and nearly egual. The stride was 
about nine inches in extent, and the straddle about fpur inches. 
These, and indeed almost all the reptilian ichnolites yet dis- 
covered, occur on the suiiaces of qandstone beds which are 
covered with a thin coating of fine clay, on which are preserved 
the indications of an air-exposed or air-dried shore, such as 
rain-drop impressions, ripple marks, sun cracks, &c. In 1851 
Dr. Dawson whiled away a summer aftQiTioon by turning over a 
rubbish heap, from thjS fra^gmentscomppsing which he optained 
some cranial, bones, which were the first reptilian osseous remains 
discovered in the Ajnerican coal measures. In the following year 
some additional fragments belonging to the same species, BapnMes, 
flanicep$, were detected by Dr. Dawson and Sir C. LyeU m the 
interior of an erect Sigillarian trunk. It, was from one of these 
tnmks, and in the same year, that were obtained the bones of 
Dendrerwton acadiarmm, , an anixoal about two feet in length, 
with a Droad flat head somewhat similar to that of BapheteSf 
short, stout limbs, £^nd an elongated or lacertian form, of body. 
Its teeth were powerful and numj&rpus, and probably adapted for a 
carnivorous diet. . In these trees reipains of ^ second and smaller 
species, I), Oiveni, presented themselves, in which the teeth were 
longer, more arcuate, more plicated, and better fitted for devour- 
ing worms, larvsB, and soft-skiimed fishes. The same, tree whicl^ 
contained the bones of Dendrerjteton acadiafwm also yield^ 
some fragments of a distinct generic type, HylonoTMU WyvMnnni, 
This species, is one o{ the smallest of the carboniferous reptile^ 
and frequently fell a prey to its larger relatives, as is indicated 
by the frequent occurrence of ita bones in reptilian coproUtes. 
Its length was abput fiye inches. In 1853 Professor Owen 
described the first British reptile of thia period under the name 
of Pardbatrachus Goteif a species nearly allied to Ardugosaurm, 
In 1857 Wyman established the genus JtawiceM for a species 
(JR. LyeUi), from the cannel coal at Yellow Creek, Ohio, United 
States. In 1859 Dr, Dawson disentombed from the prolific tree 
stumps at the JoggiijiB two new species of HyUmonvuelaigiex than 
the one already mentioned. One is H, Lydli, a tailed reptile 
about nine inches long, covered with an armour of scales and 
spines, and having short, stout limbs fully capable of supporting 
it§.tx?iBk on dry land. The second is ±r. adedenUUtu, a much 
larger apeoiea.tho^ thc^l^eceding, and provided with a set of 
teeth of far greater penetrating and crusniog powers. In 1862 
Professor Owen instituted the genus HyUrpeton for some frag- 
ments from the Joggins' tree stumps, which he named H, Da/uh 
toni. In this year also some remains discovered at the Joggjins 
in 1855 were made the foundation for a new genus and species, 
Eosaurus acadiarvus, by Mr. Marsh, who conceiyed it to be a large 
air-breathing, cold-blooded, carnivorous creature, foreshadowing 
the Ichthyosaurians of the Has ; but this conclusion is not de- 



cisively established. Whatever its true affinities may be, it was 
certainly the largest of known carboniferous reptiles. Further, 
the genera Loscomma and PhoUdogaater were established by 
Professor Huxley on some bones obtained from the Edin- 
burgh coal-field. In the same year also some fragments 
were brought to light from Mushet's black band ironstone, 
which is about 666 feet . above the Moorstone lock of 
Lanarkshire, upon which Professor Huxley founded the new 
genus and species Anthracosaurus BiuseUL This genus has 
vertebrse very similar to that of Eosaurus, and is notice- 
able as being the earliest representative of a group of 
reptiles which flourished in the triassic period. In 1863 Dr. 
Dawson described a new species of Dendrerpeton, or D. Oweni, 
which has been already mentioned. In 1865 the first species 
from the Welsh coal fields was described by Professor Owen. 
The specimens came from some beds in the lower half of the 
coal measures at Llantrissent, Glamorganshire, and are named 
Anthrakerpeton cratsosUwm, This species was intermediate in 
size between Bapketes planiceps and Dendrerpeton aeadicmum. 
During the years 1864 and 1865, Mr.Brownrigg accumulated a 
lar^ suite of specimens from the Jarrow collieries at Kilkenny, 
which enabled Professor Huxley to establish five new genera. 
Urocordylus has a remarkably long and strong tail, an elongate 
form of body, a broad short head, and small but well-developed 
limbs. One species, U. Wandesfordii, is described. Ophiderpe^ 
ton is still more lengthy, and almost snakelike in shape. In 
two specimens no traces of anterior limbs could be detected ; 
but a third, believed to belong to this genus, had minute an- 
terior extremities. One species, 0, Brovmriggiij is described. 
Ichihyerpeton BradUyce. is the name for a short-tailed, homy- 
scaled individual, whicn had biconcave vertebroe. It was pro- 
bably about fourteen inches long. Keraterpeton is the name 
proposed for a salamander-like genus, of which the only known 
species is K. Galvani, It was nearly nine inches long, had a 
well-developed tail, a short broad head, large and forwardly- 
directed orbits, and a plated dermal armour. The fore limbs 
were five-toed and somewhat larger than the hind ones, which 
were four or. five-toed. Lepterpeton also comprises but one 
species, L, Dolibm, It has a slender body, an ^ongated head, 
and a prolonged snout. Its length was about six inches. Spe- 
cimens of a species of ArUhracosaurus were also found. Tnia 
remarkable find is shortly noticed in the ' Geological Magazine,' 
vol. iv. p. 170, by Professors Wright and Huxley, ana more 
fully in the * Transactions of the Koyal Irish Academy,' voL 
xxiv. In the former work the following remarks are made 
respecting it. '* The importance of the discoveries which have 
been made in the Kilkenny coal ^eld may be estimated by call- 
ing to mind the fact that two months ago the total number of 
genera of vertebrate animals of higher oiganisation than fisheSi 
known to exist in the carboniferous rocks of Europe, amountea 
only to eight, viz., ArchegoscMirus, ScUrocephaluty and ApcUeon, 
in Germany; ParahcUrcuJius, Andiracosaurus, Loxomma, Pliolir 
dogaster and Anthrakerpeton in Great Britain. In addition to 
these, America had yielded the five genera, Baphetes, Banieepsi 
Dendrerpeton, HyUrpeton, and Hylonomua, making a total oi 
thirteen genera for tne carboniferous formation in gen»«L One 
Irish pit has thus yielded, in the course of a few months, more 
genera than are known from all the American coal fields, and 
nearly as many as have been obtained from Europe generally. 
Five-iand-twenty years ago only one genus of Vertebrata lugher 
than fishes {Arch^gosaunu) was known to occur in the coal ; and, 
curiously enough, this fi^enus, by the imperfect ossification of ita 
vertebral column, and the persistence of its branchisB, lent strong 
support to the opinions of those who believed that Palaeozoic 
vertebrates must necessarily be of low oisanisation. Dr. Daw- 
son's discoveries in the Nova Scotian cosl-fields first shook this 
view, which finally ceased to be tenable when the great Anihra- 
eoiaunu of the Scotch coal-field was found to have well-ossified 
biconcave vertebrss. The Jarrow discoveries afford a most im- 
portant aid in the same direction, showing as they do that the 
Labyrinthodont type was abundantly represented in the carbon- 
iferous epoch by animals with well-ossified vertebrse ; with no 
trace of persistent branchisa ; and, to all appearance, just as 
hi^y organised as their congeners in the tnas. Furthermore, 
these discoveries have a value of their own in the circumstance 
that they make us acquainted with forms of Labyrinthodonts of 
a new cnaracter. All previously known Labyrinthodonts have 
the form of salamanders ^the current restorations of the genua 
LahyrinfkodAmf under the torm of a great toad, have no justifica- 
tion, but are contradicted by well-£iown facts), with long tails 
and moderate limbs. But Qj^iderpeion, with its snakelike body, 



''W^' 



257 



CARBONIFEROUS SYSTEM. 



CAVES. 



23S 



seems to represent, among the LabyrinthodonU, the type of 
Amphiumay or perhaps of Cfrcilut, among existing BatracJim, 
Should further investigations bear out this view, three groups 
will be leco^isable among the Labyrinthodonts : a perenni- 
branchiate division, represented by Archegosaurue ; a salaman- 
droid group, comprising most of the Labyrinthodonts at present 
known ; and an ophiomorphous division, typified by Ophtderpe- 
ten. The anurous frog-like form will be alone wanting to com- 
plete the representation of the existing Amphibia in ancient 
times." In 1866 a reptilian skull was found in the upper part 
of the carboniferous series near Autun. Some of the strata on 
ihe same horizon bore impressions of feet which are conjectured 
to belong to the same species. The reptile is neariy allied to 
Airchegosawrus, and is the type of a new genus, Actinadon, In 
1867, Professor Owen gave the name of Oastrodus prceposittiSy to 
what he considers was an air-breathing Batrachian from the 
lower coal measures of Northumberland. In 1868 Professor 
Newberry noticed some reptilian remains from a stratum a few 
feet beneath the principal coal-bed at Linton, Ohio, which are 
partly related to tne genera Ophiderpeton and Urocardylus, 

Such are the principal items in the chronology of reptilian 
discoveries in the carboniferous formation ; but before we bring 
this article to a close we would quote Professor Huxley's 
remarks (Quarterly Journal GeoL Soc., xix. p. 67), bearing upon 
the general affinities of the carboniferous reptiles. " At present 
we are ac<^uainted with two apparently very distinct types among 
the Labyrinthodonts — that of the Archegosauria (Archegosaurus), 
at present known to occur only in the carboniferous rocks, and 
that of the Mastodonsauria (Ma8tod<m8aurus, Labyrinthodon, 
Capitomurus, Trematosaurus), wliich seem to have flourished in 
remarkable abundance during the triassic epoch. Both groups 
exhibit the sculptured and polished Surface bf the crama, tne 
vomerine and palatine teeth, the forwardly situated posterior 
nares, the permanently distinct epiotic bones, the divided supra- 
occipital, the three sculptured pectoral plates, the elongated 
caudate, salamandroid body, and the comparatively short mnbs 
and weak feet, which are mstinctive features of the Labyrintho- 
dont Amphibiay as well as the more or less complex ramifications 
of the pulp cavities of the teeth, which they share with fishes and 
IchihvosauricL, But the Archegosauria have imperfectly ossified 
verteoral bodies, while the Mastodonsauria have them thoroughly 
well ossified, though still biconcave ; and the Mcatodonsauria 
have double ossifiied occipital condyles, which have not been 
found in Archegosauria. Of the other distinctions, if such there 
were, of the two groups we know very little; It is true that the 
Archegosauria had, as Yon Meyer has proved, in his splendid 
monograph, ' Die Reptilien des Steinkohls,' a persistent branchial 
apparatus, and a very remarkable scaly ventral armature. But 
what do we know with certainty about the presence or absence 
of corresponding structures in the triassic MaHodonmuria ? 
Whatever may be the nature of the doubtful Anisopus or Rhomr 
pholis, it is certain that the African, probably triassic, Micropholis 
was protected by ventral scutes ; and imtil Mastodonsaurian 
liabvrinthodonts are found preserved as favourably as the 
Armegosauria have been, I thiiik it will be hazardous to take it 
for granted that they had neither ventral scutes nor even 
persistent branchial arches. 

'^ If we adopt these two divisions, and endeavour to range the 
known carboniferous Labyrinthodonts under one or the other, 
AfchegosauTuSj of course, takes its place among the Archegosauria, 
and Fholidogaster, I suspect, must go along with it, though the 
▼ertebras are far better ossified, and the condition of the cranial 
condyles is not known. Baphetes and Parahdtrachui are too 
little known to justify us in arriving at any condiision respecting 
them ; and the like is true of Loasonvma* As regards the 
Eanicsps of Wyman ('American Journal of Science and Arts,' 
1868), the VemrerpeUm and HyUmomits recently discovered by 
Dr. Dawson in the Nova Scotian coal-field, and the tttit genus 
instituted by Professor Owen, from the same locality^, I <£) not 
think we are in a position to seiy that thej a^ Labyrinthodonts 
much less whether they have Archegosaunanor Mastodonsaurian 
aflinities. Among the Inany remains disooveted by the zeal6Q8 
researches ol Dr. Dawson, I do not know that a sin^e specimen 
of one of the pectoral plates, 86 characteristic of all Labjrrintho^ 
donts, has made its appearance. They ma^ possibly have beeii 
Amphibia; but their skulls, their cycloid scales^ and thei^ 
deeply biconcave, fish-like, vertebral centra, appear to me to 
indicate -a closer affinity with the Ophwmorpha (GtBeiliaii, 
Ichthyophis, &c), than with the Lahyrinthodontia, Of the 
unquestionable Lab3ninthodont8 which occur in the carboni- 
ferous rocks, then, Anthrcicosawnu is the only genus regarding 



the vertebral column and ribs of which there is any information ; 
and the descriptions and comparisons which I have given seem 
to me to necessitate the conclusion that, side by side with the 
Archegosaurian type, the Mastodonsaurian type of vertebrate 
organisation, hitherto known to occur only in the trias, was well 
developed in the Anthracosaurus of the Scotch coal-field. At the 
same time, the anchylosed condition of the neural arches, the 
supra-temporal foramina (which may, however, be parts of the 
* mucous grooves ' common upon Labyrinthodont skiuls, the floor 
of which was very thin, or merely membranous in the temporal 
region of Anthnu^osaunts), and the strong median convexity of 
the snout, separate Anthracosavnu from any known triassic 
liabyrinthodont. And though, in the general form of the 
cranium, and in some other respects^ Anthracosaurus has a certain 
resemblance to the Permian DasycepSf it differa as widely as 
possible from it in its dentition." 

CASSITERITE [Gold, E. C. S.1 

CAUDISONA [ViPBRiD^, E. C. S.] 

CAVES. A cave, or cavern, is a lai^e hollow in the ground 
formed artificiallv, as by man, or by natural agents, such as run- 
ning water. Old English writers usually applied the t^rm to 
those hollows which were inhabited eitner W man or beast. 
Some of these caverns are now the receptacles for the waifs and 
strays of beings which have ceased to exist, and it is the main pur- 
pose of this article to offer some remiEirks upon such of them as 
are more especially interesting in connection with the period of 
intense cold during the post pliocene epoch, and the past history 
of man's association with lai^e extinct mamnmlia. These hollows 
have doubtless been in process of formation from the earliest to 
the latest geological times, but those which we ore about to 
mention have been filled and perhaps formed during a short 
period in geological history ; and it must not be inferred that 
oecause we dwell upon these that cilveins have not been equally 
plentiful in older epochs. It is true caverns of earlier date than 
the late tertiary and post-pliocene periods are exce^lingly rare, 
but tiiis seems due partly to their having been filled up and 
covered, and partly to the rock masses in which they were, 
having been denuded away. The natural caverns may be con- 
veniently distingmshed as belonging to two great groups, the 
one including such as have horizontal entrances omy, and the 
other those which, communicate, or have formeriy communi- 
cated, with the surface bv more or less vertical fissures. The 
breccia-filled fissures will be described along with the latter, 
although there may be no indications that they lead into 
caverns. Fissures are produced in various ways ; thus many- 
have been known to open during earthquakes, swaQow up 
human beings, animals, and even towns, and again to close ; 
others appear to arise from the imeqnal upheavid and de- 
preteion oi limited areas, and to serve as traps for unwary 
animals; and others are clearly the channels for subterranean 
springs and rivulets. Fissures are comparatively numeroud in 
rocks of all ages and of all compositions ; appearing nOfW as 
veins or as ossuerous brecda, such as the fissures in tne carbo- 
niferous limestone of HolweU, in which have been found the 
riemains of BhsQtic mammals. Folly acbnitting the multitude of 
ways in which these hollows in the ground have been formed; 
We have now to consider a special class of caverns and fissures. 

These caverns are for the most part the result of imdeigTotmd 
denudation land are especiallv abundant in those rocks vt^hich 
are most soluble in water, such as limestone. From th6 nattii^ 
of their contents it would seem that they were produced fai un- 
usual abundance during certain parts of the post^pliocene period. 
Why the solvent and hollowing out powers of the Waters should 
have been exceptionally active at these periods it is difficult to 
say ; and it is equally difficult to pronounce why eo many of the 
organic remains found in these caves ^ould belong to one geolo- 
gical epoch. 

In order to illustrate ike padt b^ what is goinff on at the pre- 
sent time; a reference to some recent caverns is required. In 
many limestone districts, as in the Derbyshire hills and thd 
chalk near London, the surface of the ground is liddled with 
funnel-mouthed chimney-like passages, which are known in 
many cases to be the channels down which the rain floods pour, 
and hence they are termed swalkrw holes. The SUnrian ume- 
stones of Pennsylvania are ' aim riddled with sindliEQr iioles, 
through which rivers are dischaiged into underground caverns, 
which underlie the snrfaee along a line many miles' in extent ; 
but perhaps there is scarcely any country in' whidi the lime- 
stone is more riddled with swallow hol^ or Katavothra, en- 
gulfed rivera so abundant, and underground caverns so extensive, 
as in the Morea. Thtee were fully described upwards' Of thirty 
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years ago by M. Boblaye and other members of a French expedi- 
tion to Greece. The caverns of Morea are in a hard limestone 
of the age of the chalk of England, which is underlain by arena- 
ceous strata equivalent to the upper greensand of England. The 
year is divided into a dry season of about eight months* duration, 
and a wet period of about four months. During the continuance 
of rain the waters pour into deep hollows in the highlands, some 
of which are miles in diameter. The torrents are charged with 
pebbles and a red ochreous earth, such as abounds everywhere 
on the suifiace of the decomposing limestone of the surrounding 
country, and in many cases disappear through the fissured ana 
cavernous limestone which bounds the hollow. Sometimes the 
swallow holes are partially or wholly blocked up with debris, 
and then a temporary lake arises which pours its sur^us waters 
through other openings situated at higher levels. The waters 
are turbid on entering, but on reappearing again in springs 
miles away they are clear and limpid. The springs are sur- 
prisingly uniform in their yield, a circumstance whicli indicates 
that tne caverns are sufhciently large to serve as reservoirs. 
The principal swallow hole, or Katavothron, is frequently at the 
foot of the surrounding limestone escarpment, ana large enough 
for persons to enter during the dry season. The bottom of the 
lake then appears as a level plain formed of a red mud, crackeS. 
in all directions. On entering the swallow hole we pass into a 
series of loftjr arched chambers connected by narrow passages ; 
the floor is frequently covered with the same red earth as forms 
the outside plain, and it has been found to contain the remains 
of plants ana animals now living in the Morea, and occasionally 
human bones. It is not uncommon for the outer mouth to be 
half closed with red mud and hidden by luxuriant vegetation. 
Under such circumstances the caverns are the favourite haunts 
of jackals and foxes, who drag their prey into them in order to 
devour it at their leisure. The Morea is not, however, by any 
means singular in possessing these phenomena, for they are to 
be seen in Italy, Spain, Asia Minor, Syria, and elsewhere. They 
are also very aounaant in many limestones which are covered at 
times with snow and ice, as on the elevated plains of the Teuto- 
burger Wald, on the Gemmi in Switzerland, and on the northern 
part of the chalk in Denmark. The springs of these districts 
and the frequent caving in of the ground testify to the magni- 
tude of the scale upon which these operations are silently being 
effected. In many cases the caves are filled temporarily or per- 
manently with water; thus the groimd forming tne Teutoburger 
Wald is estimated by Bischof to have as much water hidden 
within its recesses as would form a large lake 120 feet in 
depth. 

Let us, then, compare this with some of the old caves, of 
which that of Wookey Hole, described by Dawkins, will be a 
good illustration. Wookey Hole is a small village at the base 
of the sloping flanks of the Mendips, which at this part face the 
south-west The lower part of this slope is a dolomitic conglo- 
merate, which lies underneath what was formerly a cliff of car- 
boniferous limestone. A ravine cuts through the slope, and at 
its upper end terminates against the limestone cliff, at the base 
of wnich is a cave from which the river Axe makes its exit 
continuing its course down the ravine. This cave is the one 
which Dr. Buckland explored many years ago. That which is 
now under notice was discovered in cutting a passage or canal 
for the more convenient conveyance of the water of the Axe to 
the village of Wookey Hole, and is designated as the hysena 
den of that locality. The den is a sinuous cavity about 70 feet 
in depth, and filled to the roof in most places with transported 
materials. It consists of a large entrance hall, or antrum, 
which narrows from an aperture forty feet wide and nine feet 
high, to six feet by four feet ; this leads into a long passage 
which almost disappears in a forward direction, but gives off on 
its right hand side a branch as large as itself, which terminates 
in an upward tending passage. In the antrum there is also a 
lateral passage to the left. A section in the antrum showed 
that its materials were arranged as below : — 
a. Roof. 

6. Red earth, containing a large quantity of stones and but 
few oiganic remains, two feet in thickness, and reach- 
ing to within one or two inches of the roof. 
e. Red earth with irregular layers of album greecum and 
peroxide of manganese, and containing an elephant's 
tusk, together with teeth, and numerous splinters of 
bone ; seven to eight inches. 

d. Red earth containing stones and a few organic remains ; 

four feet. 

e. Moor, worn by water, and corroded by carbonic acid. 



In the main passage and the branch diverging from it, the 
arrangement is almost identical with that in the antrum, the 
chief difference being that the upper surface of the red sand is 
about five inches from the roof, and is covered by a thin layer 
of stalagmite; that a mass of conglomerate which had fallen 
from the roof is imbedded nearly two feet in the clay just above 
where the layers of album graecum occur ; and that in one or two 
places a bone bed and an overlying layer of red earth occur 
above the red earth, indicated by o in the preceding section. 
The bone bed and red clay abut against a layer of sand and a 
mass of grey clay which occupies each of the ascending terminal 
portions of the cave. The layers of peroxide of manganese did 
not continue into the passages. 

The organic remains were generally distributed through the 
red earth, but were most concentrated in the bone bed, and were 
more numerous in the antrum than anywhere else. Upwards 
of 1500 osseous fragments were coUectea belonging to tne fol- 
lowing species : — 

Hysena spelsa. More abundant than any other. 

Felis speuea. Not common. 

Felis (species). Not common. 

Ursus spelseus. Not common. 

U. arctos. Very rare. 

U. (species). Kare. 

5[eles taxus. One fragment only. 

Canis lupus. Thirteen fragments. 

C. Tulpes. Eight fragments. 

Elephas priroigeniua. Freauent. 

Rhinoceros ticnorhinus. Plentiful. 

R. Merckii. One fragment. 

Equus fossllis. Plentiful. 

Bos primigenius. Sixteen teeth. 

Bos (species). Frequent. 

Megaceros hibernicus. Frequent. 

Gerrus torandus. Two fragments. 

C. elaphus. Hare. 

C. (species). Frequent. 

In addition to these were several implements made by man, 
all of which were found in the antrum. They consist of an 
oval shaped spear-head formed out of flint, a chert arrow-head, 
some roughly shaped pieces of chert^ and numerous splinters of 
flint They were all found together m the red earth, and between 
the layers of peroxide of manganese. 

The general conclusions wnich Dawkins draws from his re- 
searches are so important, if they stand the test of future 
investigation, that we prefer giving them nearly in his own 
words. We are, however, inclmed to suspect that the evidence 
does not warrant the inference that man and the fauna of this 
cave date back so far as he supposes. He remarks (' Quarterly 
Journal of the Geological Society,' xix. p. 272, et seq.) that the 
group of animals just noticed throw great light upon the physical 
geography of the district in the days of the hyasna. In the 
absence of the beaver and the otter, of the water-rat and the 
hippopotamus, we may see that then, as now, there was no 
large river in the immediate vicinity. The great preponderance 
of the horse and rhinoceros is very remarkable. The great 
number of the former compared with the few in the Kirkdale 
hysena den may, perhaps, show that they were mote plentiful in 
the west than in the nortn of England. Both indicate the exist- 
ence of an extensive plain in the neighbourhood ; while the 
various species of Cerviace point to woodland on the flanks of the 
Mendips, and encroaching on the plain at their base. But this 
evidence does not stand alone. The physical conflsuration of 
the west coast of Somerset, the jaws of Rhinoceros tiawrhinus at 
Taunton associated with oak, ash, and elder, prove that a level 
district extended in those days, with but little interruption, from 
the Mendips to the Devonian range of the QuantocK, and ad- 
vanced westwards into the Bristol Channel, and possibly into 
the Atlantic. The higher ground of South Wales, m tie moun- 
tain limestone of which bone caves are so numerous, probably 
formed its northern boundary. The mountain limestone border 
of this great plain would obviously be most favourable for the 
habitation of^ the lai^e number of carnivores — ^the hyaenas, the 
three, if not four, species of bear, the two species of Felis, the 
foxes and the wolves. We should naturally expect to find them 
here in greater variety and numbers than in ainr less favourable 
place, subsequently to this came a great depression of the 
district, followed by a great upheaval. In none of the deposits 
formed while the movements were going on, have any relics of 
the cave fauna, except the fox, Irish elk, and red deer, been 
found. Hence the cave was inhabited and filled prior to the 
period of submergence, while the presence of Rhinoceros Merckii 
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may indicate that the cave fauna belongs to the late part of the 
pliocene epoch, or as old as the Bridlington crag. After alluding 
to the peculiarities of the worked fra^ents of stone, and the 
places where they were found, the author thus concludes his 
paper : — " The wnole body of evidence tends to prove that man, 
m one of the earlier stages of his being, dwelt in this cave ; that 
in it he manufactured his implements out of flint from the 
chalk-downs of Wilts, and from the less fragile chert from the 
greensand of the Blackdown hills, and arrow-heads out of the 
chert and the more easily fashionea bone ; and that beyond all 
doubt he was a contemporary with the extinct fauna found, with 
the traces of his existence, in the cave. Then, after an interval, 
in which much of the fauna became extinct, and in which the 
whole of the district was considerably depressed, we again meet 
with traces of man in the coarse pottery and the human teeth 
found bv Dr. Buckland in the great Wookey Hole cavern. And, 
lastly, the discovery of coins of AUectus, Comes littoris Saxonici, 
together with skeletons near the hysena den, brings us down to 
the fourth or fifth century after Christ Thus palssontology 
shades off into archaeology, and that into history, and each, 
taking up the thread where the other dropped it, shows the 
intimate relation between sciences formerly considered to have 
little or no bearing upon each other. Until, however, there are 
data for estimating the magnitude of the breaks in the succes- 
sion, it is impossible to reduce the interval between ourselves 
and the flint-folk to the scale of time used in history. The sup- 
planting of one species by another, and the oscillations in the 
level of the surface prove that the lapse of time was enormous j 
but they do not warrant us in reducing it to any definite number 
of years." 

It appears, then, that this cave is supposed to have been 
inhabited both by man and beast before the glacial period of 
the post-pliocene* epoch, and to have an antiquity greater than 
has Deen claimed for any other ossiferous cavern tnat has yet 
been discovered. However probable the conclusion may be, we 
confess it does not appear to us to be established beyond all 
doubt. The corroded noor of the cavern, the accumulation of 
red eiurth, the scattered arrangement of tne organic remains in 
it, the position of the bone bed within three or four inches of 
the roof, the presence of vertical and lateral passages, the layers 
of £dbum grsecum at a particular horizon far below where the 
great bulk of the bones were collected, are all phenomena which 
would be the result of a condition of things similar to that 
described in the Morea. The red earth and most of the bones 
would be introduced during the periods of floods when the cave 
would be filled with water, and remain filled xmtil the floods 
had sunk below the level of the roof of the cave. The sub- 
sidence would be slow, and unaccompanied by any violent 
water action, and the cave would return to a condition fitting it 
to become the habitation at one time of man and at another of 
various species of wild beasts. Mr. Dawkins admits the possi- 
bility of floods having raised the bone bed nearer to the roof, 
but contends that the hyaenas were the only agents by which 
the bones were introduced. This, he remarks, is shown by the 
circumstance that every bone has been gnawed by hyaenas, by 
the presence of the layers of album graecimi in the red earth, and 
by the absence of watery action on we organic remains. Aomit- 
ting these factB, we still believe it to be possible, although we 
win not say anything as to the probability of the case, that the 
gnawed bones and the hyaena's coprolites may have been intro- 
auced by water from without the cave, and yet not exhibit any 
marked traces of erosion. Further remarks will be made as to 
the bearing of the fauna and the red earth upon the proba- 
bility of the cave not having been filled in the pliocene period 
in describing other caverns. 

The hyaena den has some features which are common to it and 
the majority of ossiferous caverns. First, it is clear the cavern 
was formed before, and it may be long before, the introduction 
of the materials. Inhere woula seem to nave been two successive 
periods : in the first, the condition of things favoured the exca- 
vation of the hollow, while in the second, the excavation wholly 
or almost entirely ceased, and accumulation was in the ascendant 
During this second perioni, also, conditions prevailed from time 
to time whereby the carbonated waters were compelled to give 
up their carbonate of lime, which generally forms either alone 
or with oxide of iron the cementing material of the earth, or 
bones. The way in which the hyaena den is associated with 
other caverns, and the frequency with which suites of caverns 
are connected with the present or former drainage system, indi- 
cate that the hyaena den was formerly a passage for water. 
The caves or passages are frequently arranged in lateral branches 
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debouching upon a main ravine or passage, reminding one of the 
dendritic arrangement of water-courses. The hyaena den forms 
one of such a system, and the lateral branches in it are a freauent 
feature of caves. In the Mendips there are several examples of 
a system of caverns, some of which still afford passage for waters, 
wlule others are dry ; and Barrington Court, Cheddar Run, and 
Wookey Hole are cited by Mr. Dawkins as eminently typicaL 
In course of time the caves are unroofed and converted into 
ravines. Indeed, many of the limestone ravines have originated 
in this way. The corroded floor of the cavem points to waters 
with a large proportion of carbonic acid in solution as the active 
excavating agent At ordinary temperatures water will absorb 
its own volume of carbonic acid, but at 32^ F. it will absorb 
nearly twice its own volume of that gas. This relationship 
between the absorptive power of the water and its temperature, 
the increased solvent power of the most highly carbonated water 
and the apparently unusual solvent powers of the surface waters 
of a particular period, suggest the idea that the caves may have 
in many, perhaps in most, instances been dissolved out by ice- 
cold waters. Moreover, it seems highly probable, as will be 
pointed out in a later part of this article, that this xmusual 
activity of excavation took place just about the time when the 
glaciers were dissolving away a few degrees to the north of 
where the caves are found, and when we would expect the 
heavy snows of the ossiferous cave district, would give rise to 
floods of ice-cold water. I^ then, we can associate these caverns 
with a time when floods of cold water were prevalent, some 
explanation seems to be afforded why the fauna in the caves 
should belong to a particular geological period. The red earth, 
which is so general a feature m these caverns, also favours the 
views above suggested. The Wookey Hole hyaena den is almost 
entirely filled with it ; but as it is formed entirely from the 
insoluble portion of the limestone, it is at once evident that this 
accumulation of red earth represents a mass of limestone many 
times more bulky than the cubic capacity of the cave itself. It 
either represents many other caves, or, what is more likely, it 
represents so much limestone which has been dissolved away by 
the snows and rains which have fallen upon the general sumce 
of the country. On the melting of the snow the insoluble red 
earth would be washed into ue caverns. The period during 
which such operations went on was probably of considerable 
duration, and, indeed, sufficiently long to permit of considerable 
changes in the fauna. M. Lart^t, recognising this lapse of time 
between the earliest and latest cavern deposits, has attempted to 
construct a kind of chronological table, based upon the extinc- 
tion or disappearance of certain species from France. This 
table is given under Post-Pliocbnb, K C. S., but may be con- 
veniently repeated here. He believes the species disappeared 
nearly in the order indicated, and recognises four distinct periods 
characterised by the existence of the cave bear, tichorhine rhino- 
ceros, reindeer, and aurochs, in accordance with which we have 
divided the Ust into four groups. 

( UmiB spelaui. 
1 2 Hysena speUea. 

I Felis spelaut. 
A f Elephu primiceniai. 

I Blunooerot tLchoihiniu. 
A I MegMerot hibemiciii. 

i Cervuf tarmndui. 
A ( BiaoD priicus. 

( Bos pnmigenios. 

Gairigou has proposed a modification of this list, based npon a 
lara;er number of observations. He believes the order was as 
follows : — Urnu tpelcnu, Elephas primigeniua, Ehinoceroi tichor' 
hinuSf Felis spelmu, Hifcena tpekeoy Me^aceroi hibemteui, Cenm$ 
tararuiui, Bos primigentfis, Emms odarMticut, and Bison evroposus. 
And if we arrange them in tne order of their first appearance in 
France the order will be thus : — Ursus spekeus^ Megaceros hibsT" 
nicus, Bison europcpus, Felis spelceus, Hycena tnelia, EUphas primi- 
genius, Bhinoeeros tickorhinus, Cervus iarandus, Bos primi^enius, 
and Equus adamiticw. 

Although LartSt's list is intended to apply to France only, we 
shall adopt it as a convenient means of arranging the caverns of 
western Europe to which we may have occasion to refer. As 
Ursiu spelceus is one of the species found in the hyaena den at 
Wookey Hole ; and as Hyasna speUga is the characteristic species 
of that cavern, it may conveniently be regarded as of the same 
age as other caverns which contain one or other of the first three 
species on the list. In the hyaena den the cave-bear is not 
common, while after the hyaena the remains of the tichorhinn 
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rhinoceros and fossil horse are most abundant. Near the shores 
of the Gulf of Lyons in the south of France, and between the 
43rd and 44th degrees of latitude is a cave at Lunel Viel, the 
fauna of which has considerable resemblance to that of the hyodna 
den at Wookey Hole. It has been described by Serres in a bulky 
volume illustrated with numerous plates. The remains of what 
were considered to be 36 species were described, of which 17 were 
carnivores, 5 rodents, 6 pachyderms, and 8 ruminants, but it is 
probable that several of the species are simply varieties. They 
mclude Urtus tpeksuSf U» aretaideWy which is now regarded as 
a variety of the cave-bear ; Mdes tcmis, Hycena speUea ; M. prisea, 
and H, intermedia, both of which are aoubtful species ; Felis 
spelcBUB, F» ferus, and other species of Felis nearly allied to the 
African lion, the leopard, ana serval ; Canis hipuSy G, mdjyes, and 
an undetermined third species ; Elephas vrimigenius, Rhinoceros 
megarhinus, and B. Merckii; two races of Equus, whose remains 
are plentiful ; Bos intermeditu, and Bos sp., both of which are 
not unlikely the same as Bos taurus; four species of Genms, 
respectively named intermedins, coro^natus, cmtiquus, and psetuio- 
virgineus ; Sus priscus and sercfa ; and also species of oeaver, 
Mus, and Lepus, Allowing for difference of latitude, and the 
difficulties of settling synonvms, there is considerable resem- 
blance between the fauna of the hysena den in England and 
this cave in the south of France. The most noticeable points of 
difference appear to be the presence of several large felines, 
which are wanting in England, and the absence of the tichorhine 
rhinoceros, Irish elk, reindeer, and Bos primigenitis, in the 
French cave. The stags, horses, and oxen were the most 
prevalent herbivores, and the cave-hysena the most abundant 
carnivore. Associated with these remains are specimens of 
human handiwork, and the coproUtes of hysenas ; but Serres, 
after remarking that the bones were introduced as bare bones, 
and even gnawed before their introduction into the cave, denies 
that the presence of coprolites is any proof that these hysenas 
ever dwelt in this cave. He beueves the materials were 
introduced by violent inundations. Originally Serres regarded 
the evidence afforded by this and other caves as indicating that 
man was the contemporary of the animals with whose remains 
his workmanship is found ; and Desnoyers opposed the conclu- 
sion, on the ground that the materials fiad been re-arranged. Of 
late years, Serres has expressed his conviction that no human 
remams, not even the oldest, were the contemporaries of the 
elephants, rhinoceros, hippopotamus, and great lions, which once 
ranged through western Europe; while on the other hand 
Desnoyers has been an ardent aavocate of the extreme antiquity 
of man. Another, and one of the most famous and most carefully 
explored caverns of the Ursus speUtus group is that known as 
Kent* s Cavern, or Kent's Hole, situated one mile to the east of 
Torquay Harbour. It has been the subject of scientific investi- 
gation irom as far back as 1824, when it was visited by Mr. 
Korthmore, who asserts that he discovered a temple in it dedi- 
cated to Mithras. He was followed by Mr. Trevuyan, by Mr. 
M'Enery in 1826, and subsequent years ; by Godwin- Austen in 
1840 ; by a committee of the Torquay Natural History Society 
in 1846 ; and finally, by a committee of. the British Association, 
which commenced its labours in 1864, and read its third report 
at the meeting of the above-mentioned Association at Dundee in 
1867, and its fourth report at the meeting at Norwich in 1868. 
This cavern is situated in a limestone hiU on the western side of 
a small valley which, running north and south, terminates on 
the shore near Torquay. On the eastern slope of the hill, or 
that which faces the valley, and at an elevation of from 180 to 
190 feet above the mean level of the sea, is a low natural cliff, 
in which are the two principal entrances to the cave. They are 
nearly on the same level, 60 feet apart, and about 70 feet above 
the bottom of the valley. The northern entrance leads by a 
short narrow passage into a large spacious hall, termed the 
Vestibule, or Sloping Chamber, and this communicates with 
other chambers and passages, to each of which a name has been 
given; the length of the whole series, from north to south, or 
pwallel to the main axis of the valley, being upwards of 200 feet 
The fioor of the cavern is covered with deposits, which almost 
uniformly have the same succession so far as examined. On ihe 
limestone floor itself, which has been reached in a few places, 
is a red cave earth, with an^lar pieces of limestone, a few 
roimded stones of foreign origm, numerous bones, and articles 
worked by man. Above this is a stalagmitic floor, with an 
aven^ thickness of from 12 to 18 inches, the extremes being 
3 inches and 3 feet. A layer of black moidd, varying from 3 
to upwards of 12 inches in depth, rests on the stalagmite ; and 
upon this are some laige angular blocks of L'mestone. llie 



red cave earth is a mixture of loam and stony fragments, in 
which sometimes the loam and sometimes the stones predomi- 
nate. The stones are placed at all angles, and show no signs ot 
stratification. In places there is evidence of a considerable drip 
having formerly existed in the cavern, since the red earth is fre- 
quently cemented together by carbonate of lime. At the present 
time the cave is remarkably dry. A large number of oroken 
bones and splinters are distributed throughout the red earth, 
although they are somewhat rare in the upper portions of 
it Many of the bones appear to have been gnawec and after- 
wards rolled ; while a small proportion have been split lonm- 
tudinaUy, which also bear the marks of teeth, supposed to be 
those of hysBuas. The bones also have white stains, such as are 
left after the removal of lichens and mosses. They are heavier 
than the bones found at higher levels, and are frequently of a 
chalkv whiteness. They belong to the cave-bear, cave-lion, 
cave-hyaena, fox, horses, ox, several species of deer^ tichorhine 
rhinoceros, mammoth and badger ; an assemblage which reminds 
one of the contents of Wookey Hole, but the resemblance is 
more marked when we find that the hyaena was perhaps the 
most abundant species, and next to it the rhinoceros and the 
horse, while the mammoth is comparatively rare. Numerous 
implements of bone and stone have also been found in the red 
earth. Flint and chert are the principal materials, and the pre- 
vailing form is a flake flat on one side, with a slight ridge on the 
opposite, although specimens of the lanceolate and oval types 
were met with. In noticing the deposits we stated that a 
certain order generally prevailed ; and that the stalagmite 
succeeded to the cave earth. In the Vestibule, however, the 
cave earth is separated from the stalagmite flooring above by 
what has been termed a black hand, whidi covers an area of 100 
square feet, and in one spot is itself separated from the stalag- 
mite floor by a thin layer of cave earth. This black band 
contained numerous bits of charcoal, and yielded many in- 
teresting objects. There were bones and teeth of the ox, two 
or three species of deer^ horse, badger, cave-bear, cave-hyaena, 
fox, and tichorhine rhinoceros. Associated with these were 
hundreds of implements, most of them were flakes of flint but 
still there were numerous perfect lanceolate tools. Of the bone 
tools one was a fine-pointed awL 3^ inches long, and another a 
hurpoon, barbed on one side only. The flooring of stalagmite 
stretched in most places from one side of the cave to the other ; 
but there were holes, or gaps, in it in certain places where the 
drip from the roof was slight, or where some or the laige blocks 
from the roof had fallen on to the upper surface of the red earth, 
and interrupted the continuity of the flooring. In one chamber 
its surface was uneven, being higher at one side than the other ; 
but the level was in part restored by a second sheet of stalagmite, 
which extended from the highest sides of the floor jn one direc- 
tion to the wall of the chamber in the other, while a hollow 
space representing the difference in the level of the floor inter- 
vened between the lower and upper sheets of stalagmite. The 
higher sheet is described as the ceiling. Respecting this ceiling, 
the Committee make the following remarks in their report for 
1866 : — " The nether surface of the ceiling is of a beautifullv 
stainless cream colour, and sends down a profusion of small 
stalactites. When first discovered, the ceiling was supposed to 
be a stratum of limestone in sittt, completely invested with a mere 
film of stalagmite. In order to determme its true character 
several holes were bored through it, when it was found to be 
exclusively stalagmite throughout — granular, and comparatively 
soft in the upper part, but highly crystalline towards its base. 
Tlie origin oi l^e mass is not a little puzzling, for whilst on the 
one hand it seems necessary to suppose that it was formed on a 
basis either of limestone in situ, or of detrital matter mechani- 
csdly accumulated ; on the other, it is dif&cult to imderstand 
how this basis could have been removed so completely as to 
leave behind no trace of stone or bone. Such ceiungs occur in 
the famous Brixham cavern on the opposite shore of Torbay, 
but to their lower surfaces there ding numerous stony and other 
relics of tiie deposits on which they were moulded. After a 
careful study of the case, the Superintendents of the exploration 
incline to the opinion that the ceiling was formed as a noor on a 
deposit of fine earth, which once filled the gallery to the necessary 
height, or in other words, to the prevalent level of the deposit in 
the adjacent chamber ; that this deposit, either by a considerable 
subsidence or by being washed out, was completely detached 
from the floor which overlay it ; and that subsequently a second 
and lower floor was formed in the gallery, and additions were 
made to both the upper and the lower surfaces of the ceiling or 
first floor. In support of this opinion it may be stated that the 
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cream-coloured Btalagniite formiii^ the lower surface of the ceil- 
ing, instead of being characteristic of the entire mass, is but a 
sort of veneer, nowhere more than an inch thick. On being 
stripped off, it is found that both in texture and in colour it is 
strongly contrasted with the material to which it was attached. 
The newly-exposed surface, and the surface only, has Uie exact 
colour of the cave earth ; in fact, it is soil-stained, and thus 
harmonises well with the hypothesis. Again, the abruptly- 
truncated character of its eastern end, or commencement, renders 
it not improbable that the ceiling is the remnant of a floor 
which formerly extended eastward mto the chamber, but which 
has there partially perished. Further, that a floor has been 
destroyed, either wholly or partially, is conclusively proved by 
the fact that a large number of fragments of stalagmite were 
met with incorporated in the existing floor, and also in the cave 
earth below, both in the chamber and m the gallery .'' In 
places this stalacmitic flooring is brecciated, as though it were 
composed of broken pieces of stalagmite re-cementea together. 
The stalagmite has yielded, more especially in the lower and 
more brecciated portions, fragments of chaired wood ; various 
land and fresh water shells; bones of recent species, such as 
fox, horse, and man, as also others belonging to extinct species, 
such as the cave bear ; and flint flakes and implements, together 
with the only fragmentary specimen of polished celt yet found 
in the cave. The human remains consisted of a tooth and 
portion of an upper jaw with four teeth in it The black mould 
above the stalagmite has yielded numerous objects, but as yet 
they have appertained either to man or to recent speaes. 
Amongst the oones the most interesting were several fragments 
of a human skeleton, including vertebrss, lower jaw with teeth, 
and a skulL The other objects are of a very miscellaneous 
character. They comprise numerous well-rounded pebbles, 
perforated by lithodomous molluscs ; whetstones ; pieces of 
slate ; hundreds of flint flakes ; a spoon, a fibula, and a 
socketed celt, made of bronze ; a fragment of smelted copper ; 
large quantities of broken pottery ; a comb, spoon, and chisel, 
formed of bone ; spindle whorls, hazel-nuts, and charred wood ; 
glass wine and porter bottles ; and two or three coins issued in 
tne present century. This is not a complete list of the objects 
discovered, but it shows their general character. The stones 
appear to have been introduced from the neighbouring beach. 
The pieces of slate are supposed to have been used as covers for 
earthenware vessels. The pottery is chiefly coarse, unglazed, 
and marked with patterns similar to those known to have been 
adopted bv the ancient Britons ; but one small piece was of a 
superior cnaracter, and is said to be undoubtedly Samian. 
Among the bone tools are several combs of a form common 
amongst the British, or that of a shoe-horn, with the teeth at the 
broad end, and lines of ornamentation on the handle. The 
spindle whorls also are numerous, and are formed in several 
varieties of hard rocks, such as c;rit, schist, and Kimmeridge 
coal. The flint flakes were most abundant in the Vestibule, and 
the bones were far lighter than those found in the cave earth. 
The state of the black mould in the Vestibule shows that this 
was the principal place of abode for man. The floor is strewed 
with marme shells, more especial] v such as belons to the edible 
kinds. The refuse ovster-snells form consideraole heaps, and 
the limpet, whelk, cockle, mussel, pecten, razor-shell, and cuttle- 
fish, also appear to have been favourite articles of lood ; while 
the marks of fire on mapy of the bones which belonged to the 
piff, deer, sheep, fox, hare, rabbit, birds, and numerous varieties of 
nsn, indicate that these also may have entered into the bill of 
fiure. The black mould extends mto another chamber called the 
'lecture halL' and has yielded similar articles as that in the 
Vestibule. Most of the authorities which we have consulted 
regmd ti^e evidence afforded by this cave as proving decidedly 
that man was the contemporary of the cave bear, cave lion, cave 
hyaena, and tichorhine rhmoceros, and consequently carry back 
the age of man to the time when they livea. They rely upon 
the general body of the evidence rather than upon a few facts ; 
but the principal data upon which their belief is formed are the 
association of implements of various kinds made by man, as also 
his bones, with tne bones of those extinct animals ; the peculiar 
wa^ in which the bones (of what species the reports do not 
inform us) are split longitudinally for the purpose of extracting 
the marrow, ana their subsequent gnawing oy hyssnas ; and 
others whicn need not be mention^. After referriujg to the 
labours of their predecessors, the Committee of the British Asso- 
ciation intimate that their chief results have been to confirm 
and establish on a firmer basis the discoveries already made, and 
that they themselves have advanceil the inquiry by a few 8tei)8 



only. In their first report, in 1865, they were enabled, they say. 
to add " the new fact that several pieces of burnt bone, as well 
as a stone having the appearance of a whetstone, and un- 
doubtedly of distcmt derivation, had been met with in the cave 
earth. Before the end of anotner twelvemonth their attention 
had been arrested by a further phenomenon, and in the second 
report they remarked that many of the long bones had been 
split longitudinally, and that it was difficult to suppose that less 
than human agency could have so divided them. In their third 
report they are able to advance another step, and to record the 
discovery of bone tools, about the cluu:acter of which there can 
be no difference of opinion, which have the mineral conditions 
characteristic of bones found in the deposit they occupied, which 
occurred with the remains of extinct mAmmftlf^ ui soil in- 
dubitably intact, one of them at the greatest depth to which the 
excavation has oeen carried, and all of them oeneath a thick 
imbroken floor of stalagmite, which has itself yield^ remains of 
at least three of the extinct cave mammals. These successive 
discoveries, after laboura so protracted, are calculated to warn us 
not to place implicit confidence in merely negative evidence ; to 
encourage the hope that the bones of man may yet be exhumed, 
though probably in sparine numbers only; and shotdd this hope 
be never realized, to justify even the most cautious in holding 
and avowing the belief that man was, in Devonshire, the con- 
temporary of animals that had become extinct before the times 
of history or of tradition.'' Such has been the care bestowed 
upon these researchesi that one willingly admits that most of the 
statements made by the committee cannot be gainsaid, but even 
if the consummation of all their hopes, the finding of the frag- 
ments of a human skeleton in the cave earth, be realised, there 
seems to us something yet to be done before the most cautious 
will avow that man lived at the same time as the cave bear. 
We question none of their facts, nor do we feel inclined to 
assert positively that their conclusions are wrong. Nevertheless, 
we thmk there is reason yet for holding that the case is not 
proven. The general character of the faunas of the red earths of 
the hyoena den at Wookey Hole and Kent's Cavern is so similar 
that both appear to belong to the same age. If the men who 
made the implements in the red earth of the one cave existed in 
the latest part of the pliocene period, then we should be strongly 
disposed to think those who made the flints in the cave earth of 
the latter did so also. But, as appears to us, the great point 
that wants deciding now is, whether the cave bear, the cave 
hyaena, and their contemporary associates were living with man 
at the time when the last arrangement of the red cave earth 
took place. In the case of the hyasna den^ Mr. Dawkins assures 
us the red earth has never been disturoed since it was first 
deposited ; but in the case of Kent's Hole there seems to be 
clear evidence of such a disturbance. If we mistake not, the red 
earth has been deposited in the cave, then covered by a thick 
layer of stalagmite, the covering broken up and mingled pell- 
mell with the red earth, the whole again covered witb a stalag- 
mite laver, a portion of the earth removed from under this, 
followed by yet another layer of stalagmite over a portion of the 
new surface of red earth. During a portion of this time the 
layer of stalagmite in the Vestibule appears to have been either 
absent or broken through, for man ate his feasts and left his 
refuse to accumulate^ so as to form the black band. Sub- 
sequent to the formation of the black band it was covered with 
stalagmite. If such events occurred, is it not possible that 
the objects of human workmanship may have been introduced 
into tne cave earth during its rearrangement and that this 
earth mav have already contained the bones ot animul i ^ which 
had died long before ? The fact that the bone tools are in the 
same condition as the bones of these animals is a difficulty, bat 
it does not appear to be decidedlv opposed to the view suggested. 
But even if it can be proved that Doth tools and bones were 
introduced at the same time, the rolled condition of the bonei^ 
and the derivation of the red earth from districts outside the 
cave, suggests that we have yet to prove that the bones are those 
of animals who died shortly before the introduction of the red 
earth into the cave. The black mould above the stalagmite 
does not seem to indicate a creater antiqui^ than 2000 years 
ago. The black mould is a feature which u not met with in 
the hyasna den at Wookey Hole. 

In connection with these two West of England caverns may 
be mentioned a third, named the Oyle, about which^ hpwever, 
our information is very vague. It is situated in the carbonife- 
rous limestone which forms the northern boundanr of the sreat 
pldn in which Dawkins supposes the oxen and horses of the 
nyaena den disported. Like Kenf s Hole, it is 70 feet above the 
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"bottom ol the valley ; like it, it consists of a series of large 
chambers comiected Dy narrow passages, and like it the upper- 
most surface consists of a black earth about three feet deep. It 
bears traces, however, of having been once covered with stalag- 
mite. It contained numerous imperfect chips and flint cores ; 
some of the chips were of a green opaque cnert, and others of 
flint. There were remains of Ursus spelceus and other animals 
whose names are not stated, as also numerous shells of edible 
molluscs. 

On the opposite side of the same bay in which Kent's Hole is 
situated is another celebrated cavern, that of Brixham, which 
has likewise been the subject of careful investigation, but we 
beKeve no detailed report concerning it has been published. 
The deposits consist of^ first, and lowermost, a layer of rounded 
gravel, followed by an osseous earth filled with comminuted 
shell in its lower, and a Kmestone breccia in its upper portion, 
the whole being covered by an irregular layer of^ stalagmite. 
The oiganic remains belonged to the cave bear, cave hysena, 
tichorhme rhinoceros, rein-deer, and species of norse, ox, and 
deer. Some of these were found in the gravel, but most in the 
r«i cave earth. They were associated with flint instruments, 
one of which was found close to the bones of the left hind leg of 
a cave bear, the positions of which indicated that the leg was in- 
troduced with the ligaments still connecting them. This fact is 
frequently cited as a proof of the contemporaneity of men with 
the cave bear. 

The grotto of Maccagnone in Sicily is another illustration of 
the chsmges whicb the contents of caves have undergone, and 
although it is not known to contain remains of TIrms speUtus, yet 
it appears to have a claim to as great an antiquity as those 
already mentioned. It contained flint implements, bones of 
El^fhat antiquuSf hyoenas, a large species of Ursus, a species of 
Fens, probably P, spelceus, and numoers of hippopotamus. Many 
of these objects were found in a breccia, patcnes of which still 
adhered to the roof, showing that the cave had once been filled 
with it, and that subsequently the greater portion had been cleared 
out again. Dr. Falconer, wno examinea this cave, remarks that 
the presence of so many hippopotami imply considerable altera- 
tions in the physical configuration of the country. He believes 
that the cave was chiefly filled by material washed in from above, 
and that the uppermost was a breccia of shell, bone splinters, 
burnt clay, bits of charcoal, hyaena's coproUtes, and other ob- 
jects such as are still to be found adhering to the roof. There 
were large Helices whose shells were so perfect as to indicate 
that the resiilts were produced by the tranquil agency of water, 
and not by tumultuous floods. He calls especial attention to the 
inferences that the cave was filled up to the roof within the 
human period, so that a thick layer of bone splinters and the 
other oDJects mentioned was agglutinated to the roof by the 
infiltration of water holding lime in solution ; and that subse- 
quently, and within the human period, such a great change took 
place as to result in the partial evacuation of the cavem. 

The grotto at Aurignac is one of the most important that has 
yet been explored, as the facts yielded by it appear to us to 
tell isjc more strongly in favour of the existence of^ man with the 
cave bear than anything we have yet noticed. It is situated on 
the slope of a hiU bounoing the valley through which the small 
brook of Rodes passes, and about 64 feet above it. Apparently 
it is a simple arched cavity near the summit, without any de- 
cided indications that it has been formed by water, and without 
any connections with other chambers by narrow passages, or 
with tiie surface of the ground by fissures. Its greatest depth 
was seven feet four inches, and the maximum height about eight 
feet. In front of the entrance there is a depressed platform, the 
floor of which has been rendered even by pieces of the rock of 
which the hill is composed, and slabs of a thin fissile sandstone, 
the nearest locality for which is some hundreds of yards distant 
on the opposite side of the Rodes valley. On the even levelled 
floor is a layer of ashes, charcoal, and carbonized bones, from six 
to eight incnes thick. A thick deposit of loose earth and frag- 
mento of rock containing numerous bones and tools overUes 
this, and fonns the only continuous layer in the grotto itself. 
The entrance of the grotto was originaUy closed by a large slab 
of stone, but it is not known whether it rested on the mass of 
loose earth, or penetrated through it so as to rest on the solid 
lock. In the grotto there were nnmierous skeletons, but very 
few notes were made respecting their peculiarities. The cave 
uid platform were entirely hidden from view by a thick talus 
of rubbish which formed the external slope of the hiU. The 
mass of black earth was evidently a place where the food was 
icaten, since both the bones and stones showed traces of the 



action of fire, and charcoal is abundant. The oiganic remains 
consisted mostly of teeth and fragments of bones belonging 
almost wholly to herbivorous animals. The bones had been 
broken, apparently by human agency, for the sake of the mar- 
row, and even marked with cuts and scratches such as might 
have been made by flint implements. Hundreds of flakes were 
found amongst the ashes, and amongst them a round stone with 
two hollows for the fingers to fit into them, with which the flint 
implements were made. There were numerous tools of rein- 
deer and roebucks' horns, some fragments of elephants' molars, 
and coprolites of hysena. The presence of the latter animal 
appears also to be indicated by the markings on the bones 
resembling those of a carnivore. These marks were, however, 
only found on the bones outside the grotto, those in the interior 
being perfectly preserved. The animals found in and outside 
the grotto were ; — 

Hytcna spelsBa. Frequent. 

Fells Bpelasus. Bare. 

F. catus ferus. Bare. 

Unus spelseus. Frequent. 

U. arctos ? Bare. 

Meles tazufl. Bare. 

Ganis lupus. Frequent 

C. Tulpes. The most abundant species. 

Elephas primiffenius. Very rare. 

Bbinoceros ticoorhinus. Bare. 

Bquus caballus. Abundant. 

£. asinus ? Bare. 

Sus sorofa. Bare. 

Bison europieus. Abundant 

Megaceros hibemicus. Bare. 

Cervus tarandus. Abundant 

C. elaphus. Bare. 

C. capreolus. Frequent. 

Under Man, E. C. S., remarks will be made as to the bearing 
the facts have upon the question of the antiquity of the hiunan 
race; facts which M. Lartet thinks gives this old sepulchre a 
claim to a very high comparative antiquity. His opinion is, 
however, prinapally based on the presence of the great cave 
bear. His views are more explicitly stated in the following 
sentence : — " The great cave bear, which we there behold evi- 
dently contemporary with man^ has not, so far as I know, yet 
[in 1861] been founa in France in the diluvium. It is true that 
it has been mentioned in a list which has been repeatedly repro- 
duced, of the fossil mammals which have been discovered in Uie 
diluvial beds of Abbeville ; but I have in vain tried to get at 
the source of the methodical determination upon which this 
statement rests, and from all that I have seen of its fossil re- 
mains, the bear, either from the valley of the Somme, or from. 
the environs of Paris, belongs to a species, or more than one 
species, very certainly distinct from Ursus spekeus. In the 
centre of France and m England, all the remains of the latter 
species, not found in caverns, come from deposits regarded by 
geolo^ts as more ancient thaii the diluvium. It will doubtless 
be objected to this that the remains of Ursus speUeus occur very 
abundantly in most of the caverns of the continent, and even in 
some of those in England ; but, at the same time, it must not 
be forgotten that the date of the filling of these caverns is evi- 
dently to be placed beyond the epoch assigned by geologists to 
the diluvial phenomena, because m several of these caverns, at 
any rate, the remains of mammals are met with, which are 
sometimes included in the lists ofspecies referred to in the latter 
phases of the tertiary period. We see then, that if we rely 
solely upon the consideration of the pabeontolosical concomi- 
tances the result we should arrive at would be tnat the sepul- 
chre of Aurignac should be referred, together with all the circum- 
stances attenoing it, to an epoch anterior to the diluvium properly 
so termed." (N. H. Rev. 1862, p. 71). If then these conclusions 
are to be accepted, this grotto should be considered to be of nearly 
the same age as the hysBna den at Wookey Hole, since both contain 
almost the same assemblage of species, and both yield similar 
tools ; and if the presence of the cave bear is so important a clue, 
most of the caves, such as Brixham, Kenf s Hole, La Ro^ue, Pey- 
de-l'Aze, the caverns at Lifege explored by Schmerling, Maz 
d'Azil, Trou de Chaleux, Trou Frontal, Trou de Praule, Arcy- 
sur-Oure, Balot, Echenoz, Fouvent, Osselles, Goudenans, Senten- 
heim, L'Herm and Neander, should be considered to date their 
commencement as deposit accumulators from preglacial times. 
The cave at Arcy-sur-Cure is about 28 feet above the level 
of the river, and consists of a magnificent suite of lofty halls 
connected by narrow passages having a length from one end to 
the other of nearly half-a-imle. The soil on the floor consists of, 
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in descending order, a sandy clay very similar to ordinary loam 
which contains the remains of the fox, badger, and other recent 
species ; next a reddish breccia of limestone fragments, bones of 
reindeer, &c. ; and lowermost a layer which fills up all the 
irregularities of the solid floor of the cave, and in which are the 
bones of UrstLS tpelcBus, ffyctna sj^Uxa, Rhinoceros tichorhiniia. 
Bison furopcnUf and Equtu adamitieiu. In this lowermost bed 
and in contact with the bone of a cave bear a human jaw bone 
with two molar teeth, which M. Vibraye states is not accom- 

C'ed by any circumstance which offers any indication that it 
been accidentally introduced. Here then we have a fact 
analogous to what the conmiittee for exploring Kenf s Hole so 
much wished to find there. This cave is the first we have men- 
tioned which shows the succession of species well defined. The 
cave bear is confined to the lowest stratum, and the reindeer 
does not ascend above the third. Amongst the caves which 
have strata characterized by the presence of the mammoth and 
the tichorhine rhinoceros and the absence of the cave bear, may 
be mentioned Le Moustier, Laugeri^, Trou de Chaleux, Maz- 
d'Azil, Trou de I'Hyene, Trou de la Naulette, Caves, Chalonne, 
Coudes, Piplart, Baudeans, and Aurensan, but as these layers 
are not marked off in any very striking way from the others, 
and as there are few important conclusions to be drawn from 
their consideration, we pass on to another extensive and highly 
interesting group of caves, or those which are supposed to have 
been inhabited during the reindeer period. So Tar as we have 
been able to ascertain, none have been recorded in England, and 
tiie great majority of those described occur in France ana Belgium. 
The cave of Eyziesis situated in the limestone escarpment by the 
side of the valley of the Beune, and is more than 100 feet above 
the bottom of the valley. The floor is covered with an osseous 
breccia, and this is overlain with a black incoherent mould. 
The breccia is composed of a mixture of broken bones, flints, 
some of whic^ have been worked and others not, and other 
objects cemented by a matrix of carbonate of lime. The flint 
flakes and flint nuclei from which they have been splintered 
occur in profusion. The long bones have been split longitudi- 
nally, and generally bear marks of a cutting instrument. They 
show that the reindeer, the horse, the chamois, the common 
stag, and the Irish elk, have all been used as food by the rein- 
deer folk ; but no traces were detected of the dog, the sheep, the 
hare, or the boar. Without particularizing the contents of each 
cave in succession in order to show that they pertain to a par- 
ticular period, a few general remarks will give a slight idea of 
the people who lived in them. The stone implements are abun- 
dant in all the caves, and comprise flakes, scrapers, cores, awls, 
lance-heads, hammers, and mortar stones. Amoncst the tools, 
found in Le Moustier cave is one elaborately worked, and of a 
short oval form, which has a marked resemblance to one found 
in the hyaena den at Wookey Hole. Amongst all the Dordogne 
specimens not one has been found polished, a fact which may be 
of some importance in connection with the fr^ment of poHshed 
celt found in the cave earth of Kenf s Hole. Bone tools also are 
numerous ; they consist of awls, plain or barbed arrow heads, 
polished needles with well formed eyes, pins^ &c ; but no metal 
or pottery has been discovered All these circumstances imply 
a primitive race of people, yet we find numerous very fair draw- 
ings and sculpturings cut or sculptured on bone which have been 
executed by them. Notwithstaoiding this comparatively high 
artistic skill, Uiere seems to be so much resemblance in some of 
the tools and in the general conditions of life between the cave- 
bear men and the reindeer folk that it is hard to beHeve that 
the one lived in preglacial and the other in postglacial times. 
In the article Man we shall have occasion to make further allu- 
sion to the reindeer folk of France. 

M. Garrigou has arrived at some important conclusions with 
respect to the French cave^ which are expressed in the foUowins 
translation of a summary giyen by himself in a pamphlet entitled 
' £tude comparatif des aUuvions quatemaires anciennes et des 
caverns k ossements des Pyr^ndes et de TOuest de TEurope au 
point de vue g^ologique, pal^ontologique et anthropologique.' 
Paris, 1865. All caverns are far mm, containing the same 
species of animals, and experience has taught me, as I, in con- 
jtmction with my friend m. Louis Martin, first announced in 
April, 1864, that m the Pyrenees the level of a cavern relatively 
to the bottom of the neighbouring valley will enable one to pre- 
dict the nature of the fauna that will be found in it I propose 
to prove, then, that the opinion broached in the note on the 
cave of Espalungne (Basses-Pyrenees) is supported by evidence 
since acquired. The caves whose faunas are wholly or in part 
composed of Urstu speUeiu, Felis wtUeui^ Rhinoceros HchorhxnuSy 



Elephas primiqeniusy &c., generally occupy the highest points 
above the vaUey bottoms in the limestone of the Pyrenees. 
Thus in the department of the Arid^e the cave of BouTcheta is 
situated about 700 feet above the level of the Ariege at the iron 
bridge of Aurignac ; the cavern of Enchant^es is nearly on the 
same leveL The cave of Lherm is at least 615 feet above the 
Aridge at Foix ; the cave of Loubens or Portel is more than 
770 feet above the Aridce at Crampagna ; the upper cave of 
Massat is 554 feet above the Arac brook ; that of Aubert in the 
CastiUonnais is 740 feet above the Lez rivulet Several other 
caves of Ariege and Haute Garonne, which I have not described 
yet, and whicn also contain relics of the cave bear, are from 616 
to 770 feet above the nearest river. Some of the caves which 
M. Philippe has described at Bagneres de Bigorre contain 
Ursus speuevf and the remains of species whicn are always 
associated with it Lastly, the grotto of Aurignac, celebrated 
as much on account of the illustrious palaeontologist who has 
described it, as from the quaternary fauna which it contained, is 
situated very high in the limestone group of hills at Aurignac, 
and far beyond the reach of any diluvial pnenomena, as M. l2irtet 
has justly remarked. The caves in the lower parts of the valleys 
do not contain the laige extinct mammalia found in those at 
great elevations. The levels of the caves in the Bagneres de 
Bigorre valley apparently contradict this assertion ; but a careful 
study of the locality, aided by the palsBontologiceJ examination 
made by M. Philippe, shows that it is in perfect harmony with 
the law I wish to establish. A recent movement of the CTound 
has doubtless produced those alterations of level which I shall 
have occasion to describe in my ceneral studies on the Pyrenees. 
These alterations of level do not ninder ua from still distmguish- 
ing in the limestone mountain of Bagneres de Bigorre the caverns 
which are characterised by the Ursus speUtus fauna from those 
in which the reindeer is the principid mammal, and in which 
there may also be noticed the absence of the elephant and rhino- 
ceros. The reindeer, then, is the characteristic species of the 
lower caves, such as that of Bize, near Narbonne; the lower 
Massat cave, that of Maz-d'Azil, and probably that of Mon- 
tesquieu Avant^ in the Ariege ; the caves of the B^at group of 
hills (Es-Taliens quarter) near Bagneres de Bigorre in Haute 
Garonne; that of Tiourdes in Hautes Pyrenees; and that of 
Espalungue in Basses-Pyrenees. We also find in the valley 
bottoms caverns in which abimdant remains of domesticated 
animals have been discovered. The time when these were 
inhabited by man belongs to the archeo-geological period, cor- 
responding to that of the lake dwelling of Switzenand, or, in 
other words, to the Neolithic or polished-stone age. The caves 
of this kind which we have been the first to describe in con- 
junction with M. Filhol are those of B^deilhac, Sabart, Niaux, 
AUiat, Ussat, Lombrive, Fontanet, &c. in the Aridge. The 
caves of Pontil and Mialet in Aude ana in Gard have yielded 
to M. Paul Gervais archeo-palaeontological remains which belong 
to the same pre-historic period. In common with other ol? 
servers, I have noticed that the same cave may contain the 
several faunas which I am about to name ; but then the oldest, 
or that which accompanied Ursus spekeus, occur in the lowest 
deposits, while the layers above it contain faunas of a relatively 
more recent period. Thus the Aurensan cave, near Bagneres de 
Bigorre, has yielded in the ferruginous argilo-calcareous beds 
Ursvs spelcmSy Felis spdmus, Elephas primigeniusy Rhinoceros 
tichorhinus, &c, above which was a loose diy layer with the 
remains of species still existing in the locality. In the lowest 
beds at the entrance of the upper cavern of Massat were Ursus 
spektus, Felis speUtus, Hycena spelaa. &c. ; the upper beds con- 
taining, as I have already mentionea, remains or the polished- 
stone age ; and there have also been found there metsd instru- 
ments of comparatively modem date. In the oldest and lowest 
deposits of the Maz-d'Azil cave there have been found abundant 
remains of Ursus spelceus, Felis spelceus, Hycena spelcea, Elephas 
primigeniuSy Rhinoceros tv:horhinuSy &c Above this fossiliferous 
deposit, composed of an argilo-calcareous loess, there is another 
qmte different, formed of sand and pebbles, in which occur bones 
of reindeer, several species of horse, sheep, ibex, ox, &c., to the 
exclusion of the animals of the imderlying beds. Animal 
remains belonging imquestionably to a still more recent period, 
to pre-historic time, overlie the beds with reindeer bones^ and 
are never mingled with the remains of this last-mentioned 
mammal. In tne Pontil cave M. Paul Gervais has found, in the 
lowest beds, Ursus spelatuSy Bos primigeniusy Rhinoceros tichor- 
hiniUy &c., while the superficial layers indicate the Neolithic or 
polished-stone age. If on the one hand we pass in review the 
higher caverns of the Pyrenscan valleys, we shall find that it is 
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mainly formed by the following species : Ursus tpelceuSj Ursu$ 
prisais, Felis spelmts^ FelU sp., two- thirds smaller tnan the pre- 
ceding, Hycena spelcea, Hyama sp.^ undetermined, but probably 
the same as that now existing m Africa, Rhinoceros ttcAor^niM, 
Elephas primigenius, Megaceros hibemicumy Cervus elaphtu, Bos 

frimigmiiu, Bison europoms, and sometimes Cervus taravdus, &c. 
f, on the other hand, we examine the old post-pliocene deposits 
of the Pyrenaean valleys from a palseontological point of view, 
we shall find that they contain tne same species as the higher 
caverns, with the exception of the smaller species of Felis, and 
the second species of hysena which I had already noticed in 
1862, which Dr. Falconer also found in the district, and which 
will doubtless turn up in the valley deposits also before long. 
The memoirs of MM. Koulet, Levmerie, and others, on the 
valleys of the Adour, Baiz^, Gers, Glaronne, Tarn, Stdat, Aridge, 
and Aude, have revealed to us the fauna of these vaUeys, and 
enabled us to assert that objects of human fabrication have also 
been found in the old post-pliocene deposits. We are warranted, 
then, in saying that the fossiliferous muds of the Pvrensean 
caverns, situated from 460 to 770 feet above the valley bottoms, 
the lower beds of the caverns situated low down in the valley, 
as well as the older post-pliocene deposits of the sub-Pyrentean 
basin, all belonged to the same perioa, since they all contain the 
same extinct species. As to the species which accompany the 
reindeer, and which occur in the caves above the beds with 
Ursus speUsus, it is difficult to assign their special place in the 
post-pliocene deposits, since they are rarely foimd in them. As 
I have said, they characterise certain caves situated in the lower 
parts of the valleys, and consist chiefiy of Cervus Uurandus, 
megaceros hihemicus^ Cervus elaphus, Bos primigenius, Bison ewto- 
foeus, sheep, chamois, ibex, woU^ fox, and a species of Canis, 
intermediate, probably, between the last two, the lynx, &c • No 
domestic animals have yet been found. In the beds overlying 
those with reindeer, and. at the entrance of the caverns, we find 
the fauna of pre-hiistoric times, consisting of Ursus arctos, three 
domestic oxen of the races named primigeniuSf fr^nUosus, 
hrachyceros, the goat, sheep, Sus scrofa palustris domesticated, 
Sus scrofa var. ferus, the stc^^ the ibex, the chamois, the wolf, 
fox, domestic dog, hare, .blackcock, magpie, jay, &c. This 
fauna has only been observed in the recent fluviatile deposits 
of the Pyrenaean regions. It is only in such formations that 
we can find domestic animals, for reasons which every geo- 
logist will readily understand. Moreover, it is only in the 
beds of the Somme that M. Boucher de Perthes has found 
the bones of pre-historic animals ; the recent peat-bogs have 
also furnished him with numerous remains. The remark- 
able, useful, and difficult works executed along the Seine for 
the purpose of inserting the weirs, have also c^orded to their 
constructor, my friend M, de Lagrenay, civil engineer, a rich 
collection of pre-historic oVjects and animals, found in the 
recent fluviatile alluvium. In the same deposit, my friend M. 
Edouard de Villiei-s, civil engineer, has found, while constructlug 
the ma^iificent bridge of Auteuil, numerous relics of the pre- 
historic fatma buried deeplv in the actual bed of the Seine. If 
stratigraphy and palaeontology indicate three distinct epochs, 
from the commencement of the nost-pliocene period to historic 
times, the study of the result oi human industry so constantly 
associated with these faunas confirm the accuracy of the divisions. 
In fact, the eaves in which exists, the Urstis spekeus faima 
(Lherm, Bouicheta, Enchant^es, Upper Massat, Aubert, Lou- 
bens, Maz d'Azil in the Aridge ; Mmerva, Lunel Viel, &c, in 
Languedoc ; Aurignac in Haut Qaronne, &c.), aJQford facts which 
wairant the stat^ent that at the time when thev were in- 
habited man was contented with rudely fracturing tne^ bones of 
the animals whose flesh he devoured, in order to convert them 
into rou^h and ready weapons, such as arrow-»heads and lance& 
worked jaws, &c. He also muEide implements like those founa 
at Abbeville. The author adds notes relating to the Lunel 
Viel and Aurignac caves. Of the first l^e remarks that contrarv 
to the prevaiBn^ opinion it has contained, and no doubt still 
contains, splendidly worked ouartzites. In a note from his 
friend M» Kames, it is said, '* I have given a worked c^uart^te to 
M.. Lartet This specimen came ixom the collection of the 
Abbe Lave^e, vicar of Arpujon, who obtained it fr(mi M. 
Calmette. The last named, while studying at Montpellier, 
visited the cave with his companions, and tnece collected the 
worked quartzitcs." Of Aungnac he says ;— " This cavern, 
described by M. Lartet, our illustrious ooimtoyman, has, in my 
opinion, been the dwelling and burial place of man for a long 
period of time, or from the age of the cave bear to that of the 
reindeer. This seems to be proved by the fauna and human 



tools wliicli have been discovered there. It appears, as I have 
said above, to have been bejrond the reach of any flood of water 
which could have filled it with deposits. In the caves where the 
reindeer pi-evails, Espalungue, Lourdes, Bagnferes de Bigorre, 
Massat-Ini'erieure, Maz d'Azil, Biz^, &c., the flint implements 
are more elaborately worked than those of the earlier deposits, 
the bones and stags: horns are finely pointed, and converted into 
arrow heads, needles, &c. At a subsequent period, when the cave 
men already possessed numerous domestic aniinals, but were 
ignorant of the use of metals, the bone tools were better fini^ecL 
the rocks were not chipped, but polished^ the art of pottery had 
acquired considerable development, and, in short, civiusation had 
made a decided advance. These are the conclusions to be drawn 
from the researches of myself and others in the caves of Maz 
d*Azil, Bedeilhac, Castle Andry, Sabart, Niaux, Alliat, Ussat^ 
Espaluncue, Pontil, Mialet, &c. 

The above facts will, I believe, justify the conclusion, without 
being far wrong, that in Central France we have traces, in the 
time which elapsed between the commencement of the so-called 
Quaternary epoch up to that of exclusivelv historic times, of 
three distinct phases in the palseontological history of this 
period, as well as in the histoiy of the peoples who have lived 
during the same time. (1) In the first phase man was the con- 
temporary of the cave-b€»ir and of all the animals which accomr 
panied it. The bones of these animals occur either entire or 
Droken by man in the old post-pliocene depo$its of the sub- 
Pyrenaean valleys, in the caverns situated from 616 to 770 feet 
above the level of the present valleys, and in the lowest beds of 
the caves with several Ibssiliferous zones. The relics of human 
industry which we find mingled, without re-arrangement, with the 
extinct mammals, indicate a nascent art veiy similar to that 
of Abbeville. (2) During the first phase the great camivora 
and pachyderms mostly died out. A ruminant, the rein-deer, 
which already existed in the preceding period^ now found itself 
imder such circumstances that its species acquired a rapid deve- 
lopment. It had become, by its abundance, the main feature 
of the second phase, during which man knew nothing of domes- 
ticated creatures. Human industry had made a seiisible pro- 
gress ; the flint implements were chipped with artistic sKill, 
the bones were shaped with greater int^sence^ since they bear 
upon them sculptures and drawings. The reindeer and its 
associated fauna occur in the caves situated near the foot of 
the mountains, and at lower levels than those with the bones of 
the cave bear. We also find them in certain caves in the deposits 
immediately above those containing the mammals of the older 
post-pliocene beds. (3) The third phase was characterised by a 
fauna composed laigely of domesticated animals, whose remains 
have been lound at the entrance to caves situatea at the bottom 
of valleys, and sometimes in the loose soil overlying those which 
contain the cave-bear or the reindeer. Man Uten, polished his 
stone implements and rarely chipped them ; he knew nothing of 
agriculture, and was ignorant of the use of metals. For furuier 
details the reader is referred to the memoir itself, and the more 
especially because the author strongly advocates the great anti- 
quity of human races, and carries man s introduction into Western 
Europe, as far back as the end of the Tertiary epoch. 

Of the many Belgian caves which have been explored of late 
years by M. I>apont, the most interesting are those named 
Trou de Chaleux, Trou de Frontal, and Trou de Naulette. The 
cavern of Chaleux is excavated in the Umestone escarpment of 
the river Lesse, and is about 65 feet above the river level. Its 
floor is covered with a series of deposits, of which the lower- 
most are alternating sands and clays, next a bed of gravel, then 
a bed of sandy day with angular fragments of limestone. All 
these occur well within the cave. The gravel is a weU marked 
horizon, as it correq>onds to the Ardennais pebble-bed, and 
consists of small frajgments of sandstone and rolled psammite. 
Two flint knives, believed to be amongst the earliest of the relics 
of man, have been obtained from it The sandy cky above it 
has yielded the remains of Ursus epelanu. Nearer the mouth of 
the cave, and in part extending beyond it down the slope of the 
hill, are other beds ; the first is a band of fragments of carboni- 
ferous limestone ; next is a bed of sand, dust, and ashes, which 
is the (^hief deposit, since it has yielded bones of men and 
reindeer, together with 30,000 flint tools of all kinds, and the 
remains of eleven species of TnATnmalin^ This is overlain by a 
band of fragments of carboniferous limestone similar to that 
beneath it^ and is, in its turn, capped by an ordinary yellow 
day, which passes up into a reddish clay; and the whole is 
surmounted by a sandy clay having the general texture of a 
loess. The deven species of mammalia alluded to arc the rein- 
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deer, goat, ox, horse, lion, brown bear, fox, badger, polecat, hare, 
and water-rat. Nearly iJl the bones were broken, those of the 
horse being most abundant, this species having evidently formed 
the principal supply for the meals of man. Portions of the 
mammoth were met with, but they were considered to have been 
used as charms, and to have been obtained in the fodsil state. 
The floor of the Trou de Frontal was also covered with a coarse 
stratified greenish sand, overlain by the Ardennais pebbles, from 
which was obtained the tooth of a cave bear. Above this were 
beds corresponding in character with those of Chaleux. Tins 
cave presents features which indicate that it was a burial-place 
analogous to that of Aurifi;nac. In the Trou de la Naulett^ nave 
been found a portion of a human lower jaw associated with 
bones of the mammoth and tichorhine rhinoceros. The caves 
of Belgium afford an important link in the chain of evidence 
whereby the probable age of the de^sits with the remains of 
cave bears may be determined, since it appears that in several 
cases they can be shown to have been formed subsequently to 
the complete excavation of the valleys, and to be synchronous 
with the valley gravels and valley deposits ; and in no in- 
stance is there any decided proof that tney are older than the 
great glacicd period. The excavation and filliug up of the 
caves appear to have gone on most actively during the 
same period as the excavation and partial filling up of the 
valleys was effected. If on the one hand, then, the re- 
mains of certain animals, such as the cave bear, are to be 
considered as the signs of a very early post-pliocene or 
late pliocene age, on the other hand we have proof that 
some of the cavern deposits containing bones of cave bears are 
not older than the river gravels, and that the contents of those 
do not indicate a later period than others, the age of whose 
deposit we are imable to determine by stratigraphical evidence. 
Looking at all the facts, it seems to us that they are more in 
favour of the conclusion that man lived after, not before, the 
valleys were excavated ; after, and not before, the great glacial 
period. For further remarks on the general seouence of post-plio- 
cene deposits, the reader is referred to Post-Fliocenb Pebiod, 
E. C. S. We have reached the limits of our article, but we are 
far from having exhausted our subject. The cavern of Bruni- 
guel, the contents of which have been reported upon by Professor 
Owen ; the Qenista, St. Michael's, ana other caverns on the 
Rock of Gibraltar, which have received the attention of Professor 
Busk and Dr. Falconer, and which afford most important evi- 
dence as to the former connection of Europe with Alrica, as well 
as to the habitation of the rock by multitudes of deer, lai^e Felida, 
hyronas, and man, where now there is but scant herbage for even a 
fewgoats; the Mnaidraand other brecciafiUed fissures and caverns 
in Malta, which add further evidence to convince us that large 
elephimts, hippopotamus, &c., may have formerly rambled from 
Africa and across the Mediterranean into European territory; 
the caverns of Brazil and Australia, and many others too 
numerous to be mentioned, even in this long sentence, will show 
how rich the subject is. 

(lyArchiac, Lemons sur U faune QwiUmairt ; Lartet, Comptes 
Rendus Iviii. ; Dawkins, Q, J, GeoL Soc, vol. xviii. p. 116 ; xix. p. 
260 ; Lubbock, PrehiHorie Times ; Dupont, Bull, de VAead. Roy,, 
Belgiauey 2nd Series, vols. XviL et seq : Garrigou, ^tude Comparu 
live au aUuvione Quatemairee, &c., 1865 ; Brit Am, Reports for 
1866, 1866, 1867 ; &c). 

CELLS [E. C. vol L cols. 812—814]. If we could follow each 
different kmd of cell from its origin to its final stage, and could 
correlate each phase with its associated phenomena, we should 
write one of the most interesting and most importajit chapters 
in the whole range of biological science. Such a task we con- 
ceive to be a pecmiarly difficult one, owing to the dense imagina- 
tive halo which has shrouded the subject It is asserted that 
the ultimate element of all organic structures is a cell, that is, a 
body with dense plastic walls enveloping a space which is 
UBually filled with a fluid ; but this position is not beyond dis- 
pute, lor there are, to all appearance, particles of homo^neous 
texture without any internal cavity, such as fibres, which can- 
not be, or at least have not been, traced to cells for their origin. 
Nevertheless, it is certain there are cells, and it is no less cer- 
tain that they perform most important functions in animated 
creation. 

Every cell possesses the special qualities of organic beings, 
in that they grow, develope, and reproduce ; and it has been 
suggested tnat like the individuals which constitute a species, 
there is a resemblance between the producers and the produced, 
and that the cells, which are genetically related, pass through 
the same change of form and structure, and perform the same 



functions. If wo were to carry on the chain of ideas thus 
started, we might imagine that as cells correspond to indivi- 
duals, so cells of the same kind, that is, which perform the same 
function, correspond to species, and the groups of differently 
constructed cells which are co-ordinated into complex organs or 
into complex organisms, correspond to genera or families. As 
species vary, so we might suppose variations might be detected 
in cells, and by supposing there to be a specially regulated mode 
of variation, we might develope an hypothesis of the origin or 
evolution of cells answering to one or other of the numerous 
hypotheses which have been propounded in explanation of the 
evolution of species. This hypothesis has not oeen established 
yet, but we expect it will be before long, seeing that the hypo- 
thesis of Pangenesis, proposed by Mr. Darwin, is a step in tnat 
direction, and seeing that external characters are the conspicu- 
ous results of the phenomena which occur in the cells. If, then, 
we wish to get a clearer insight into the conditions which bring 
about variations in individuaLs or species, we must submit the 
cells themselves to a closer scrutiny. The tendency of physio- 
logical inquiry has ever been from that which is evident and 
easily seen to that which is concealed and of minute dimensions. 

The cell has for lone been the stronghold of vital force, a 
force which is supposed to be distinct from all the physical 
forces known to, or which have been experimented with, by 
man. What this vital force really is, or whether it is not the 
cover of ignorance, will only be definitively settled when we 
have ascertained to what extent the physical forces are capable 
of explaining cell phenomena. As matters stand at present, we 
woula confidently hazard the assertion that there is as much 
proof for the coexistence of a vital force with the matter consti- 
tuting the inorganic world, as with that which forms plants and 
animals. Thus under Animal Kingdom, E. C. S. coL 67, we 
stated that plants, animals, and minerals are so intimately con- 
nected, that thev appear to be parts of the same great scliem& 
rather than inaependent members of creation ; here we would 
further say that they are analogous to the organs in an oiganism. 
In the organism the parts are manifestly arranged and aidapted 
so as to effect a given object, and this arrangement is attributed 
to vital force. In creation, as manifested on this globe, the 
parts are also arranged and adapted for a special purpose, but no 
one asserts that this is the result of vital force ; and yet there is 
a regulating influence which co-ordinates the parts of creation, 
as well as the organs of an organism. We have seen no con- 
clusive evidence &at there is any force specially confined to 
living organisms ; but our ignorance forbids us from positively 
asserting there is no such force. We will admit that vitality is 
conconutant with a special set of conditions, and that we do not 
know what those conditions are, but we demur to those con- 
ditions being associated in any way widi vital force. A quartz 
crystal will only develope under favourable physical circum- 
stances, and an animal ib in like manner dependent upon suit- 
able physical conditions for its existence. 

Of^late years, however, the seat of vital action has been 
lodged in centres still smaller than the celL Professor Beale 
states that a cell is composed of matter in two states. The in- 
terior consiBts of forming, ^wing, active matter; the exterior of 
formed matter, or that wnich has ceased to be active. The form- 
ing matter, he says, has inherent powers of changing itself; but 
the formed has not, the chan^ wnich it undergoes Ming due to 
forces external to itself. His view appears to be, thiit in tiib 
centre of a cell there is a mass of matter which contains a vital 
force whereby it is compelled to grow, and whereby it is enabled 
to convert inanimate into animate matter. As we pass from the 
centre of the cell to the circumference, we traverse matter which 
approaches more and more nearly to that passive condition 
which he attributes to the cell wall Of this cell wall he says : 
" It may be changed or altered, but it has no inherent powen 
of compelling the elements of matter to assume certain fixed 
relations to each other, like the germinal matter. It has ceased 
to live." He maintams that a cell consists of livinff matter, 
surrounded by dead matter; and in order that fresn matter 
become livinff, it must traverse the cell wall. 

In plants, Mohl maintains that the special seat of activity is 
in a layer, which accumulates on the inner siuDeu^ of the cell 
wall, and which is called the primordial or proto-plasmic 
utricle ; but other botanists have denied that there is any 
special layer to which the active force is restricted. 

The chemical composition of cells does not seem to have been 
determined. The central portion is frequently called proto- 
plasm, and is referred to as being the same in every cell, 
whether it pertains to animals or vegetables. Protoplasm, what- 
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ever this may be, for we have seeu no precise definition of it, is 
apparently a protein-containing substance whose Bpecial quali- 
ties are said to be contractility and sensibility. Protein is, so 
far as we can gather, some hypothetical substance, which has 
never been isolated, and whose existence is very doubtful. The 
name has been applied to a heterogeneous compound of an 
albuminous nature. Protoplasm, then, is not a definite sub- 
stance, so that it may be applicable to compounds differing 
widely in composition and in physical properties. The prin- 
cipal albuminoids are albumen, fibrin, and casein, which differ 
markedly from one another, although all three are mutually 
convertible. But these are tnree only out of many albuminoicLs 
which probably exist in organisms ; and the prevalent opinion 
of chemists is that these albuminoids are complex compounds in 
which many of the constituent simpler compounds are identicaL 
If, however, we confine our attention to the three already men- 
tioned, the perusal of any chemical text-book will afford abund- 
ance of evidence that these present many modifications either of 
a physical or chemical nature. The internal portion of cells is 
therefore not so simple as is implied by the term protoplasm. 
At present there are few classes of compounds about which 
chemists know less, than that to which the albumens belong. 

The cell wall is also frequently considered to be simple and 
uniform in composition. Thus in plants it is stated to oe com- 
posed of cellulose, but cellulose is a term, not for any definite 
compound of invariable composition, but of a class of bodies 
having a general resemblance of properties, of which the most 
characteristic is solubility in an ammoniacal solution of oxide of 
copper. More than this, Fr^my asserts that the cell wall is com- 
peted of other substances than cellulose. Thus paracellulose 
enters into the cells which form the pith, epidermis, and medul- 
lary rays. It is soluble in the above-mentioned solution, but 
only alter it has undergone a special mode of preparation. 
Fibrose enters lai^gely into the woody fibre ; it is not soluble in the 
ammoniated cuprous solution, but it is in strong sulphuric acid. 
VasctUose predominates in the walls of vessels, and is cnaracterised 
by being insoluble in the ammoniated cuprous solution, in sul- 
phuric acid, and in hydrochloric acid, but soluble in a strong hot 
Sotash solution. These appear to be regarded as chemically 
istinct bodies, but in the absence of rigid analysis, it will be 
safer to regard this point as doubtful They may be, as Payen 
and others suggest, the same chemical substance in different 
physical states. But whichever view be correct, it is manifest 
that there are great differences in the cell wall. In animals the 
cell wall is of an albuminous nature. 

Not only are there great differences in the nature of the proto- 
plasm and of the cell wall, but the cells themselves occur under 
widely different conditions. On the whole, then, we are im- 
pressed, not with the simplicity attending the ultimate elements 
of organic structures, but with their complexity, a complexity 
which is quite in harmony with the varied results which are 
produced, and one which it will reauire much research and 
patience to unravel; but before attru)uting anything to yital 
force, we ought to eliminate everything that cannot be explained 
by the action of physical forces. 

CEPHALOPTERA [Squalid^b, E. C. S.]. 

CERCARIA [Eotozoa, E. C. S.]. 

CERVID^ [E. C. vol i. cols. 840—868]. The Ungulate 

Oof verteorates to which the family UervidoB belongs is 
id by Professor Owen into such as nave an odd number 
and such as have an even number of toes. The odd-toed group, 
or the Perissodactyla, is represented by the one-toed norse, 
Equus; the three-toed horse, Hipparion; and the three-toed 
laUnoceros, The even-toed group, or ikeArtiodactyla, are repre- 
sented by the hippopotamus, the peccaries, the hog tribe, the 
camels, the musk deer tribe (Mosckidce), the ox tribe (Bovidcc), 
the antelopes, the sheep, the giraffe, and the Cervida, 

Alces mcUchis, — ^The most easterly district for this species 
mentioned in E. C. is Sweden ; but it also occurs in greater or 
less numbers throughout the Amur district, more pa^cularly 
at certain localities, such as the mountain parts lying along the 
Amgun, Gorin, and l^ssuri rivers. It keeps in the small moun- 
tain glens during the winter, and feeds upon the twi^ of young 
trees, such as the birch and alder. In tne summer it retires to 
the colder mountain elevations for the purpose of escaping from 
the persecutions of flies. In the autumn it frequently wanders 
into the river, immerses the head beneath the sumce, and 
browses upon the weeds which it has rooted up with its fore 
feet. 

The elk is one of the few cervine species now common to the 
European and American continents, but formerly its range was 



more extensive in the latitudinal direction than it is now. 
Thus during the period of the infilling of many caves, that is, 
during the post-pliocene period, the elk was the companion of 
the mammoth, the reindeer, the musk sheep, the tichorhine rhi- 
noceros, the lion, the porcupine, the hedgehog, the Pyrenaean hare, 
and others, in various "p&rts of Southern France, or in 43° N. 
latitude. At present it is not known to the south of the 60th 
degree of latitude in Western Europe, so that since the time of 
the flint-implement-making cave-folks of the Pyrenaean slopes, 
this species has retreated 17 degrees from its former habitat. 
The retreat appears to have been gradual, for elk remains so 
occur in the lake dwellings of Switzerland that we appear to be 
able to trace its gradual extirpation in that district (about 46° 
N. lat) as we pass from the older to the newer sites. It pro- 
bably disappeared from Switzerland a short time before the 
beaver, when the bear, stag, roe, and fresh-water tortoise were 
diminishing in numbers, and jprior to the introduction of the 
smaller domestic animals. This would correspond to about the 
6th century of the present era. 

Tarandus rangifer. — ^The difference in the shape of the horns of 
the European and North American individuals is indicated in 
the wood-cuts in E. C. voL i. cols. 861, 854. Mere differences of 
form seem to be of little importance as a means of classification ; 
but the general nature of the difference between the two varieties 
of reindeer is so constant and is so manifestly related to the cir- 
cumstances imder which each lives as to be worth attention. In 
the Barren-ground Caribou the brow antler forms a broad trian- 
gular palmated process, parallel to and almost as long as the 
mce. In the Lapland reindeer the brow antler has not this 
palmated triangular shape ; the main branch diverges at a slight 
angle from the line of the face, and the projections are curved 
upwards. The palmated antler of the Barren-ground Caribou 
is used as a shoyel for clearing away snow. The upper portion 
of the antler is moulded into a sharp point, with which tne ani- 
mal breaks the surface of the hard snow. In some individuals 
there are two of these shovel-like antlers, while others have one 
only. Where there are two such antlers they are inclined out- 
wards, so as to act like a double shovel ; and where there is one 
it is almost verticaL but can be used both with the right and 
the left motions of the head. The horns of the Lapland reindeer 
are rarely used for removing the snow, and they are evidently 
fjEir less efficient for this purpose than those possessed by their 
near allies in America. The foot is the implement chiefly used 
by them. Andrew Murray has drawn attention to these differ- 
ences, and urges that they are specific and not yarietaL There 
is certainly a constancy in the difference which lends much sup- 
port to this view, while on the other hand there is so intimate a 
relationship between the character of the horn and the surround- 
ing conditions that we might suspect the character was in part 
developed in consequence of those conditions. Admitting that 
there is a difference, the question to be solved is, whether the 
Barren-^und Caribou is a specially distinct creation from the 
Lapland reindeer, or whether ooth are not the modified descend- 
ants of a common ancestral stock. There is no method of 
proving their distinct creation, that is, the direct creation of a 
Barren-ground Caribou without the intervention of parents, and 
of a Lapland reindeer tmder the same conditions; the only 
aigument in support thereof is that they are distinct now, and 
there is no evidence that they descended from parents specifically 
unlike themselves. The special-creation hypothesis will there- 
fore remain impregnable so long as the evolutionists fiedl to 
establish their case. In our opinion neither hypothesis has been 
proved, but there are fewer difficulties on the evolutionary 
hypothesis than the other. There are other differences, but 
these also may be in part due to climatal influences. The North 
American individuals have yellowish brown hair in summer, 
and white in winter; in the Lapland individual tiie winter 
colour is grey. 

If, however, all the varieties of reindeer are introduced into the 
comparison, the gap between those of America and Lapland is 
partially filled up. The type prevalent in Spitzbeigen closely 
resembles the American Barren-ground Carioou, especially in 
the triangular palmated basal sna^. The Siberian mdiviauals 
are intermediate between the Lapmnd and American deer ; the 
horns are broader than those of the Lapland type, the snags 
more numerous, and there is a nearer approach to palmation, as 
indicated in the curved and flattened snags. The Greenland 
type has horns intermediate between those of the two American 
varieties. 

It is stated by many authorities that the reindeer sheds his 
horns before the winter sets in, a statement at variance with 
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what has been said above with regard to their uses. Pennant 
says they are shed soon after September ; Heame and Colonel 
Smith, who is the authority followed in the K C, mention 
November as the month in which they are cast off; but Dr. 
Armstrong's account is that the buckis shed their antlers in 
June, and reproduce them in the following autumn. Most of the 
AjTctic deer retain their horns throughout the winter. There is 
another statement, supposed to b6 well established, to the effect 
that the herds retreat from the north to the south on the 
approach of winter. This is only partially true, since herds 
haVe been seen during winter as fai north as Arctic voyagers 
have penetrated. Dr. Armstrong saw them in the Prince of 
Wales Straits and in the Bay of Mercy, or some degrees north of 
the northern limits of woods, for two successive winters. Dr. 
Hayes (* Open Polar Sea'^ mentions herds of tens and fifties as 
being met with near Foulkes Fiord, between 78° and 79° N. lat, 
in October ; and he says some herds remain as far north as this 
throughout the long Arctic night, and that they grow very poor. 
He met with a large herd in February, when the thermometer 
was 41° below zero. These facts indicate that we have not yet 
ascertained what is the northernmost winter limits of this 
species. The southern limits have been ascertained more 
definitely; but this has been gradually retiring northwards 
within the memory of man. Thus thirteen or fourteen years 
ago herds might be seen in the FiUefjeld of Sweden ; but now 
none exist south of the Namsen river. This northward retreat ap- 
pears to have been going on for many generations, since rein-deer 
Dones are scattered over Western Europe as far south as 43° N. 
lat, and in countries where no tradition points to its former 
existence. But whether it ever extended over the whole area of 
distribution at any one time is more than we can say. Remind- 
ing the reader that the present southern limit is about 60° N. 
lat, we will notice a few of the localities where the fossil remains 
occur; and in so doing we shall work our way gradually from 
north to south. 

Latitude 55° and 56° N. — ^Few specimens have been obtained 
from Scotland ; but these are interesting, as the^r appear to be 
of jcreater geolo^cal antiquity than most reinnieer relics. 
A £agment of uie antler of a female was stated by Dr. 
Smith to have been discovered in a railway cutting near 
Croftamie, Dumbartonshire; it was associated with marine 
shells, such as Gyprina islandica, Astarte eUiptica, Astarte co^n- 
presses, and Littortna littorta. This would correspond to the 
age of the glacial marine clays, or a period long prior to 
that of the carse clays, in which the oldest known traces 
of man in ScoUand have been found. We can, howev^er, men- 
tion still older specimens, namely, the horns and skulls which 
were exhumed nom the sand underlying the boulder- clay at 
Kilmaurs, Lanarkshire. 

Latitude 53° — 54° N. — Several specimens have been found 
in the neighbourhood of Dublin. A skull, horns, and a lower 
jaw were discovered by Dr. Oldham in 1847 at Ballyhela, near 
Dublin. In 1861 Dr. Carte obtained a fine skull with attached 
antlers from tiie Curragh bog, near Ashbourne, Meath county, at 
a deptii of five feet from the surface, and resting upon marl and 
blue day. A second antler has been foimd m Meath. The 
skull from Ashbourne possesses antlers which, with the exception 
of some minor details, are verv similar to those of the Bsirren- 
groimd Caribou, more especially as regards the presence of a 
triangular palmated brow-antler, the function of which was 
doubtless to shovel away the snow. This specimen is a sin- 
gularly valuable acquisition, as it demonstrates the former 
existence of the Norm American and Spitzbergen types of rein- 
deer in Ireland, a t^me, of which, we believe, few fossil remains 
have been found. Most of the fossil specimens are attribute 
to the Lapland variety ; but it may be hoped that some one will 
endeavour to trace out the geological history of both varieties, 
a history which will add much to our knowledge of the post- 
pUocene period. Remains of the rein-deer are found in a some- 
what similar position in Mecklenbourg, that is in the calcareous 
deposits at the bottom of boj^ in association with relics of the elk 
and Bo9 primigenMU, Their antiquity does not seem to be very 
great, so that these remains may belong to some of the later 
representatives of the species in that country, and may have 
flourished during the period of the more recent inhabitants of 
the French caverns, and somewhat before the time of the Swiss 
lake-dwellers. 

Latitude 52° — 53° N. — The earliest discovered of the Irish rein- 
deer remains consist of two antlers obtained from the bofj; oi 
Ballyguiry, near Dungarvan, in 1741, and of some remains from 
Lough Gur, near Bnm, discovered in 1846. Other antlers have 
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been found at Coonagh, in Clare county. The skull and hom 
noticed by Professor Owen as having been found beneath a peat- 
moss at East Bilney, Norfolk, belongs to this latitude, as aiso a 
metatarsal bone from the Cambiidgeshii« fens. 

Latitude 51° — 52°. N. — Most of the English specimens have 
been found in this range. Thus a single cave m Qlamorgan- 
shire yielded more than a thousand bones of this species. Its 
remains have also been disinterred from the Wookey Hole cave 
so ably explored by Mr. Dawkins. Here we have the first 
indication in travelling southwards of the usual mode of occur- 
rence of the rein-deer in its more southern range. The bones 
either occur in or associated with a reddish earth containing 
numerous blocks which have fallen from the roof of the cave. 
The Wookey Hole specimens belong to the varieties usually 
called Cervus Guettardi and Gervui Buddandif and are associated 
with EUjohas primigenius, Rhinoceros tuJwrhinua, and Hyasna 
spekea. Here, too. we meet with a circumstance better deve- 
loped farther south, namely, the contemporaneity of man with 
the rein-deer in all the countries where its remains have been 
found. Thus some of the antlers in this cave have been wrenched 
from the skull, not shed. True, a wild beast might have done this, 
but there are other &cts which confirm the assertion that man 
and the rein-deer lived together, for which the reader is referred 
to Caves, E. C. S. The low level gravel of the Wiley valley, 
near Salisbury, has afforded an interesting group of fossils, for 
in it are commingled the bones of rein-deer, fox, cave hyaena, 
cave tiger, Sptrmapkilus supercilionis (?), Lemmus Gromlandicus {T), 
Leptu timidus, Elephas primigenius, Rhinoceros tichorhinia, 
Equus plicidens, E, fossilisy E. cabaUus, Asinus fossUis (J), or a 
small horse; Sus sero/a (?), Germs elaphusy Bison priscus, B, minor, 
Bos primigenius, Bos longifrons; and the eggs of the wild swan. 
Some of these are highly characteristic oenizens of northern 
climates. 

Latitude 50° — 51° N.— A cranium from Berry Head cave in 
Devonshire is mentioned by Professor Owen, and a skull with 
bones were found in Bnxham cave. The most important 
localities in this range are the Belgian caves explored by 
Schmerlmg, Dupont, and others. In these the rein-deer bones 
are associated in sparine numbers with those of animals charac- 
terising the fauna which flourished with the cave-bear, and in 
surprismg abundance in an ossiferous yellow clay, with large 
rock masses of more recent age. The day is designated by 
Dupont as the Gervtbs tarandus or rein-deer stage. The Abbe- 
ville ^vels have also afforded rein-deer remains. 

Latitude 49°— 50* N.— As examples of the localities in this 
band, the following will be suflBicient. Lart^t records it from 
the post-pliocene deposits at Virey-Nourueil, near Chauny 
rAisne), which also contain Elephas antiquus, E, primigenius, 
Khirutceros tichorhinus, Ovibos moschatv^, &c ; and other observers 
have obtained it from deposits of similar age in the depart- 
ments of Moselle and Meuse. The cave at Rabenstein in 
Bavaria has yielded Elephas primigenius. Rhinoceros tiiJuyrhinus, 
horse, and rem-deer. 

Latitude 48°— 49° N.— Proceeding still southerly we reach 
numerous localities in the neighbourhood of Faris where 
rein-deer's bones have been discovered, such as £tampes, where 
Quettard obtained the first recorded relic. They are associated 
with remains of northern forms like Lagomys, Spermophilus, 
the hamster, and the aurochs, as also with representatives of the 
genera Elephas, Rhinoceros, Hycena and Hippopotamus, which are 
now restricted to more southern latitudes. 

Latitude 47°— 48° N.— The caves at Arcis-sur-Cure have 
been repeatedly explored from the time of Buffon in 1740 to 
that of Vibraye in 1858; but it was not until 1853 that rein-deer 
remains were detected. In the cave called " des F^es ** the soil 
was arranged in layers; the uppermost was a sandy clay or 
brick earth with bones of indigenous living ftnimftU - next came 
a red ossiferous earth with laige blocks of oolitic limestone; 
and lowermost a layer with Ursus spekeus and its usual asso- 
ciates. The middle layer abounded in fragments of rein-deer 
bones commingled with implements of flint and rein-deer hom, 
and remains oi fire places. Flint implements and rein-deer 
bones occur in the Balot cave near Ch&tillon-sur-Seine, in that 
of Echenoz near Vesoul, in those near Chalonne, and in several 
others. 

Latitude 46°-— 47° N. — We can find very few notices of the 
rein-deer^s occurrence in this area; but we may mention the 
cave at L'Echelle near Geneva, as it indicates that this species 
existed in post-pliocene times, although no trace of it has been 
met with in any of the adjoining lake dwellings. 

Latitude 45° — 46° N.— That the scarcity just alluded to is not 
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attributable to any climatic influence, seems manifest from the 
abundance of tlie species in this latitude. Indeed, this, and the 
regions to the south of it, appears to have been the rein-deer 
country, par excellence. Thus the post-pliocene deposits in the 
valley of the Po, near Turin, has ^forded rein-deer, Rhinoceros 
tichorhinus, Ursus spelceus^ Hycena speloea^ Megaceros hibemicusy 
Maehairodus latidens, Felis spelceiis, and TrogorUherivm, The caves 
of Dordogne and Charente nave yielded thousands of rein-deer 
bones, but the majority of them are either broken longitudinally 
for the sake of their marrow, or carved into arrow-heads, fish- 
hooks, needles, polishers, &c.; or engraved with the likenesses 
of the aurochs, the rein-aeer, the mammoth, and other animals 
which there is reason to believe then inhabited the district ; or 
sculptured into the form of a nude female ; or fabricated into 
whistles, and other useful articles. These remains occur under 
circumstances which imply that they belong to the same period, 
although the time it comprised may have been considerable. 
They are usually .found in an ossiferous red earth beneath one 
or more layers of stalagmite, and associated with similar objects, 
many of which have been used for food, such as the horse, a 
species of ox, the bouquetin, the chamois, fishes and birds. A 
few of the rein-deer bones present marks so similar to those 
found on the bones of the same animal, which are daily thrown 
aside by the Esiq^uimaux of the present day, that we may infer 
they onginated in the same way. Tlius the bases of the horns 
are scratched and nicked, a residt which is effected by the Esqui- 
maux in detaching the skin. There are also curious markings 
just below the cannon bone ; similar markings are produced by 
the Esquimaux in removing the tendons. The rein-d^er, in short, 
was the main resource of the man of Central France, and 
suppUed him with most of his wants just as is the case with the 
Esquimaux. Proof of this subjection of the rein-deer to man 
have been found at no less than seventeen different localities in 
France, yet not one of them have afforded a polished stone 
implement of contemporaneous date. The localities of this 
latitude are Pons, Laugerie Haute and Laugerie Basse, Eyzies, 
Moustier, &c. 

Latitude 44® — 46° N. — Many of the caves of this region 
belong to the rein-deer period, and afford similar facts. The 
more important of them which have contained rein-deer bones 
are the Bruni(]pel and Brenges caves. The former contains an 
ossiferous brecciated layer underlying a capping of stalagmite. 
The bones belong to the rein-deer, man, tichorhine rhinoceros, 
antelope, stag, chamois, goat, horse, wolf, doj^, fox, fowl, &c. 
The cave of Brenges contains a reddish ossiferous earth with 
blocks, and is the one whose exploration contributed mainly to 
the correct identification of tne fossil rein-deer. Previous 
observers had referred the rein-deer-like bones with hesitation 
to the Lapland rein-deer, while others considered the differences 
indicated a distinct species therefrom. In 1837 M. Puel ob- 
tained upwards of 20() rein-deer bones from this cave, which 
enabled nim to demonstrate that all the French specimens be- 
lonjged to one and the same species, the Tarandua rang}fer, 

Sititude 43° — 44° N. — Remains of rein-deer are associated 
with bones of the cave-bear in the caves of Aldene, near 
Cerseras (Herault), Espalungue, Lourdes, Mas-d*Azil, Aurignac, 
and other places in the southern departments of France. 

Latitude 42° — 43** N. — There are several localities on the 
northern slopes of the Pyrenees, such as the Bize and Massat 
caves, and the Salat post-pliocene deposits ; but, so far as we 
kaow, no remains have be^ foimd to the south of this range of 
mountains. 

This general survey of the distribution of the rein-deer reveals 
a state of things widely different from the present, but the 
change appears to have been effected gradually. No tradition 
exists in Fiance respecting the rein-deer ; it is not figured on any 
of the old coins ; its bones are not found in the most ancient 
sepulchres in which are frequently buried remains of wild and 
domestic animals, such as the beaver ; it has not been found in 
any of the peat bogs of France. These facts by themselves, 
although of a negative character, indicate the great antiquity of 
the species, and tne positive facts already recoiled fuUy support 
this indication. It is doubtful when the rein-deer disappeared 
from France or the countries contiguous to it. Ca?sar mentions 
an animal which many scholars believe is the rein-deer, but his 
description indicates that his knowledge was obtained from the 
Qermans ; whether the Germans had themselves seen the animal, 
or had only heard of it from inhabitants of more northern dis- 
tricts is not stated. In 1357 the Comte de Foix desired to chase 
the rein-deer, and he went to Scandinavia to find the animal. So 
£eff as we can form an opinion, the rein-deer appeared in western 



Europe at about the same period as the mammoth, and lived in 
company with it, as well as with several large pachyderms and car- 
nivores long since extinct, but in sparing numbers. When these 
diminished in numbers or disappeared the rein-deer rapidly 
multiplied, and became the promment species. It flourished as 
the companion of a peculiar race of men who fashioned rude 
implements,^ and utilized the rein-deer. In course of time men, 
probably belonging to a different race or tribe, introduced 
polished stone implements, but the rein-deer seems to have dis- 
appeared before this. 

ElapJmrus, — In the park attached to the palace of the 
Emperor of China, near Pekin, are some herds of fine deer of 

remarkable character. The Chinese state that thev only 



a 



know the species as represented in those herds, and tnat its 
introduction into the park dates from a far distant period, of 
which no record has been preserved. Several specimens were 
shot by English soldiers when the Imperial Palace was ran- 
sacked some years back, and a few heads were brought to 
England. Some specimens sent to France by Father David 
were described by Milne-Edwards, who proposed to make them 
the type of a new genus, Elaphurus. It has a general resem- 
blance in appearance and gait to the rein-deer ; in the anatomical 
features of its skull and the nakedness of its muzzle to Gervus; 
the tail is long, and furnished with long hairs which draggle at 
the heel like that of the ass. The md.e only possesses horns, 
which have no basal antler, but are usually of well-developed 
proportions, and highly ramified. The process of the frontal 
bone which supports each horn is longer than in the common 
stag. The beam is thick, and, at some distance below the burr, 
gives off a branch almost equal in thickness to itself, which is 
so horizontally disposed as nearly to touch the animal's back. 
Near the extremity of this branch, on its outer margin, are a 
group of antlers which give this part a semi-palmated aspect, 
like that of the brow antlers of old Lapland rein-deer. The rest 
of the beam has a double or S-like curve, bears two large tynes 
directed backwardly and inwardly, and terminates in a fork. 
The upper part of the horn is beset with a number of tubercles. 
The hair is rough and brittle, and of a yellowish-brown colour, 
with the exception of a black band along the centre of the back 
and chest. Its size is that of a large stag. The Chinese have 
fully recognised the peculiar combination of characters possessed 
by itj since they call it the Ssen-pou-siang, or the creature with 
four inconsistent characters ; because, as they say, it resembles a 
stag in its horns, a cow in its feet, a camel in its neck, and an 
ass in its tail The species has been named Elaphurus Davids 
ianv^, 

Cervus elaphiLS, — Like many other of the Cervidce this species is 
passing through those preliminary stages which frecjuently fore- 
shadow its final extinction, the principal of which is restriction 
to a narrower area. Ninety years ago the last individuals dis- 
appeared from Northumberland; in the time of the grand- 
fatner of the present Duke of Bedford the ducal hounds were 
employed in extirpating the species from Devonshire. Formerly 
it ranged throughout the length and breadth of the British 
islands, as demonstrated by tne distribution of its remains, 
which are as widely distributed as the widest known range of 
the living individuals. A century ago it was abundant in a few 
localities in Ireland ; in the ninth century it was generally dis- 
tributed throughout the island, and, in still earlier times, it 
Would appear to have been abundant, to judge from the nume- 
rous bones left by it in and beneath peat bogs. A number of 
bones were dug up from the bog at Bohoe, Fermanagh County, 
in 1863, from which two skeletons were constructed, and de- 
posited in the museums of Trinity College, and of the Royal 
Dublin Society. These indicate individuals rather larger than 
the individuals usually met with now, and present certain pecu- 
liarities, such as 14 instead of 13 ribs, which have induced Pro- 
fessor Haughton to name it C. elaphua var, fossilis hibemicus. 
An antler found in Ballinderry Lake, Westmeath, had 19 
points, and also indicated an imusually large specimen. This 
evidence of the former greater size of the species is met with in 
the remains found in other parts of the British Isles. Thus, an 
antler was found in Coldingnam churchyard in which the beam 
just above the burr was 7 mches in circumference, a size rarely 
met with in modem deer. The past and present distribution of 
the rein-deer and red deer illustrate a pnenomenon especially 
noticeable in the post-pliocene fauna as compared with the 
present. It is the former association of species upon the same area, 
which are now disassociated upon different areas. Formerly the 
rein-deer and red deer coexisted throughout most of Europe, 
although the red deer extended farther south, as into Spain. 
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At present the two species are confined to entirely distinct areas. 
In this case it seems the rein-deer retreated northward, while 
the red deer has retained nearly its old limits, although far less 
abundant in many localities. But there is a variety of, or a 
closely allied species to, C7. elaphuSy viz., G, bcM-baruSj which 
exemplifies the southern retreat. It has recently been dis- 
covered in the Genista Cave, Gibraltar, along with the Hycena 
hrunnea of South Africa, the leopard, the lynx, the serval, and 
the African elephant. This species is now living only in Barbary 
and Tunis. 

G, taivanuSy Blyth, is a new species from Formosa, nearly 
allied to G. sihif and frequently alluded to in Chinese poetry as 
the "red deer with its snowy spots." These spots persist 
throughout the winter, whereas in most spotted deer they dis- 
appear during the cold months. 

G, Sivinhoit, Sclater, is another species from Fonnosa, which 
Sclater says has the general aspect of a rusine deer. The head, 
neck, and fore legs are greyish-black, growing more rofescent on 
the back, and passing, on the rump and hind quarters, into a 
deep chestnut. The tail is rather long, very bushy, and com- 
posed of grizzly, blackish hairs. The inside of the thighs and 
belly beneath are fawn-coloured, passing on the inside of the 
legs into pale ochraceous. 

Dama vulgaris. — ^James I. may have introduced individuals of 
this species into Great Britain, but it is certain it lived in these 
islands many centuiies before he reigned. Its native habitat is the 
regions immediately bordering the Mediterranean — Spain, Sardi- 
nia, Italy, Greece, Asia Minor, Syria, Egypt, and Nortn Africa ; in 
other words, it flourishes best at present in warm, but not tropical, 
districts. It is not probable that it ever existed wild in Norway 
during the present era. Fitzstephens mentions the fallow-deer 
as one of tne inhabitants of the forest which formerly covered 
the heights north of London, and remains of it were found in a 
deposit at Bichmond, York^iire, the age of which is certainly 
olaer than the time of James I., and may be pre-Roman. No 
well-established traces of the species have been found in the 
British islands which can be considered older than the Roman 
advent, and Lartet is of opinion that the Romans were the first 
to introduce it into England. It frequently occurs in Roman 
refuse heaps. The species has been recorded from the Swiss 
lake-dwellings, but Riitimeyer is now inclined to believe this is 
a mistake. It can be traced farther back in time in France, for 
its bones have been obtained &om the Abbeville post-pliocene 
gravel, and callod Gtrvua Sonumtfnm; from deposits of similar 
age in the Idmagne and at Velay ; and from an osseous breccia 
at Pedenas, near St. BUppolyte du Fort (G^ard). It is unknown 
in France in the wild state. 

It is possible, however, that this species is indigenous to the 
British isles, for deer of this type occur in earlier strata. The 
C, Faleoneri of the Norwich crag, and G. Brownii of the Clacton 
beds are species which have more resemblance to the fallow deer 
than any of the known species. These species are founded upon 
horns, and are described by Mr. Dawkins in the 'Quarterly 
Journal of the Geological Society,' xxiv. p. 516, et seq,, from 
whose papers we quote the following passages, in order to show 
their r^tionship with the fallow-deer ; and, first, we will take the 
oldest, (7. Faleoneri ; — " The characters presented by this antler are 
of very high specific value. First, as recards the tynes. The brow- 
tyne is removed from the base, and in that respect differs from that 
of Genms dama and Genms Brovmii. It is, moreover, situated in a 
different plane from that of the second and third tynes, and is so 
iar closely akin to that of the French pliocene Gervua Utraceros in 
the British Museum. The second tyne is much smaller, and 
situated much nearer the first than in the fallow-deer or Cervus 
Brovmii ; while the third, which strongly resembles that of the 
latter species, is further removed from the second, the relative 
positions of the two on the beam being reversed. The beam is 
flattened as in C. tetra<^08, but not to so great a degree. The 
straiffhtness of the beam differentiates it from the three species with 
which it has been compared, as well as from the rein-deer ; the 
smoothness, the absence of deep wrinkles, and the size differen- 
tiates it from C tetraceros. In fine, the antler presents a series 
of characters which are united in no fossil animal that has yet 
been discovered. Its flattened form and the development of the 
third anterior tyne cause its nearest fossil analogue to be the 
Gervus Brovmii of Clacton, while among the living GerMcd its 
nearest representative is the fallow-deer. Its position in point 
of time, with respect to these two species, adequately represents 
its place in the zoological scale. It oelongs to the class of flat, 
antlered deer represented by Germs dama, with which it is con- 
nected through the medium of Gervvs Brownii, The small I 



amount of palmation exliibltcd by the antler of G, Faleoneri is 
largely increased in 0. Brownii, and reaches a maximum in G, 
dama" ..." The antlers of Germis Brownii are totally unlike those 
of any existing species, excepting Gervus dama, to which they 
approach so closely that the tjrpe specimen was considered by 
Dr. Falconer to belong to the latter, Tlie basal half, indeed, 
so nearly resembles the corresponding portion of that of Gervus 
dama that it would be almost impossible to differentiate frag- 
ments from which the coronal portion had been bi:oken away. 
But the resemblance ends at the second tyne. If the series of 
antlers ot Gervus Brovmii be compared with those of the fallow- 
deer, which have been reproduced [in the paper] from Professor 
Blasiua's valuable work (* Fauna der Wirbeltniere,' voL i.), there 
is this important difference visible : in the former the third 
tyne is present on the anterior aspect^ while in the latter it is 
altogether absent. With these exceptions, the antlers of the two 
species are most closely allied [as shown in figures referred to in 
the paper]. To the objection that the third anterior tyne may 
have been an accident, it may be answered, t^t it is to be foimd 
in none of the endless varieties of form assumed by the antlers 
of the fallow-deer, and that it is presented also by a fer more 
ancient cervine species from the Crag of Norwich." 

Gariacus Levnsii and G, macrotvs. — These have been sepa- 
rated by Dr. Gray from Gariacus to form a distinct group, 
Fucervv^. 

CETACEA [E. C. vol. L cols, 869—915]. In the original 
article the general classificatory arrangement, as well as many 
of the details, were derived from Dr. Gray's catalogue of the 
cetaceans in the British Museum published in 1850. In 1866 a 
new edition of that work appeared in which were embodied all 
the improvements in classification suggested by the facts dili- 

fently collected by the author during the previous sixteen years, 
'ortions of these researches, however, had already been printed 
in the 'Proceedings of the Zoological Society for 1864 and 1865.' 
The principal paper in the earlier ' Proceedings ' was devoted to 
a description oi the cetaceans which have been recorded from the 
seas surroimding the British Isles. A few of the species noticed 
are from foreign regions, but why they occur in a paper profess- 
ing to be on British cetacea does not appear, unless it be to show 
the distribution of the nearest allied foreign species. The author 
has personally examined nearly all the British species, and on 
this account alone his descriptions and list of synonyms would 
be especially valuable. He has carefully compared the homolo- 
gous bones of each species. He finds that no bone is exactly 
alike in any two genera; that although the difference is very 
slight in some cases, so slight as to be inexpressible in words, 
yet they are permanent and characteristic. In some species, 
more especially those of the genera Megaptera, or Physalus, the 
bones present " a certain amoimt of variation in minor particu- 
lars, yet almost every bone of each species has a character of its 
own, so that a person conversant with the subject and fresh 
from the study and comparison, can say at once to which genus 
or species any bone that might be shown to him belongs, even 
if it were only a phalange or rib." Impressed with this belief, 
he uses the characters of the osseous system largely in his spe- 
cific descriptions ; but as it would be impracticable to describe 
every bone, he selects a few parts only, such as the head of the 
first and second ribs, tlie cervical vertebrsB, and the tympanic 
bones, as being the most distinctive. We especially refer to this 
important feature of the paper because the palseontoloffist can 
only classii^r by means of the characters presented by the hard 
parts, and because it is very desirable that the results obtained 
by him should be comparable with those of the onto-zoologist. 
This can only be done when the latter attaches equal importance 
to the hard and soft parts as aids in specific distinction, and this 
is the case with very few zoological classifiers. There is, how- 
ever, another important feature wanted, not only^ in cetaceans, 
but vertebrates generally. It is that the bearmg which the 
variations in the hard parts have upon the frmctions and fonns 
of the organs should be ascertained and taken into account. 

The British seas seem to abound in these huge mammals, but 
the superiority of this area over that of closely contiguous areas 
is probably apparent only owing to the more active study of 
them by British than by foreign observers. The older authors, 
such as Fleming, Turton, Jenyns, and Bell, only knew of from 
14 to 18 species when they wrote their accounts of the Britii^ 
fauna, but in Dr. Gray's paper the number is raised to 30, and 
two more have since been added ; so that the total is 3S. £a 
Schlegel's ' Fauna of Holland ' Q862), 10 species are enumerated 
as occurring on Dutch coasts, wnile Nilsson enumerates 16 Scan- 
dinavian species in his ' Skandinavisk Fauna ' (1847). The fol- 
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lowing table is a list of the British species, distinguishing those 
of Scandinavia by S, and those of Holland by H. ; — 

Balena m3r8ticetuf. S. ^. 

Megaptera longimana. S. 

Physalufl antlquorom. 8. 

P. XNigrddii. 

P. SibbaldU. 

Benedenia Enoxii. 

Sibbalduf laticeps. 

8. borealia. 

Balspnoptera rostrata. S. 

EaehricntiuB robustus. 

Catodon macrocephaliu. U. 

PhjMter tunio. 

8teno roBtratus. H. 

DelphinuB delphis. 8. H. 

D. Euphrosyiie. 8. 

D. tunio. 8. H. 

Lagenorhynchui leucopleurus. 8. 

L. albirostria. 8. 

L. acutuB. 

Hyperodon Butzkopf. 8. H. 

LagenocetuB latifrons. 

Ziphius sowerbiensiB. H. 

OlobiocephaluB Svineral. 8. H. 

O. affinis. 

O. incraBBatuB. 

Orca gladiator. 8. H. 

0. craBBidena. 

GrampuB Guvieri. 

Phociena communis. 6. U. 

P. Bpiniferum. 

Beluga catodon. 8. 

MonoceroB monodon. 8. 

The new arrangement of Dr. Gray, an outline of which is sub- 
joined, principally differs from that given in E. C. vol. L cols. 
871 — 874, in a wider classificatory value being given to the same 
group 6i characters, so that what was called a genus is in many 
cases raised to the rank of a family, and in some cases a family 
has become a section embracing two or more families. Illustra- 
tions will be given in the sequel. 

Sub -Order CETE. 
This has the same characters and value as before. 

Section 1. Mysticete. 

Palate furnished with transverse fringed homy nlates of 
baleen or whalebone. Teeth, none in adiuts. Head, large, de- 
pressed. Nostrils separate, longitudinal. Gullet very con- 
tracted. Tympanic bones large. Lachrymal bone, none. Food, 
mollusca and fob. This is equal to the family Bakdnidce, E. C. 

vol L coL 872. . . , . 

The genera present an interesting gradation in the width of 
the skulls, and if arranged by this cnaracter alone would stand 
thus, the first-mentioned having the widest. SibbalduSf BoIob- 
noptera, BarqucUtUf Megaptera, JPhysalus, Eubalama, and BaUma, 

Family 1. BAUBNiDiB (= genus Balama, E. C. voL i. col. 872), 

Dorsal fin, none ; belly smooth ; baleen elongate, slender. Ver- 
tebrae of neck, anchylosed. Pectoral fin broad, truncated at the 
end. Tympanic bone rhombic Maxillary bones narrow, Unear, 
rounded. ix>wer jaw with only a rudimentary ramus. Scapula 
higher than wide, with a distinct coracoid process. 

Genus 1. Balama, Type, B. mysticetus, — Skidl high and con- 
tracted bc^iind ; the firontal very narrow, marginal, directed 
backwards ; tym{)anic bone rhombic, large ; orbits, small 
Baleen, tough, flexible ; enamel, thick ; internal fibres few, very 
slender, forming a beautiful thin flaccid fringe ; cervical and the 
first dorsal vertebrae united by their bodies. Blade bone much 
higher than broad, with a broad acromion. Pelvis formed of 
three bones. Head about one-third of the entire length. The 
frontal bone short, broad and band-like, obliquely truncated over 
the orbit. The upper maxillary bone and intermaxillaries are 
very narrow, Imear. The nasal rather large. The lower jaw is 
thick and roimded with scarcely any ramus near the base. The 
pectoral fin moderate, with five short uneaual fingers, and a short 
spur on the iimer side at the base of the nrst finger ; the middle 
finger longest, then the second, then the first ; the outer or little 
finger very short and rudimentary. The first five cervical ver- 
tebne are anchylosed ; the sixth free, with rudimentary inferior 
lateral processes; the seventh without any inferior process. 
The blade-bone, with three nearly equal sides and a small ante- 
rior coracoid process. The lateral process of the atlas conical 
on the upper part of the sides. 



B, mysticetus inhabits the North Sea ; and specimens have 
been seen off Peterhead, Tynemouth, and the coast of Zetland. 
In 1860 some of its cervical vertebrae were dredged off Brid- 
port, so that possibly it may have formerly extended south of its 
present limits. 

Genus 2. EubaloBna, Type, Balcena auitraMs of E. C. vol. L 
cols. 872, 899.— Skull broad and depressed behind. The frontal 
bones broad, band-like, transverse. Tympanic bones rhombic, 
large. Baleen thick, rather brittle ; enamel thin ; internal fibres 
numerous, thick, rather intertwined, forming a thick rigid 
fringe. Cervical vertebne all united by the neural apophyses 
into a single crest. Lateral process of the atlas rather oroad, 
rounded, shorter below. Ribs, 15 on each side, the last four 
pairs not reaching the sternum. Blade-bone flat, higher than 
broad, with a single prominent acromion. Arm bone stout. 
Fingers five, short, the middle longest 

There is no British representative. 

Genus 3. Caperect, Type, Baloena am,tarctica, E. C. voh L cols. 
872, 899, 900. 

Not represented in British seas. 

Family 2. Baljenopterid^. 

Dorsal fin distinct. Belly plaited. Baleen short and broad. 
Maxillary bones broad, expanded, sharp edged. Pectoral fin 
lanceolate. Vertebrae of neck free ; mst and second rarely 
anchylosed. Tympanic bone oblong, ovate. Frontal bone flat, 
expanded, broad over the orbit ; orbit large. Scapula broader 
than high, with or without a coracoid. This family is divided 
into two sections. 

I. Megapierina, Dorsal fin low, broad. Pectoral fin elongate 
with four long fingers. Blade-bK)ne broader than high, with 
onlv a small or no coracoid process. Cervical vertebrao often 
ancnylosed. Frontal bone broad, narrowed at the orbital end ; 
orbit moderate. Neural arch high, subcircular. This group is 
equivalent to the genus Megaptera of E. C. voL i. col. 872. 

Gtenus 1. Megaptera, Type, M, longimana of E. C. voL i.- 
coL 872. Pectoral fin elongate, about one-fifth of the entire 
length of the animal. Dorsal fin low, truncate. Second cervical 
vertebras with two short truncated lateral processes. First rib 
simple headed, without internal process. Tne upper maxillary 
bone is rather broad with a convex outer margm ; the inter- 
maxillaries are moderately broad ; the nasal very small. The 
frontal bone is broad, much and graduallv narrowed, and con- 
tracted over the orbit The lower jaw slender, subcylindrical, 
with a compoimd ridge-like ramus near the base. The atlas 
with an oblong body, and with a lar^e and short broad lateral 

Erocess firom the upper part of each side. The upper and lower 
iteral processes of the second cervical vertebrae very thick^ 
short, blunt, and separated at the ends ; of the other cervical 
verteorae slender, more elongate, separate. Neural arch of the 
cervical vertebrae strong, high, with a large subcircular cavity 
for the spinal marrow. The bodies of tne cervical vertebrae 
oblong, roundish, or subquadran^ular, rather wider than high. 
The scapula short and broad, without any, or a very small, 
coracoid process. The arm bone long ; wrist with a broad flat 
spur ; the fingers, four, elongate, very unequal in length, the 
ttdrd longest, the second rather shorter, the fourth much shorter, 
and the first shortest ; the longest is formed of eight joints. 
The front ribs thick, oblong, compressed without any swelling 
or compressed dilated part near the condvle. 

Sub-genus 1. Megaptera, Type, M. longimana. — Blade-bone 
without any coracoid process ; the body of the cervical vertebrae 
oblong, sul)circular. A young female of M» longimana was taken 
in the estuary of the Dee in 1863. 

Sub-genus 2. Poescopia (Type, Megaptera Poeecop of E. C. 
vol. i. cols. 872, 900), is the name given to a sub-genus in which 
the blade-bone has a small coracoid process, and in which the 
body of the cervical vertebrae is nearly square with the angles 
rounded. This sub-genus is confined to the seas of the southern 
hemisphere. 

II. PhyaalvML, Dorsal fin erect, compressed, falcate. Pec- 
toral fin moderate, about one-eighth of the entire length of tlie 
animal ; fingers short, phalanges few ; scapula broad, with a 
long coracoia process ; the neund arch broad, low, much broader 
than high. 

a. The dorsal fin, about two-thirds the entire length from th^ 
snout ; cervical vertebrae free. 

Genus 2. Benedenia, Type, B, KnoxU^^Physaliu {Rorquahu) 

hoops, E. C. voL i cols. 872, 900.— Second cervical vertebrae with 

two short truncated lateral processes ; first rib simple headed, 

I with a compressed internal process. Pectoral fins moderate ; 
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dorsal fin falcate ; skull rather hroad ; maxillae broad, with 
nearly straight outer margins. The second cervical vertebrse 
with two separate, broad, strong, nearly equal-sized lateral pro- 
cesses which are rather expanded and truncated at the top (as in 
Megaptera), The third, fourth, fifth, and sixth cervical vertebras 
with elongated slender upper and lower lateral processes, which 
are attenuated and separated at the ends (not forming rings). 
The bodies of the cervical vertebras oblong, transverse ; the 
canal of the neural arch low, oblong, transverse, much wider 
than high. The scapula short, broad, with a strong, well marked 
coracoid process. Vertebras 60. Bibs 15, all simple ; the front 
ones compressed and dilated at the end ; the first with a broad 
rounded lobe on the inner side ; the second with an elongate, 
slender, rounded, internal process. This has been found once 
only on British shores, as has already been mentioned in E. C. ; 
but it has probably been met with also on the coasts of France 
and Spain. 

Qenus 3. PhysaltLS, Type, P. antiqworwm of E. C. voL i. cols. 
872, 900. — Pectoral fin moderate. Dorsal fin falcate, three- 
fourths the entire length from nose. Cervical vertebrae all 
free; the second with a broad expanded lateral process with a 
large hole in the upper part of its oase. Tympanic bone oblong, 
elongate. Vertebras 64—64. First ribs simple, compressed, not 
divided, with a compressed internal process near the condyle. 
The upper maxillary bone is rather broad, gradually tapermg, 
with a straight outer edge ; the intermaxillaries are moderate, 
and the nasal very small. The frontal bone is broad and short, 
suddenly narrowed on the outer side, and truncated over the 
orbit. The lower jaw slender, arched, with a distinct elevated 
ramus near the base. The atlas with a subcircular body ; the 
lateral processes cylindrical and near the middle of the ftide. 
The cervical vertebras posterior to the second have two lateral 
processes which are often united at the end into a more or less 
oroad ring. The bodv of the cervical vertebrae is oblong, trans- 
verse, broader than nigh. The neural arch is lone, with an 
oblong, transverse canal for the spinal marrow, which is much 
broader than high. The scapula high, with a broad coracoid 
process near the joint. 

^ * The upper and lower lateral processes of the third, fourth, 
Bfth, and sixth cervical vertebrae elongate, united, forming a 
ring ; the body of the cervical vertebrae oblong, transverse, much 
wider than high ; the upper and lower edge nearly straight ; the 
lateral process of the second cervical elongated. 

P. (mtiquorum. Several specimens of this species have been 
found on British shores, as noticed in E. C. vol. i. col. 9(X). 
From the account there given it would seem that two specimens 
have been taken off North Berwick. The two references apply 
to the same animal which was captiired in 1831. The skeleton 
there said to be in the Edinburgh Botanic Gardens has since been 
transferred to the Zoological Gardens of that city, where we believe 
it is still to be seen. Other examples have been more recently 
taken. In May, 1859, an adult male was caught in the Hope 
Reach of the Thames, and its skeleton preserved in Rosherville 
Gardens. A description of this specimen was given by Dr. 
Murie in the * Proceedings of the Zoological Society for 1866.' 
It was 60 feet loi^. In the same volume details are given by 
Mr. W. Flower of a large adult male which was stranded in 
Pevensey Bay, Sussex, in November, 1865. Its length from the 
tip of the lower jaw to the end of the tail was 67 feet, the mea- 
surement being taken in a straight line. In 1862 an indi- 
vidual was seen in the Frith of Forth near Burntisland ; and 
in the following year another was captured, and its skeleton 
preserved in Alexandra Park near Wood Green. Several in- 
stances are also on record of the occurrence of this whale on the 
shores of France. 

* * The upper and lower lateral processes of the third, fourth, 
fifth, and sixth cervical vertebrae elongate, slender, free at the 
ends ; the upper one bent down ; the lateral process of the 
second cervical lai^e, truncated. Body of the cervical vertebrae 
oblong, ovate, not much broader than high ; the upper edge 
concave ; the lower very slightly convex. 

P. DuQuidii, It inhabits the seas in the neighbourhood of the 
Orkney isles. A long account of the species is given by Heddle 
in the * Proceedings of the Zoological Society for 1866.' 

* * * The upper and lower lateral processes of the third, 
fourth, and fifth cervical vertebrae short, strong, separate, directed 
laterally, the lateral process of the secona cervical short, truncated. 

P. SibbcUdii. It occurs in the North Sea, and enters the 
mouths of the larger rivers, such as the Humber. 

Genus 4. Sibbaldtu (or SibbaldiuSf as Mr. Flower proposes to 
call it). Type, Balamoptera laticeps (Gray). — The pectoral fins 



moderate. The second cervical vertebra) with a broad elongated 
process perforated at the base. The front ribs double-headed. 
Pectoral fin one-eighth the entire length, and the dorsal fin 
nearlv three-fourths the entire length from the nose. Skull veiy 
broad, maxillary bones very broad, gradually tapering wdth 
nearly straight outer edges. The intermaxillaries moderate, 
linear. The frontal bones broad, band-like, with a wide sinuous 
edge over the orbits. Nasal bone small. The lower jaw slightly 
arched, compressed, with a conical ramus near the condyle. The 
lateral process of the second cervical vertebrae expanded, with a 
basal perforation. Tympanic bone oblong, veutricose. The 
scapula broad, with a large, well-developed coracoid process in 
front. The hand with four rather short fingers, the second and 
third equal and longest, the inner and fourth rather shorter than 
the first. Vertebrae 54. Ribs 13 or 14. The first rib slender, 
with a process on the side near the condyle, as if the rib was 
divided into two somewhat similar lobes above so as to be double 
headed; according to Dubar it is articulated to the first and 
second dorsal vertebrae. 

S, laticeps. This inhabits the North Sea, but the specimens 
hitherto recorded appear to have been met with only off the coast 
of Holland and North Germany ; species veiy similar to this have 
been obtained off the coast of Java. Mr. Flower compared its 
bones with undoubted individuals of ;Si. laticeps from the North 
Sea, and could detect no specific distinction between them. As, 
however, the two areas are so widely separated, and the general 
feeling amongst zoologists is that every species of wh^e is 
restricted to comparatively narrow limits, Idr. Flower proposes 
to consider it a new species, and names it ;Si. Schlegelii, 

S. horealis. In 1827 a dead whale assigned to this species was 
found floating in the North Sea, between England ana Belgium. 
It was towed into Ostend, and hence acquired its name of the Great 
Ostend Whale. Its skeleton was subsequently exhibited at Charing 
Cross in London, and afterwards transported to the United States. 
Dr. Gray says it was 102 feet long, while Mr. Flower says it was 87 
feet. In 1840 a female, probably a young one, of this species, was 
stranded at Charmouth, Dorsetshire. Its length was 41 feet 

This section of Physalina corresponds to the genus Physalus of 
E. C. vol. i. cols. 872, 900. 

b. Dorsal fin two-thirds of the total length from the nose ; 
cervical vertebras sometimes miited. 

Genus 5. BaUenovtera. Type, B. rostrata, — Pectoral fin mo- 
derate, dorsal fin falcate, vertebrae 50, the last being very small ; 
the first pair of ribs undivided near the condyle ; the lateral 

Erocess of the second cervical vertebra elongate, pierced at the 
ase; of the third, fourth and fifth cervical elongate, slender, 
separate ; the lower with an angular bend below ; the front ribs 
simple, thick, with only a slight swelling on the inner edge near 
the condyle; tympanic bones obovate, short, ventricose; the 
lateral process of the second cervical vertebras expanded, broad, 
with a large ovate perforation in the middle of its base, the upper 
and lower margin being broad and of nearly equal width, the 
upper being if anything rather the broader, and very unlike the 
lateral process of the same bone in Physalus ; the neural arch high, 
acute, with a rather high subcircular canal for the spinal marrow ; 
the body of the atlas oblong, transverse, with a sub-cylindrical 
lateral process produced from the middle of the side. 

B, rostrata. This is comparatively frequent in the British 
seas or in the mouths of the larger rivers wliich flow into them. 
The specimen taken at Deptfora (mentioned in E. C. voL i. col. 
900) is probably the same as that whose skeleton is now in the 
museum of the College of Surgeons ; in 1842 another was 
captured in the same locality, the skeleton of which is now in 
the British Museum. In 1834 the species was seen in the Frith 
of Forth ; and in 1860 a male 24^ feet long was stranded at 
Cromer on the Norfolk coast, and its skeleton transferred to the 
museum of the College of Surceons. A description of the 
Cromer specimen was given by Mr. Flower in the * Proceedings 
of the Zoological Society for 1864.' In 1858 a specimen was 
captured off Qie coast of Northiunberland, and its measurement 
recorded by Messrs. Mennell and Perkins in the ' Transactions 
of the Tyneside Naturalists' Field Club for 1864.' 

Genus 6. Eschrichtius. This was first adopted by Dr. Gray as 
a sub-genus, embracing such forms as the Balcenoptera robusta of 
Lilljebarg. In 1865 he raised it to the rank of a genus, and thus 
defined it : — 

" The external form and size of the pectoral fin, and the position 
and form of the dorsal fin unknown ; lower jaw with a very low 
strongly developed coronoid process ; vertebra? 60 ; ribs, 15 pairs ; 
the cervical vertebrae free, the body small, thick, suborbicular, 
quadrangular, rather wider than high ; lateral processes of the 
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third to the seventh vertebrsB not forming a rinc ; the canal of 
the spinal marrow very broad as compared with tne width of the 
body of the vertebrae, and very high, subtrigonal, with rounded 
angles ; the second cervical not known ; blade bone with a dis- 
tinct acromion and coracoid process ; arm bones broad, not longer 
than the humerus ; phalange half as long again as broad ; the 
breast bone trigonal, rather longer than wide ; front part broad, 
arched out in &ont, broadly truncated at the sides ; the hinder 

Sart at first suddenly tapermg for half its length, and then gra- 
ually tapering to a point l^hind." The only evidence of this 
being British is a single cervical vertebra which was washed 
ashore at Babbacombe Bay, Devonshire. Dr. Gray says it 
belongs to E. robustus. 

Section II. Denticbte. 

Teeth in one or both jaws, rarely deciduous ; palate lined with 
a hard membrane, without any baleen ; gullet large ; head more 
or less depressed; tympanic bones small; lacnrymal bones 
distinct. 

Division I. — Nostrils longitudinal, parallel, or diverging, 
covered with a valve, one often lai^r and more developed 
than the other ; pectoral fin broad, truncate. 

Family 3. CATODONTiDiB, 

Head large, subcylindrical, blunt ; lower jaw narrow ; teeth 
large in the lower jaw only, fitting into pits m the gums of the 
upper one ; nostrils separate, one often abortive ; the ninder edge 
of the maxillary elevated, forming a concavity on the forehead 
of the skull ; pectoral fin broad and truncated. 

♦ Head compressed, truncated ; nostril in front of the trun- 
cated head ; dorsal trunk rounded. 

Genus 1. Catodon. Head very large, one-third of the entire 
length of the animal. 

U, macrocephalvs. In addition to the several instances of its 
having been stranded on the British coasts, recorded in E. C. 
vol. i. col. 903, may be mentioned the occurrence of a specimen 
near Thirso in 1863, the skeleton of which is now in the British 
Museum. 

** Head depressed, rounded in front ; nostrils in the forehead ; 
dorsal fin falcate. 

Genus 2. Physeter. Head very large, one-third of the entire 
length of the animal, roimded, convex above ; teeth conical com- 
pressed ; skull elongate. 

P. tursio. This species has been seen on all parts of the 
coast of Britain, but is much more abundant in the north than 
in the south, being frequent about the north of Scotland in 
summer, and rare off the south coast of England and the shores 
of Ireland. 

Division II. — Nostrils united into a single transverse or 
crescent-shaped blower; head moderate, more or less beaked; 
teeth in both jaws, one or both sets being often deciduous ; the 
pectoral fin hoiceolate, tapering. 

Family 4. DELPHiNiDiE. 

Head more or less beaked, smooth ; teeth simple, cylindrical, 
conical, smooth; back rounded; dorsal fin distinct, falcated, 
rarely wanting. 

A, Head more or less beaked ; beak of the head as long or 
longer than the brain cavity; bottle-nose. In his earlier 
arrangment. Dr. Gray made this the second division of what he 
then called DelphiniTia, as given in E. C. vol. 1. col. 904. 

a. Pectoral fin moderate, lanceolate, far apart on the sides of 
the chest ; teeth in both the jaws permanent. Delpkinina, 

Genus 1. Steno, Definition as in K C. voL i. cot 904. 

Genus 2. Delphinus, Definition as in E. C. vol. i coL 904. 

a. Delphimis, Head with long beak; nose of skull slender, 
rather depressed, especially in front, much longer than the brain 
cavity ; teeth from 40 to 60 above and below, but by a misprint 
in E. C. voL i col. 909, the number is said to be 100 in each 
jaw. 

* Skull rounded, triangle just to the tooth line; palate with 
deep groove on each side, and a high central ridge behind. Del- 
phis. 

D. delphis. It ranges from Greenland to the south of Eng- 
land, and appears on the Cornish coast along with the shosis 
of puchards and mackereL 

"** Skull flattened behind ; triangle to the tooth line ; palate 
flat, not grooved on the side. Clymene, 

D, Euphrosyne, This has been met with on the coast of 
England. 



h. Turdo, Beak short; nose of skull thick, conical convex 
above, half as long as the brain cavity. 

D. tursio. Ranges from the Mediterranean to the North Sea, 
and has been recorded from the coasts ot France, Belgium, Hol- 
land, Scandinavia, and Great Britain. 

Genus 3. Lagenorhynckus, Definition as in £. C. voL L 
coL904. 

* Beak short ; beak of skull only as long as the brain cavity ; 
teeth nearly to the noteh. 

L, leucopleurus. A shoal was captured in the Orkney Islands 
in 1864. 

** Beak moderate ; beak of skull only as long ad the brain 
cavity ; teeth not quite to the noteh in the beak. 

L. aWirostris, A specimen occurred off Cromer, Norfolk, in 
1866. 

♦** Beak moderate ; beak of the skull longer than the length 
of the brain cavity ; teeth not reaching the noteh. 

L, aeiUw, It has ranged as far nortn as the Orkneys; 

b. Pectoral fins small, low down, and rather close together on 
the middle of the chest ; upper jaw toothless, lower with few 
teeth, sometimes deciduous. 

* Hyperodontina. Maxillary bones elevated into a crest on the 
sides benind ; teeth two or four, anterior conical ; eyes close to 
the gap. 

Genus 4. Hyperodon. Forehead convex ; gaps short, only as long 
as the short beak ; the eyes near, and the ears far behind the gap ; 
the crest of the maxillary bone thin and wide apart above ; the 
beak of the skull descenmng downwards ; the hinder edge of the 
skull as high as the crest ; lower jaw rather curved ; blade bone 
triangular, with a long acromion and a posterior marginal pro- 
minence ; the bone of the arm short, fingers short ; the opening 
of the blower is transverse, linear, slightly convex forward in 
the middle, and slightly bent back at the ends. 

H, Butzkopf, This species is one of the commonest of the 
British cetaceans. It has been taken at Whitstable, in the mouth 
of the Dee, Belfast Lough, and the Frith of Forth. Formerly 
Dr. Gray believed there were several British species ofHyperodon, 
but he now thinks they may aU be reduced to one. 

Genus 5. Lagenocetus. Tke crests of the maxillary bones very 
thick and close together, especially above, where they are flat 
topped; the beak of the skull horizontal; the hinder edge of the 
skull lower than the top of the crest ; lower jaw straight 

jL. latifrons. Inhabits the British seas. Specimens have been 
obtained at Moreton Bay, the Orkneys, and in the Frith of 
Forth. ThiB is the same as the whale mentioned in E. C. voL i. 
col. 904, as Hyperoodon latifrons, 

** Ziphiina. Maxillary bones simple ; teeth on the sides of 
the lower jaw, compressed. 

Genus 6. Ziphius, Lower jaw gradually tapering ; teeth on 
the sides of the jaw of the males large, compressed ; and females 
small, conical ; tympanic bones large, very thick, free edge open 
and much twisted. 

Z, Sowerbierms. 

Genus 7. Aliama, Head conical, tapering; upper jaw tooth- 
less ; the lower jaw rather the largest, bent up at the top, with 
two large conical teeth in front, and sometimes a few smaller 
on the Side just behind them. 

A, DeamarestU. It is a Mediterranean species, and the same 
as those called Hyperoodon doumetii, and H, Desmarestii in E. C. 
vol. L cols. 872, 904. 

B. Head rounded in front, not beaked; beak of the skull 
nearly as long as the brain cavity. 

a. Olobiocephalina, Pectoral fins falcate, elongate, low down,, 
near together on the chest ; head very swollen, intermaxillary 
bones very wide, covering the maxilla above ; teeth conical ; side 
of maxilla expanded horizontally. 

Genus 8. Ghbioc^hahu, 

* Palate of skin nat or rather concave in the middle. Glcbuh 
cephcUus, 

G.SvinevoL 

0, affinie, Inhabite the North Sea, but is not known as a 
member of the present British fauna, although it has been foimd 
as a fossil. • 

** Palate convex ; shelving on the sides. SpharocephcUus, 

0. vncrassatus. Habitat, British Channel, Bridport, Dorset- 
shire. A skull obtained from this place in 1853 is now in the 
British Museum. 

b. PhoccBnina, Pectoral fin ovate, wide apart^ lateral ; inter- 
maxillary bones moderate. 

t The lateral wing of the maxilla horizontally produced over 
the orbit ; dorsal fin distinct ; teeth conical. 
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Genus 9. Orea, Definition as in £. 0. voL L coL 904. 

0. gladiator. In 1864 a school of ten entered the Pamtt 

0. erasndens. Inhabits the North Sea, but only occurs as a 
fossil in Great Britain. 

Genus 10. Grampus. Definition as in £. 0. voL i. col. 904. 

G, Ouvieri, The skull of the Isle of Wight specimen is in the 
British Museum. 

tt The lateral wings of the maxilla shelving down over the 
orbit 

* Teeth permanent, compoimd sharp edged. 
^ Genus 11. Phoccena, Definition as in E. 0. voL i. col. 904. 

P. communis. In 1865 .the Zoological Society acouired a fine 
male por^ise, which was caught off Mcuq^ate, ana which was 
exhibited in their gardens for a lew days. When examined after 
death the upper edge of the dorsal fin was discovered to he sharp, 
hard, and serrated, a feature which is present in a South Ameri- 
can porpoise, but is absent in the common porpoise. Dr. Gray 
attauies high importance to the character, and accordingly he 
employs it as a means of splitting up the genus into three parts, 
eacn of which contains one species. What the value of these 
parts may be, whether specific or subgeneric he does not inform 
us, and, judging from his general views of the principles of clas- 
sification, it matters not what they are called. His arrange- 
ment is : — 

a. Back in front of the dorsal fin, and upper edge of the dorsal 
fin smooth, without tubercles or spines. Dorsal fin on the 
middle of the back. P. communis. 

6. Back in front of the dorsal fin smooth ; the upper edge of 
the dorsal fin with a single series of oblong compressed tubercles 
which are more crowded near the upper end of the fin. Dorsal 
fin in the middle of the back. P. tuberculifera. Hab. Margate. 

c. Back in front of the dorsal fin with a small series, and upper 
side of the dorsal fin with three series of square based compressed 
tubercles or spines. Dorsal fin behind the middle of the back. 
P. spinipennis. Habitat, Rio de la Plata. 

♦* Teeth earlv deciduous, conical, dorsal fin, none. 

Genus 12. Befuga. Teeth in both jaws early deciduous. 

B. catodon. 

Genus 13. Monodon. Teeth very early deciduous ; male with 
a projecting spiral tusk in the upper jaw. 

M. monoceros. 

Of the second sub-order, or that of Sirenia, there may be said 
to be no representative in the British faima. A few specimens 
of the Manatee have been drifted on to the shores of Scotland 
and France ; but these have been either dead or mere stragglers. 

CHABASITE, or CHABAZITE [E. C. vol. i. coL 916]. 
This is one of the great group of Zeolites, of which it may be 
said that the species and varieties differ from one another by in- 
considerable modifications of a few general properties. Each 
presents variations, sometimes of such an extent that it merges 
into the extreme varieties of other species. They appear to 
occur tmder similar lithological circumstances, and to have ciys- 
tallised out xmder similar conditions. Hence the details relatm^ 
to one species frequently have a bearing upon the properties ana 
modes oi formation of several others. 

Chabasite occurs in crystals belonging to the rhombohedral 
Bvsicm. The commonest form is a simple rhombohedron, which 
mffers so little from a cube that it has been mistaken for 
such. The angles at which the principal faces meet are 94° 36' 
^ut it may vary from this point up to 96° 2'), and 86° 14' ; this 
oiffers so little trom a right angle tnat an unpractised eye would 
not perceive the difference. As with the pnmary, so it ia with 
the secondary forms, many of which simulate or approach to modi- 
fications of the cube, frequently the primary rhombohedrons 
are united two and two, the crystals being blended together, and 
arranged around the same vertical axis, but with the lateral axis 
of the one inclined in the horizontal plane at an angle of 60° to 
those of the other. This is what, we believe, is meant by the 
term ' attached crystals ' in the original article. A twin structure 
with a composition face more or less obliquely striated on either 
side of a median line is a feature which chabasite shares with 
most zeolites; moreover, we would notice that in quartz blended 
twins are exceedingly frequent, the pyramidal conibination faces 
are obliquely striated, ana that the primary rhombohedron has 
an angle of 94° 16', so that it would seem tne silica is the pre- 
dominant ingredient physically as well as chemically. The 
vitreous lustre occurs in aU. the zeolites, but varies in its 
degree of splendour, and in many species the plane of easiest 
cleavage has a pearly or silky lustre. Pure chaWsite is colour- 
less, as indeea are most of the zeolites. Generally, how- 
ever, the crystals are more or less tinted, which tints 



are due, not to the inherent nature of the species so much as to 
the conditions prevalently connected with tnem, such as partial 
pseudomorphic alteration, &c Nevertheless, some species habit- 
ually possess certain tints which serve as distinguiSiing marks. 
The flesh-red crystals found in Nova Scotia are termed Acadio- 
liU, some specimens of which resemble Chiastolite in having 
the colouring matter arranged in a tesselated manner. When 
chabasite is treated with hydrochloric acid the silica separates 
out in a gelatinous condition, and in this respect it agrees with 
nearly aU the zeolites. Under tiie action of the blowpipe cha- 
basite, like all zeolites, becomes opaque white ; but in many 
other respects the zeolites differ much from one another in their 
behaviour when treated. Thus some intumesce before they 
fuse, like chabasite ; but others fuse without intumescing, like 
haiinotome. There are also differences in the facility with 
which the mineralB part with or absorb their water of crystalliza- 
tion. Several observations on this point have been published by 
Damour, but it would l)e desirable for some one to conduct a 
series of comparative exjieriments on the varying force of the 
chemical affinity of water in hydrated minerals under varying 
temperatures, both under the same and under diverse conditions. 
Damour found that crystals of chabasite from Dyrefiord, Zea 
land, and Riibendorfel, Bohemia, lost 7*2 of volatile matter, 
probably water only, after an exposure for five months in dried 
air; and when these crystals had been exposed to ordinary air 
for a few months they regained somewhat more than they lost. 
When heated to 100° C. for one hour 2-75 per cent of their 
substance volatilized ; on raising the temperature to 180° the 
loss was 14 per cent ; at 300° it was 19 per cent. ; at a dull 
red heat it was 21° per cent.; and at a bright red heat the loss 
was 22-4 per cent., accompanied by intumescence and partial 
fusion. The higher temperatures effected a radical alteration 
in the molecular state of the crystals, for those which had 
been heated to 300° regained their full amount of water on 
exposure to ordinary air, while those which had been subjected 
to a red heat were no longer hygroscopic. The variety Phacohte 
lost 7 per cent, after a seven months' exposure to dried air ; but 
when left in an atmosphere laden mth moisture the loss was 
made good, and an excess of 12'5 per cent, in addition taken up. 
The excess disappeared when the specimens were restored to 
ordinary air. At 100° C. the loss was 3*7 per cent.; at 210" 
15-7 per cent.; at 290° to 360° IS.per cent.; at a dull red heat 
22-2 per cent; and at a bright red 228 per cent, when fusion 
took place. There is no material difference between the two 
varieties of mineraL Scolecite contains the same ingredients as 
chabasite, but in different proportions, the alumina and lime 
beinc increased at the expense of the water, of which there is 
nearly 14 per cent The crjrstals lose nothing below the boiling 
point of water, or 100° C; at 300° the loss was 6 per cent, or 
more than a third of all the water ; at a dull heat the loss was 
12 per cent, and the hygroscopic power was destroyed ; at a 
bright red heat the loss was 13-9 per cent Chabasite agrees 
with scolecite in parting with all water at a bright red heat, but 
the water is retained with slighter force at the lower tempe- 
ratures. Levynite differs from chabasite in crystalline form, 
but chemically some specimens of levynite nearly agree with 
some of chabasite ; theoretically the alumina is more abundant 
in levjmite than in chabasite, and the increase in this element is 
at the expense of the water. One fourth of the water is given 
off in dried, but reacquired in ordinary air. At 70° C. the water 
begins to disappear, and at 226° rather more than half has 
vanished ; while at the same temperature much more than half 
the water is sep^irated from chabasite. Gmelinite, which differs 
from chabasite in structure rather than in composition yields up 
its water with greater facility; the loss at 100° C. is 13 per cent. ; 
at 230° C. it is 20 per cent, and at a dull red heat 21-6 per cent. 
In Phillipsite the structural form is different, as also the chemical 
composition. The principal chemical difference is that phillip- 
Mte contains more potash, which occupies the place partly of the 
lime and partly of the water. It parts with its water more 
readily than chabasite; thus a month's exposure to dried air 
causes a loss of 8 per cent, in the weight, or of nearly one half 
the water, but this is regained on replacing the crystals in ordi- 
nary air for 24 hours ; at 60° C. the loss was 12*3 per cent., the 
whole of which is recovered on placing the crystals in ordinary 
air, but they disintegrate into an opaque powder. At 160° 
nearly all the water is liberated, there ixjing a loss of 16 per cent 
in the weight ; and at 260° C. the whole of it is driven off. In 
stilbite the proportions of the alumina, lime and water are rela- 
tively to each other the same as in chabasite ; but the quantity 
of Binca is greater. It parts with the larger moiety of its water 
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more readily than chabasite. At 100° C. tlie loss is 1*3 per cent. ; 
"between 100^ and 160° it is 13 per cent., which is not wholly 
regained on re-exposure to ordinary air ; at 170° the loss is 16*2 
per cent Heulandite is chemically like stilbite, but contains 
rather less water, and in the facility vdth which the water is 
liberated it approaches chabasite more nearly than stilbite. 
Thus the loss in weight is 2*1 per cent at 100°; 8'7 per cent 
between 100° and 150°; and 12*2 per cent at 190°. 

Chabajsite, like most minerals, yields slightly different analy- 
tical results, so that scarcely any two crystals present the same 
ingredients in precisely the same proportions. Each ingredient 
is liable to absolute diminution, the deficiency being supplied by 
something else. A theoretically pure crystal would contain 
47 '33 per cent of silica ; 20*3 per cent, of alumina ; 11.04 of 
lime; and 21*3 of water, which corresponds to the formula 
Ca 0. AljOs* 4 Si 0, + 6 H, 0, to the oxygen ratio 1:3:8:6, 
and to the simplified expression Ca : Al. Si Oj + 1^ H, 0. In 
most crystals tne proportion of silica is in excess of the theo- 
retical estimate, owing, as we suppose, to a partial withdrawal 
of some of the other ingredients. Generally speaking, the most 
highly silicated specimens are those which have lost most lime, 
as is indicated in the following list of analyses, in which the 
order adopted is the degree of suication : — 



Silica. Alumina. Lime. 



1. 
2. 
3. 
4. 
6. 
6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 



62-20 
6202 
6214 
61-46 
60-66 
6019 
60-14 
48-76 
48-63 
48-36 
48-31 
48-18 
47-76 
4700 
46-33 
46-63 



18-27 

17-88 

19-14 

17-66 

17-90 

17-46 

17*48 

17-44 

19-62 

18-62 

19-47 

19-27 

20-86 

19-71 
21-87 
19-48 



6-68 
4-24 
7-84 
8-91 

9-37 
7-13 

8-47 
10-47 
10-22 

9-73 
1101 

9-66 

6-74 
10-63 
10-40 
13-30 



Soda. Potash. P^.^^i^e Maj:- 
oflroii. nesia. 



4-07 

•71 

1-09 

2-12 



•66 
•26 

1-64 

2-34 

•65 

•96 

1-68 



2-12 



3-03 
•98 

•17 
1-70 

•62 
2-68 
1-55 

•28 
2-66 
1-17 

•21 
1-65 

•33 
1-29 
1-31 



•85 



•26 



•16 
•43 



•14 



Water. 

20-62 
18-30 
19-19 
19^66 
19-90 
2209 
2083 
2172 
20^70 
20-47 
19-66 
21-10 
21-30 
22-29 
19-16 
17-98 



The average of the first and second eight analyses is as 
below : — 



Silica. 
1st eight 60-94 
2nd e^ht 47-62 



Alumina. Lime. Soda. Potash. Water. 
17-90 7-87 1-13 1-46 20-27 

19-84 10-08 1-12 1-09 20-25 



The table, however, indicates that the conditions under which 
the alterations were produced varied considerably. The analyses 
1 and 2 are those of acadiolite ; analyses 15 and 16 are those of 
phacolite from Leipa. The last is remarkable, since the lime is 
in excess, while the alteration has mainly occurred in the silica. 
The analysis 13 is that of chabasite from Faroe, and is an excep- 
tion to the general statement immediatelv preceding the table ; 
the lime is the only normal ingredient which has been affected, 
and that to a greater extent than almost any other specimen 
noticed in the table. Analysis 3 is that of chabasite from Pars- 
boro' in Nova Scotia, and is a contrast to 13. These peculiarities 
teach little in the absence of details as to the actual conditions 
under which the crystals were found, and this kind of informa- 
tion is very scarce in the standard mineralogical manuals. In 
some of the more highly silicated crystals the large proportion 
of silica is in part due to the presence of particles of quartz, 
which were either entangled in the crystals when formed, or 
have been liberated from combination without having been re- 
moved by solution. Thus some acadiolites contain 47-94 ^er 
cent, of silica which is soluble, and 8*04 per cent, which is m- 
Boluble in carbonate of soda; while the chabasites with the 
smaller propjortion of silica, such as that from Aussig, whose 
composition is represented by analysis 11, contains from 47*4 to 
48^4 per cent of soluble silica, but no quartz. 

A crystal of chabasite is exceedingly sensitive to alterations in 
the solutions which flow by it, and, as chabasite is a good repre- 
sentative of the usual composition of many clay soils, we will 
refer to some of the changes that take place. Eichhom made 
some experiments ux>on a chabasite having the composition 
represented by 1 in the subjoined table. When 4 grammes of 
chabasite were placed in 400 cubic centimetres of water contain- 
ing 4 grammes of chloride of sodium in solution for 10 days, the 
chance represented in analysis 2 was the result The effect of a 
BolutKHi of 20 grammes of carbonate of soda in 500 cubic centi- 



metres of water for 21 days is shown in analysis 3. The effect 
of a solution of 10 grammes of chloride of ammonium in 500 
cubic centimetres of water for 21 days is shown in analysis 4 ; 
while that of a solution of the same strength of carbonate of 





Silica. 


• 

Alumina. 


Lime. Ammonia. Potash. 


Soda. 


Water. 


1. 


47-44 


20-69 


10-37 


•65 


•42 


2018 


2. 


48-31 


21-04 


6-65 


•64 


640 


1833 


3. 


48-39 


20^76 


6-64 




6-86 


18-46 


4. 


51-26 


2217 


415 6-94 




•61 


14-87 


6. 


60-61 


21-26 


6-63 6^91 




•87 


16-72 



These experiments were performed at ordinary temperatures 
and prove that when surroimded by a sodium contaimng solu- 
tion a portion of the lime is given off, while some of the soda 
takes its place ; and when an ammoniated solution is employed 
the lime is replaced in part by ammonia. These artifacially 
altered chabasites resemble none of the specimens noticed in the 
first table, but the second and third come nearest to analysis 13. 
Thus the lime only is much altered, while the ^ca and cdumina 
are only slightly altered. The fourth and fifth experimental 
results resemble the natural crystals in the increased r^tive pro- 
portion of the silica, but differ in the large proportion of the alu- 
mina ; in the natural specimens with more than &Oper cent of 
silica there is usually a diminution in the alumina. Tne action of 
the solution is instructive as showing that the bases are only par- 
tially, not entirely replaced. Thus, with a chloride of sodium 
solution, a portion of the lime is replaced by soda ; if such a 
crystal were placed in a solution of chloride of calcium it would 
^eld up a portion of the soda only in exchange for lime ; and, 
if placed in a solution of chloride of potassium, the potash is 
exchanged for portions both of the lime and soda. It is verv 
probable that the action of solutions of varying qualities will 
explain the presence of the soda, potash, peroxide of iron, and 
magnesia observable in the recorded analyses. 

Of the many specimens of chabasite none have been more in- 
structive than those which have been found in the vicinitjr of 
certain French warm springs in association with other zeobtes. 
At Plombi^res the springs which supply the baths have been 
built over by the Romans, and conducted along subterranean 
aqueducts to the place where required. The water has a tempe- 
rature of 163° F., a temperature which is believed to have been 
nearly uniform for the last 1800 years at least The brickwork 
and masonry lining the passages, and indeed, wherever the water 
has gained access, is jpermeated with zeolitic minerals, which par- 
tially fill every crevice and cranny, just as is the case with the 
amy^aloids, dolerites, basalts, and other rocks, which are the 
usual matrix for these minerals. It is noticeable Uiat these waters 
flow over or through granite, gravel, &c., but the zeolites are 
developed only in the mortar and bricks. It would seem that the 
materials of the chabasite are not all brought by the springs, but 
that some of them are contained in the water, while the remainder 
occur in the mortar and bricks ; and hence may be explained 
why the zeolites should be developed in some of the rocks and 
not in others. At Luxeuil the springs flow out under similar 
circumstances as those at Plombieres, and here also the Romans 
have guided the waters along aqueducts constructed in the 
midst of solid masonry, composed of bricks, tiles, and fragments 
of sandstone, cemented together by a calcareous cement All 
the parts accessible to the water have undergone more or less 
alteration. The bricks and tiles which were porous have become 
compact owing to the filling up of their cavities with a white 
substance. In this white substance may be recognised minute, 
but beautifully formed twin cxystals of chabasite. These waters 
have a temperature of 116° F., or much lower than those at 
Plombieres. It is clear, then, that chabasite does not necessitate 
excessively high temperatures or high pressures for its formation, 
and from what we have already stated it may be expected that 
there are many springs which Tvill, like those just mentioned, 
give rise to zeolites when thev permeate certain Kinds of rock. 

The rock which contains chabasite more firequentlv than any 
other is basalt, which is, however, generally more or less altered 
and porous. Chabasite is also found in trachyte, phonolites, 
porphyries, lavas, syenite, diorite, mica schist, gneiss, granite, 
and even in limestone, though very rarely. 

(Dana, A System of Mineralogy, 5th Edition ; Eichhom in 
Poggendorf^s Annalen, vol. cv., p. 126 ; Daubree, BiUletin de la 
SocietS GSologiquej Second Series, tome xvi., pp. 662 et sea, ; tome 
xviii., pp. 108 et seq. ; Hunt, T. S., American Journal of Science, 
Second Series, vol. xxxix., pp. 178 et seq,; De la Fosse, Nouveau 
Cours de Mineralogie, tome lii., p. 312.) 
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CHALK F0R31IATI0N [E. C. vol. i. cols. 923-929]. The 
superficial distribution of the several members of the cretaceous 
group in England has been fully delineated in E. C, as also the 
cosmopolitan range of the group as a whole. Recent investiga- 
tions nave shown its extension into other countries than those 
implied in R C. vol. i. coL 928. Not only can it be traced in 
what seems to have formerly been a connected continuity from 
near Dungiven, Londondeny County, in W. longitude 6° 55', 
through England, France, Germany, Austria, Russia, Turkey, 
and to the borders of Asia Minor, as at Lebanon and the banks 
of the Dead Sea, but it extends beyond the border into the 
Caucasus. Following up in the same south-easterly direction 
we come upon other portions of the fi;roup in Eastern Bengal, 
Sumatra, and Borneo, or nearly as lar east as 120° E. long. 
The most northern locality known in Europe is Thistedt in 
Jutland, or 57®, but in going east the northern boundary gradu- 
ally trends towards the soutn, ranging by Qrodno, Moghilev, and 
Simbirsk, in 54° N. lat Nothing is known of the northern 
boundary of this formation east of the Ural mountains ; but we 
may notice that the Asiatic patches carry the curve down to 25° 
in Bengal, and to the equator in Borneo. As illustrations of the 
further extension south, we may advert to the deposits of this 
age in Spain, Morocco, Algeria, Sicily, Greece, Egypt, and the 
Cape of Good Hope. The limits in America have already been 
roughly indicated, sufficiently so to imply that no cretaceous beds 
have yet been discovered in high latitudea Although it is almost 
certain that the detailed examination of this group hroughout 
its whole extent would reveal data necessitating considerable 
alteration in the received classifications of the subordinate 
members, yet for convenience sake we are compelled to use the 
old terms. The grouping adopted by Sir C. Lyell is thus 
tabulated by him : — 

Upper Crbtaceous. 

A. 1. Maestricht beds and Faxoe limestones. 

2. White chalk ^ith flints. 

3. Chalk marl, or grey chalk slightly argillaceous. 

4. Upper greensand, occasionally with oeds of chert and 

with chloritic marl in the upper portion. 

5. Gault, including the Blackdown beds. 

Lower Cretaceous (or Neocomian). 

B. 1. Lower greensand — ^ensand, ironsand, clay, and occa- 

sional beds of limestone (Kentish Rag). 
2. Wealden beds, or Weald clay and Hastings sand. 

This answers very well for the British Isles, but caution is 
rcciuired in extending it to the beds of distant countries. It 
bnngs out the main lithological features of the group in its 
western extension, which is the prevalence of sands in the lower, 
and of calcareous beds in the upper portion, but the sands will 
doubtless be traced into the limestones of other areas^while the 
chidk will be replaced by non-calcareous deposits. The group 
varies from one country to another, by the interpolation or 
withdrawal of beds, as well as by the alteration in the litho- 
logical composition and dimensions of the strata. Judging from 
known facts, it seems that generally the strata are more nume- 
rous and better developed, in Europe, in passing from west to 
east and from north to south ; so that the correct correlation of 
the beds of different countries is an important step towards a 
clear undentanding of these deposits m whole or in part, 
whether vertically or horizontally. Our space will not admit of 
a full discussion of the subject, so that our best course will be to 
select the strata of a few limited areas upon which to make 
observations. 

The first district we propose to dwell on is Antrim and 
Londonderry, as containing the most north-westerly cretaceous 
beds in Europe. Here, as in England, the sands prevail below, 
and the limestones above. Mr. Tate recognises four lithological 
zones. The lowest consists of dark green glauconitic and more 
or less argiUaceouB sand, or the * glauconitic sands.' It has been 
traced over a distance of twenty-four miles, and foimd to pre- 
Ferve similar characters and fossils, and to be uniformly about 
eight feet thick. In the middle portion of this zone is a thin 
band of phof^hatic nodules, to which the fossils are almost 
entirely restricted. The most important species are Exo^a 
conica, var. Icevigata^ Pecten ofincularis, P. thUemvUi, Avxcula 
lineaia^ Ptcien quinquecoztaiuif Area earinata^ BeUmnites uUi^ 
mut, Ammonites varians, Pecten virgatus, Ditrvpa deformisy an 
assemblage which is distinguished as the zone of Exogyra eanica, 
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These sands pass upwards into grey marls in the eastemmpst 
part of the area, but into yellow argillaceous sandstones with chert 
m the westernmost part. These marls and sandstones contaiu 
fossils, which are distinguished as the zone of Ostrea carinatu. 
The species, however, vary with the lithological variation of the 
strata ; thus the yellow sandstones of Colin Glen, &c., are charac- 
terised by Ostrea earinata, Pecten eequicostatuSf P, quadricosiatiuty 
Bhynchonella latissima, and Vermicularia quinguecarinata ; while 
the ai]^pllaceous sandstones of Magee Island abound in Ditrupa 
defomiis, DiscMea svhuculus. Micrahacia coronula, and Vermi- 
cularia quinguecarinata. The upj)er surface of this zone is 
slightly undulated and unconformable to the beds immediately 
resting upon it. The third litholo^cal zone is tliat termed the 
'chlontic sands.' The beds consist of sands with chloritic 
grains and a calcareous paste. The calcareous matter is small in 

rntity in the lower layers increasing towards the top, and 
ost absent in the most western localities increasing towards 
the east The species vary somewhat, according to the litho- 
logical alteration ; and, if we understand aright, constitute two 
zoological zones. The lowermost is that of Jnoceramus Crispin, 
named after the most abundant species, and characterised also 
by Ostrea semiplana, Terebratula obesa^ T. carnea^ Rhynchonella 
rdbustcky R. latissimaf Ostrea canaliculuta^ Pecten quiuquecostutuSy 
Spondylus spinosus, Heteropora cryptopora, Catojnjgus carinatus, 
Serpuia filifarmis, Pleurotomaria perspedivay Cidaris vesiculosa, 
and Epiaster distinctus. This zone prevails in the lower and 
more sandy portions of the cliloritic sands, but is best developed 
in the west of Antrim. The second zoological zone is that of 
Exogyra coluinba, this species being associated with Ciicullda 
fibrosa, Trigonia dcedalea, Pecten cequicostatuSf JValdlieimia hi- 
bemica, Ostrea semiplana. Ammonites lewesiensis, Corax falcatus, 
Otodus apperuiiculcUus, Ptychodus mammillarisy Anatina royana, 
Cardium gibbotum, Inoceramus striatus. The maximum thick- 
ness of the chloritic sand is fifteen feet six inches. The fourth 
litholoc^cal zone is the '' white limestone with flints," which is 
divisible into three, if not four, zoological horizons. The lowest 
beds consist of a chloritic limestone, which, however, first passes 
into a chloritic sandstone, and then thins out towards the west 
Where thinnest it is represented by a band, two or three inches 
thick, of Ananchytes giUnUy associated with a few Ventriculites, 
The sponges, however, belong to a distinct zone from the echi- 
nids termed the * spongarian,' as is shown where these beds are 
more fully developed ; the characteristic species of which zone 
are Camerosponfjia fungiformis, Ventriculites altemanSy V. dc- 
currenSf and EUieridgia mirabilis. Still higher comes the ' wliite 
limestone,' which is an imperfectly bedded compact white lime 
stone, much altered in structure, and with numerous bands of 
shattered flints. This limestone varies in thickness, from about 
100 feet at Whitehead to a few feet in Colin Glen. The variation 
in thickness is partly due to denudation, which has evidently 
been considerable, since the upper surface is eroded, worn into 
holes, and covered with a layer of gravel, composed of chalk flints 
in axi ochreous clay. This gravel, together with the overlying 
bituminous band and sheets of basalt, belong to a post-cretaceous 
period. The species characteristic of the Gmestone are Ammo- 
nites goUevillensiSf Belemnitella mucronata, Turritella unicarinata, 
Cinulia catencUa, Ostrea vesicularis, Pholadomya cordatOy P. 
Steuxirtiy Pecten nitidus, Terebratula camea, Rhynchonella octopli- 
eata, Megerlia lima, Ananchytes ovatus, type and var. pyramidatus, 
Cardicuter ananchytis, Galerites ahbreviatus, Oyphosoma corollare, 
Parasmilia centralis, Onettardia stdlata, Paramoudra Bucklaruii, 
The conclusions to which these facts lead Mr. Tate are, that— 
" (1) The cretaceous rocks of Ireland are referable to two forma- 
tions, the Hibernian greensand and the upper chalk. (2) The 
Hibernian greensand is divisible into well-marked lithological 
and palseontological zones, and is the equivalent in miniature 
of the £tage C<^noinanien of D'Orbigny. (3) The zone of Exogyra 
conica represents the basement beds of the £tage C^nomanien of 
the French geologists, and is approximately equivalent to the 



greensand of Blackdown. (4) The zone of Ostrea carinata 
represents most certainly a portion of the upper greensand of 
England and the lower C^nomanien of Nomondy. (5) The 
chloritic sands and sandstones have, on the whole, a fauna pos- 
sessing an upper greensand facies, manv species, however, point- 
ing to higher zones. It is verv probable tnat the chloritic sands 
of Woodoum (the *zone of inoceramus Crispi^l) ) may be in- 
ferior to the chloritic sandstones of Colin Glen, the 'zone of 
Exogyra columbaJ These two zones, however, never come into 
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limestone certainly represents the upper chalk of Norwich and 
the * cniic de Meudon/ and some of its fossils point even to a 
higher parallel, that of the Maestricht chalk." 

As it will facilitate comparison with the beds of other coun- 
tries, we append the following table, which represents a list of 
aU tne Irish cretaceous fossils known in 1864. It is the same as 
that ^ven by Mr. Tate, but somewhat differently arranged. 
The smiple occurrence of the species is indicated by a star; 
v. c. means that it is very common ; c. that it is common ; r. 
rare ; and v. r. very rare. 



Protozoa. 
Bhizopoda. 

Orbitolina concaTa . 
Spongid®. 

Brachiolites protensus . 

Ventriculites decurrens 

y. tessellatus 

y. Murchisonl . 

Cephalites fiennettisD . 

Gameros^ngia fungiformis 

Etheridgia mirabilia 

Cosdnopora infundibuliformis 

Cceloptychium furcatum 

Goeloscyphia sulcata . 

Hippalimus .... 

Amorphospongia perreticulatum 

yentneuhtes altemans . 

y. radiatus 

Amorphospongia globulaiis . 

Cliona cretacea . 

Guettardia stellata 

Coeloptychium belfastlense 

CoBloscyphia paramoudra 

Siphoniasp. . . • 

S. cenricomis . . 

Amorphospongia ramosa . 

Talpina dendnna . 
CcBlenteirata. 
Actinozoa. 

Micrabacia coronula . 

Stelloria sulcata . 

Synastrea superpoeita 

Coelosmilia laxa . 

Cyathina Itengata . 

Parasmilia centralis 
Hydrozoa. None. 
Annulosa. 
Echinodermata. 

Diflcoidea subuculus . 

Epiaster distinctus 

Cidaris vesiculosa 

C. Sorigneti .... 

Cyphosoma cenomanense . 

Ecninoconus subrotundus 

Discoidea oylindrica ? 

Epiaster crassissimus . 

Catopygus columbarius 

Goniastersp. 

Bourgueticrinus ellipticus 

Eohinoconus conicus, var tumidior 

Echinocorys gibbus . 

Echinoconus conicus (type) . 

Echinocorys vulgaris (type) 

Cidaris sp 

Cyphosoma coroUare . 

Ecninoconus abbreviatus 

Cardiaster ananchytis 

Micraster cor anguinum 

Holaster pilula . 

H. Sandoz .... 

Echinocorys sulcatus 

E. vulgaris, var. pyramidata. 

Salenia Portlocki 
Annelida. 

Serpula antiquata 

Vermicularia quinquecarinata 

Bitruna deformis . 

Vermuia ampullacea . . 

Vermicularia concava . 

Serpula filifomiis . • 

8. plexus .... 

S. Iffivis .... 

8. vibicata ? 

Bltrupa cretacea . • 

Serpula planus . . • 
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Crustacea. 

Scalpellum trilineatum ? 

Pollicipes glaber . 

Callianassa sp. . 

Loricula MoAdami • 

Scalpellum maximum 
Mollusca. 
Polyzoa. 

Desmeopora eylindrica . 

D. aeuleata 

Betepora clathrata 

Pustulipora pustulosa 

Proboscina ramosa • 

Diastopora oceani 

D. tubulosa . 
Zonopora variabilis . 
Het^pora cryptopora . 
Betepora ramosa 
Semieschara Normaniana 
Holostoma contingens 
Membranipora parisiensis 

Brachiopoda- 
Terebratula squamosa 
BhYnchonellA plicatilii . 
B.iati88ima 
B. 1. var. 

B. limbata var. robusta 
Terebratula biplieata . 
Waldheimia hioemica 
Terebratulina striata • 
Terebratula camea . 
T. obesa 

Crania Ignaburgensis 
Terebratulina Defmncea 
Terebratula aemiglobosa 
T. abrupta . 
Megerlialima . 

Bhynohonella limbata, var. lentiformis 
B. plicatilis • • 

B. octoplicata . 
Lamellibranchiata. 

Exogyra conica var. Isvigata 
Pecten glauooneui 
P. sp. . . . 
P. cometa . 
P. virgatus . 
Plicatula deltoidea 
Avioula sublinenta 
CuouUea carrnata 

C. two sp. 
Lucina orbicularis 
Venus caperata ? . 
Thetis major 
Myadtes LBTiusoula 
M. mandihiila . 
Trigoniasp. . • 
Ostrea cannata . 
Exogyra conica, var. plicata 
£. naliotoidea . 
Pecten orbioularis . 
P. asper . 
P. Dutemplei 
P. quinquecostatus 
P. sequicostatus . 
Ostrea canaliculata 
Pecten quadiioostatus 
Ostrea sp. . 

0. semiplana 
Exogyra columba 

E. laciniata . 
Lima semiomata 
L. simplex . 
Spondylus stziatns 
InoceramuB Crispi 

1. striatus . 
Pinna subtetragona 
M3rtilus subfalcatus 
CucullsBa ligeriensis 
Area sp. . 
Cardium gibbosum 
Cardita dubia . 
Cytherssa, 2 sp. . 
Cercomya royana 
Trigonia crenulata 
T. cuedalea 
Trigonia, 2 sp. 
Spondylus spinosus 
Venus subpanra , 
Ostrea vesicularis 
Peoten sezcoBtatus 
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Pecten nitidus . 

Lima ele^ans 

L. flo^en . • 

L. Bemisuloata 

Area albaeretsB . 

Chama inflBquirostrata . 

AjBtarte lenncularU . 

Isocardia oretacea . 

Cvprieardia trapezoidalis 

Pnoladomya oordata 

P. obliquissima . 

P. Stewarti . 

Gorrillia angusta 
Gasteropoda. 

Littorina subrotunda . 

Solarium omatum (?) 

Pleurotomaria Mailleana 

P. perspectiva . 

Cintilia avellana . 

FusuB roytmoB . 

Rostellana sp. 

Turritella uxdcarinata 

Scalaria albacretie 

TrochuB cimiB . 

T. Baateroti . 

T. Bp. ... 

T. regalia 

Turbo Zekeli 

Pleurotomaiia Thomsoni 

P. disticha (?) . 

P. ap 

Calyptnea Ghrayana . 

Patella orbia . 

Cinnlia catenata 

Emarginula cancellata . 

Pyrula rapulum 

DentaliumplaniooBtatum 
Heteropoda. None. 
Pteropoda. None. 
Cephalopoda. 

Ammonitefl rariana . 

BelemnitOB ultimus 

Ammonites lewesiensis 

Nautilus Deslongchampsianus 

Belemnitella mucronata . 

Ammonites goUerellcnsis 

A. occlusus 
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A. Portlodd . 
A Jukesi • 

A. Oriffithsi . 
A Oldhami 
Bcaphites ele^ans . 
Heucoceras hibemicuni 
Hamites Carolinus 
Nautilus IflBTigatus . 
N. radiatos . 
Baoulites ancepa 

B. Faujasi . 
B. obliquatuB • 

Yertebrata. 
Pisces. 

OtoduB appondiculatus . 

Lamna acuminata 

Gyrodus cretaceus 

Ptychodus mamillaris 

P. polygyrus 

Corax ^Icatus . 

Notidanus microdon 

Beryx sp. . 

Oxyrhina Mantelli 
Beptilia. 

Plesiosanrus 
Ares. None. 
Mammalia. None. 
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Nearly in the same latitude as the Irish beds, but about 6"" 
iiEirther east, we meet with the most northern of the English 
deposits of this age. The ran^e of hills forming the Yorkshiro 
wolds projects seaward, as Flamborough Head; north of this 
projection is a bay, which finds its connterpart depression in a 
long inland valley; the north side of the bay is bounded by 
Filey Point, which is the continuation of a range of hills of less 
elevation tnan, but nearly parallel to, that of the Yorkshire 
wolds. This configuration or the coast and country is correlated 
with the nature ot the deposits. The high hills and the bold 
cliff range of Flamborough aie moulded out of hard chalk ; the 



depression consistB of the Speeton clays; while the horizontal 
and vertical prominences which bound these on the north, mark 
the site of tne hard coral rag. Topograph icallv, the Speeton 
clays intervene between deposits of middle oolitic and iipper 
cretaceous ages, and consideiiug the general arrangement of the 
English strata east and south of the wateivshed, it might be 
expected that the Speeton clays would be intermediate in age 
between the coral rag and white chidk. This is the case, as ymi 
be shown presently. The Speeton clays were once assigned 
wholly to the Kimmeridge clay, but Phillips first directed atten- 
tion to the widely distinct ages of the upper and lower portions, 
assigning the latter to the Kimmeridge clay, and the former to 
the Gault Agassiz, Homer, Godwin-Austen, Forbes, Fitton, and 
D'Orbimy paralleled them with the Neocomian beds of the conti- 
nent. Leckenby recognised the upper portion only as of 
Neocomian age, an opinion which has recently been supported 
by Judd, who further correlates the lower portion Mntn the 
uppermost marine beds of the oolitic series. This conclusion 
is especially noteworthy, for if true, it indicates that the Port- 
land sands and stones of the south of England are represented bj 
the Speeton clavs (in part) of Yorksnire, and that in this 
district clays only were deposited in the interval between the 
coral rag and the chalk. Tiie uniformity of lithological compo- 
sition had misled previous observers into supposing that the 
beds were deposited in continuous succession; but careful 
research has shown that the lower portion is separated from the 
upper by a well-marked palajontological break, which is assod- 
ated with a layer of phosphatic nodules. This layer is considered 
by Messrs. Leckenby and Judd to mark the junction of the Neo- 
comian and oolitic beds. Disregarding the lower beds, and 
taking this as a datum line, we will indicate the succession of 
the cretaceous strata from below upwards. At the base there is 
from 60 to 100 feet of a dark-coloured shaley clay, so highly im- 
pregnated with iron-pyrites, that the exposed surfaces are usually 
covered with a yellowish-white efflorescence of sulphate of iron. 
This forms the zone of Ammonite asterianus, the organic 
contents of which will be seen from the subjoined table. 
Above this comes about 50 feet of dark blue clays, forming the 
zone of Ammonites noricus. This is followed by about 100 feet 
of similar clays, or the zone of Amjnonites speeUmensis, The 
three zones above mentioned are grouped together as the ' Lower 
Neocomian.' The * Middle Neocomian ' consists of about 150 
feet of dark blue clays. At the base is a band containing nume- 
rous septaria, which is designated the 'Ancyloceras bed.' 
Higher up are several layers of dark brown nodules, many of 
which contain some orgamc fragment as a nucleus. Thus, in one 
seam almost every nodule contains a more or less perfect 
specimen of Meyeri^ omata. Towards the summit the septaria 
become far leps abundant. This division is probably equivalent 
to the Tealby series, and possibly also to the beds above and 
below them. The lithological change is considerable. The 
lowermost 30 or 40 feet, in Lincolnshire, is an arenaceous mass 
which varies from sand to compact sandstone, of numerous 
shades of colour, from white to dark brown. The thickness of 
the sands and sandstones increases towards the south. The 
Tealby series consists of alternations of sandy clays and sandy 
limestones, and have a thickness of from 40 to 50 feet. This is 
capped by about 20 feet of non fossiliferous ferruginous sands. 
The upper Neocomian beds of Speeton commence with a light 
blue clay, abounding in large septaria composed of arc;illaceous 
limestone, and crowded with fossils. It is locally well known 
as the * Cement bed.' Above it are dark blue clays, about 50 
feet thick, which contain a few scattered septaria, and a few 
fosaiJs. The highest beds are black clays, with beautifully 
crystallised noilules of iron-pyrites, but almost destitute of 
organic remains. Above this follow — (1) the Hunstanton lime- 
stone; (2) cludk, with coloured bands; and (3) white chalk. 
This senes dips at a much slighter angle than tne Neocomian, 
so that the Hunstanton limestone is decidedly unconformable to 
the underlying strata. This unconformability is also displaved 
fiirther south in Lincolnshire, and is brought forward by Mr. 
Judd as antagonistic to the view that any part of the Speeton 
clays can be assigned to the Gault, inasmuch as this seems to be 
represented by the Hunstanton limestone. This limestone 
decreases in thickness in its southern extension, and has been 
traced, more or less continuously, from Yorkshire to the cliffs at 
Hunstanton, where it forms a conspicuous feature. At the last 
mentioned locality the lowest bed exposed is a clay surmounted 
by a layer of nodules, from which have been obtained the 
species in the column of the subjoined table, headed * Hunstanton 
carstone.' Above it succeeds a coarse sandy deposit full of small 
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eabonguliir and poliahcd pebbles, well known, in the district an 
the ' carstone.' Its thickiiesB ia above 30 feet. The ' red chalk ' 
overlies thia, and presentapeculiarities which have thua been 
described by the Rev. P. mltshire. The lowest portion of the 
overlying ciialk is indicated by b., and the underlying ' carstone ' 
bv X, Y. " Lithologically, it is unlike the beds above it, from 
the fact of its abounding in great numbeis of rolled and aub- 
angulor pebbles of quartz, akte, Ac, which, for the most part, 
are of small size, and insignificant, though occasionally asauming 
large dimenBions. In appearance it is divisible into three almost 
equal portions, of which the first (A) has, towards its base, a 
large quantity of fr^^Eonts of Inocerami, the second and thickeat 
diviaion (B) is rich in BeUnmita, and the third and lowest (C) 
yields many Terebratuia. The bands A and B are exceedingly 
hard and stony, and sufficientlv tabular in character to have 
ofiered a plane of resistance to former upheaving forcen, and to 
have afforded great support to the overlying white beds; thus, 
although the whole cliff was evidently, in ancient geological 
limes, much disturbed, the perpendicular fissures which rise out 
of the yellow l>ands (S, Y), just before reaching the Uyer B, 
affect the red heda to the right and left of the points of appUca- 
tion, and then start upwaida through the white atratum m new 

KsitiouB, aud in greater number. The colouring matter in A is 
a equally distiibuted than in B and C, and seems to have been 
accumulated around irregular masses; in B the tint is of a 
lighter abode, and in of a darker shade than in the highest 
division. The middle bed (B) is in snbatance the hardest and 
most homogeneous of the three ; the iBst(C) is the least compact. 
Viewed in the cUff, it wears a mottled aspect, B a nodular facies, 
and C a plane surface. Towards the base of the bottom bed C, 
the hard limestone character of the red chalk is lost, and the 
atratum degenerates into a somewhat sandy incoherent mass, 
hoirily differing from the underlying yellow division, except in 
colour. On account of the less compact nature of the last of 
the three beds, fossils are more easily procured from it, have 
their surfaces in better condition, and are more readily seen 
when of small size. Besting on the top of A, and filling the 
undulations on the underside of the lowest white bed (ft), ia a 
bright red argillaceous substance, very friable, without sand, 
apparently destitute of oream'c remains, and never exceeding 
two or three inches. The fossils in the three red beds are for 
the moat part similar, and suggest the inference that all thiee 
bonds may be considered as forming a single division, and com- 

Cing one geological stratum. In the case where certain fossils 
e been seen only in the lowest part, their absence elsewhere 
may be accounted for on the ground that the upper bed (A) is 
less numerically abundant in oiKanic remains than are those 
below, and that the middle bed (B) is so exceedingly hard and 
compact as to diminish the chance of discovering fossils. Avicala 
grypluxoidft and Hpongiafaradoziea, would seem, however, to be 

¥iecial to the upper part of it, the highest of the three red beds. 
he dip of these beds in the cliff is about 2' to the north; 
Bcctions inland taken at right angles give the same number of 
degrees to the east." The fornix of this remarkable stratum are 
entered in the subsequent table under the heading of Hunstanton 
Red Chalk. This table is based upon those given in the under 
cited papers by Judd and Wiltshire. We have altered the arrange- 
ments so as to facilitate the comparison of the faunas of the various 
beds with each other, as well as with tliose of the Irish deposits 
already given ; but we retain the names as given by each author : — 
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EeMnodermata. 

Toxultir compbulstu) 

Fentifiinui hi. 

P. .p. ... 

F. uif^olatua . 

Ciduu ap. . 

CgauIttelS . 

C. ap 

Piaudodiadenul B™ngiii«rti 

P. omstum 

Sftlenin WiltAhirei 

Holaiter (uborbicularii . 

Boiirpjetocrimii nigoans 

Torynocriniu eHnon . 

Pentacrinui iltloni 
Annelida, 

Serpula srticuUta . 

8. Kutrachmnoidei 

S.BliformLs . 
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rollidpw unguis . 
Uolliuca. 

wrenicea repilaris . 

Bepbmiulticava mamilla 
Pioboscina dilatila 
Stomatopen lougiieuta 
Bncbinpoda 
Teitbiatula depreiu. (0 
BhynchnnelU ■ulcita . 
Waldheimia celtica 
TerebiHtuU wUa 
T. hippopni . 
T. faba 
T. bipUesta . 
BhynchonelU 
B. Kibbtiana 



peatigoosliB 
Bhyuclionella lineolstl 
B. ap 



Lingula tmacatA . 
Teiebratula Mpillata , 
T. aemiglolKiu 
TeipbratuUiui gracilis 
Kineena lima 
lAmellibnuichiHta. 
EiDgyra Couloni 
'£, C. rai. donata . 
E. C. vaj. blcifamua 
E. C. vai. aquilioa 
Teredo ap. . 
Oitrea ip. 
FhoUa ooDitricla 
Aitaite latioosta 
Thraoia PhilliptU 
PhoUdomji ip. 
Eiogyra aubplicita 
Fecten cmctua 

KuculB lubn 
N. obtius . 
J.ncioa leulpta 
Lima ap. 
EiogjTB tinual 
gala . . 
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Ischiodon sp 


— 


— 


— 


— 


— 


— 


— r- 


ATicula gryphiBoides . . 


— 


— 


— 


— 




— 


— 


c. 


Otodus appendiculatus 


— 


— 


— - 


— 


— 


— 


— T. C. 


Inoceramus Crispi 
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^— 


— 


— 




— 


— 


c. 


Beptilia. 
Ichthyosaurus sp. . . . 


















I. tenuis . . . • 


— 


— 


— 


— 


— 


— 
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Ostrea Normaniana . 


— 


— 


— 


— 


— 


— 


_^ 


c. 


Plesiosaurus sp. . 


— 


— 


— 


— 
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0. Tcsicularis . • . 


_- 


— 


— 


— 




— 


— 


c. 


Teleosaurus sp. . . . 
Plesiosaurus latispinus (?) . 


— 


— 


— 




— 
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Spondylus striatus 


— 


^— 


— 


— 




— 


— 


c. 


— — — 


— 




— 
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(Gasteropoda. 
Dentalium IsTigatum . . 
Trochus sp. ... 


— 


— 


r. 
r. 
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We shall oflfer no remarks upon this table beyond refer 


ring to 


Cerithium aculeatum • . 


— 


— 


r. 












the marked dissimilarity of the fauna of the red chalk from 


C. Phillipsu (?) . . . 


— 


^~ 
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r. 










those of the older strata, there being only 5 out of 60 species in 


C. sp 
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r. 
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common. The table is full, but by no means complete, and is 
intended to indicate roughly what is known of the distribution 


Trochus sp. • 
Pleurotomaria sp. . . . 
Solarium omatum (?) ^ . 
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of the species in the lower cretaceous beds of the east of England. 
The 'Carstone' is helieved to be the representative of the 


Emarginula neocomiensis . 


.. 
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— 
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T. r. 






Ceritmum Clementinum, 


















lower greensand, as developed in the south of England— a 


Tar 
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^^ 
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stratum which is remarkable for its varied alterations in litho- 


Tumtella IsTigata . 
Solarium tabulatum . . 
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^imm 


^^^^ 
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logical character, in passingfrom district to district Although 
almost unfossiliferous at Hunstanton, it abounds in organic 


Delpbinula ^?) sp. 
Dentalium ellipUcum (?) . 
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remains in places further southwards. At Ely it is known as 


Auricula obsoleta . . . 


— 





— 


— 


— 


c. 






the Shanklin sands, and consists of a conglomerate of small 


Trochus (?) pulcherrimus . 

m 1 ▲. . . 


— 


^■~ 


^— 




— — 


c. 






rounded pebbles in tlie lower portion, and of brown sands alter- 


T. granulatus . . 

Bostellaria Parkinsoni 

R. bicarinata . • • . 


— 


— 


— 


— 


— 


T. C. 
V. c. 
T. C. 






nating with layers of clay, with phosphatic nodules in the 
upper. At Upware and Potton it also consists of sands, alter- 


Dentalium sp. . 


—— 


— 


— 


— 


— 
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nating with oeds containing phosphatic nodules ; but at these 


Pleurotomaria gigantea . . 


— 


— 


— 


— 


— 


— 


• 




localities numerous fossils, chiefly brachiopoda, have been col- 
lected. The discovery of fossils is much facilitated by tlic 


p. sp. ..... 
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^■^ 
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— — 


^— 


*— 
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r. 


Centhium mosense . . 
Cephalopoda. 
Ammonites multiplioatus, 
Tar. ? hystrix . 
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extensive diggings which are made for the nodules at the places 
named, as also at and near Sandy in Bedfordshire. Near Hart- 
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well in Buckinghamshire these sands still possess a coarse, highly 


A moltipUcatus • . . 


r. 
















femiginous, pebbly character; 
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more or less rounded, and consist of various substances, such as 
quartz, quartzite, Lydian stone, &c. No phosphatic nodules have 
been noticed, but there are casts of the shells of several species of 
molluscs, such as Lima undata, Pecten distriatus, P. GottcMinus (?), 
Exogyi'a mitiataf Rhynchanella antidichotoma, Photos comtielliana, 
&c. The cretaceous beds beneath the gault of the southern 
counties of England expand in thickness from west to east, and 
from north to south ; in these directions also they pass from a 
prevalent arenaceous character to beds of a more varied description, 
owing to the accession of clays, and in places calcareous matter. 
The increase in thickness from about 40 feet near Lyme Regis, to 
upwards of 400 feet at Folkestone, does not arise so much from the 
interpolation of fresh beds as from the appearance of lower and 
distinct strata. The beds at Lyme Regis are probabljr the 
representatives of the green sand at Blackdown and Warminster, 
the sponge gravels at Farringdon, the pebble beds and cars tone 
at Godalming, and the Folkestone beds at Folkestone, where the 
thickness is 70 feet. At Folkestone the lowest beds consist of 
the Atherfield clay, which has been traced west as far as Guild- 
ford and Atherfield, preserving nearly the same thickness and 
composition everywhere. The Hythe beds consist of compact 
limestone and sandstone in the east, but towards the west, as at 
Guildford, Godalming, and the Isle of Wight, it is almost a 
sand. Above these, and immediately beneath the Folkestone 
beds, are the Sandgate beds, which form a mass of dark coloured 
argillaceous sands, which lose a larce portion of the clayey 
ingredient towards the west. These lower greensand strata are 
best displayed in England in their most southern locality, 
viz., the Isle of Wignt; and we incorporate the following 
descriptions and lists of fossils, from the * Memoir of the Geo- 
logical Survey ' on the Isle of Wight, for comparison with the 
Yorkshire deposits. The species occurring in the other cre- 
taceous beds are also given ; and other columns are devoted to 
those found in the Farringdon gravels, and in the cretaceous 
beds ot the south-west of France. The series of strata is dis- 
tinguished into 16 groups, whose aggregate thickness is upwards 
of 800 feet. (1) Tne lowest, or Perna beds, rise from the base 
of the cliff (near Atherfield Point), a short distance east of a point 
situated below the signal staff of the coastguard station, and form a 
ledge out at sea, called * the bench,' which is visible at low water, 
and known to extend to a distance of several miles from the shore. 
These beds consist of a dark blue sandy clay and greenish sand, 
much harder in the upper than in the lower part, and characterised 
by abundance of Perna MuUetij a fossil not occurring in any other 
part of the formation. Numerous remains of Exoayra dnuata 
are also found in this bed of large size, together with remains of 
fish belonging to the genera Lamna, Odontasjns, Sauroc^halus, 
Hypsodon, HyhoduSy &c. (2) The Atherfield clay is of a drab 
colour, passing into bluish grey, and contains fiat nodular masses. 
AmnwniteSf Pinna Eobinaldinaf and turtle remains have 
been obtained from these nodules. (3) The Crackers. This 
group is especially remarkable for the great variety of its 
foBsils. It consists of alternations of sandy clays and cla}^, 
and two layers of ferruginous sandy nodules, which have been 
called the "crackers" from the noise produced by the waves in 
dashing over the ledges formed by them on the shore. The 
lower part of this group is a brown clay and sand about 25 feet 
thick, and contains (amongst other fossils) calcareous deposits of 
Ammonites, and astacoid remains, the occurrence of which has 
caused it to be called by the collectors * the lower lobster bed.' 
The succeeding beds are sands, containing concretionary masses 
of sandstone, and are about 20 feet thick, abounding m fossils 
throughout, amongst which Ptniia, Thetis , Ammonites Des- 
hayesiif and in the lower part Myacites plicata in an upright 
position, are the most plentiful. In the lower sandstone, Irom a 
foot to eighteen inches in thickness is almost entii-ely made up 
of Gervillia amculoideSy Trigonia dcedaleaj Ammonites Des- 
hayesiiy &c., while the upper layer of sandstone situated about a 
foot from the top of the sand, is composed of a coarse sandy 
limestone or grit, enclosing fossilized coniferous wood containing 
the remains of Teredo, The beds forming the remainder of this 
group are, in the lower part, a brown clay with astacoid fragments, 
16 or 17 feet thick, and sandy clays for the rest of the distance, 
23 or 24 feet. They contain fossUs throughout (4) A bed of 
brown or ferruginous colom-ed sand, 20 feet thick, forms the base 
of the 'lower Exogyra group,' and is overlain by two feet of 
sand containing Perna alcefomiisy but chiefly remarkable for the 
great abundance of Terebratula sella, which, though occurring in 
several of the beds higher up, is nowhere so plentiful as here. 
The bed with Exogyra simuitay which comes to the shore under 
Atherfield High Clift', is the next in succession. Where it comes 



to the baae of the cliff it is about two feet thick — the lower 8 
or 10 feet consisting of brown sand and sandstone with oolitic 
grains of iron ore. Pinna Rohinaldina is often to be met 
with in the coarse sand at the bottom, while Exogyra sinuata, 
which is sometimes of very large size, chiefly abounds in the 
upper two feet. (5) The * Scaphites group may be divided 
into three beds, the lowest of wliich is a brown and ferruginous 
coloured sand, 20 feet thick, containing large Exogyra sinuata, 
Terebratula sella, Rhyncho^iella Gibbstana, and other fossils. 
The nodules containing Scaphites gigas and S. Hillsii, form 
layers about two feet in thickness, ana are succeeded in ascending 
order by 27 feet of greenish sand with fine specimens of Exogyra 
sinuata in the upper part. (6) The * lower Grioceras beds.' 
The lower layer rests upon the last-mentioned bed, and the 
remaining portion of tliis group of sti-ata consists of three other 
layers containing Grioceras, imbedded in sand, the lowest of 
which, fumisliing the best specimens of that fossil, crosses the 
bottom of Whale Chine. (7; The ' Walpen and Ladder Sands 
and clays ' extend on the shore from about 30 yaixis east of 
Walpen Chine to about halfway between Ladder and Whale 
Chines, in the latter of which they are well seen ; the lower 27 
feet being a greenish sandy clay, with nodules containing 
Ammonites Martini and a large Gryphoea, and the upper part, 
about 33 feet, which is clayey below and sandy above, containing 
Dentalivmi, Myacites mundibula, Pinna Robinaldina, &c ^8) 
The ' Upper Grioceras group ' is seen for some distance along tne 
shore east of Walpen Chine. It consists of sandy nodules 
imbedded in sand, and containing Grioceras Bowerbanhii, Am- 
monites Martini, Gervillia solenoides, Terebratula sella, and other 
fossils. (9) The ' Walpen and Ladder Sands' consist of greejiish 
and grey sand, 42 feet thick, with a layer of large nodules at the 
base containing numerous fossils ; about 6 feet above which is 
a bed of variable thickness, composed principally of Serpulas 
associated with Terebratula sella and other ijhells. (10) The 

* Second GrypTiwa group.' In the lower 12 feet of sandjs and 
clays, some of which are ferruginous and oolitic, similar to those 
already noticed as forming the upper part of group 4, there are 
three or four ranges of Exogyra stnuata. That shell also occurs 
in the greenish sand forming the upper portion of this group, 
which marks the limits of its ran^je in an upward direction. 
Small fragments of vegetable remams (Lonchopteris Mant^llii) 
occur not only in these beds, but nearly throughout the whole 
formation. In the lowest part of this group they are associated 
with Inoctramus. (11) The * Cliff-end Sands,' about 20 feet in 
thickness, consist of sands with a subordinate bed of fossiUferous 
clay with Trigonia, &c, in the lower part, and in the upper part 
of dark bluish clay and green sand, with pyritiferous concretions, 
some of which resemble the- stems of mants. (12) 'Foliated 
Clay and Sand.' This division consists of 25 feet of alternations 
of dark blue clay and greenish sand, containing concretions of 
pyrites and large irregular masses of coarse sandstone. They 
are displayed in the cliffs between Walpen and Blackgang 
Chines, which between those two points are formed of nard 
greyish green sands, with three bands of ferruginous grit contain- 
ing Siphonia like tubes, which on exposure to the air and action 
of the sea, assume a hollow, cavernous appearance from the 
wearing away of the softer portions. (13) * Sands of Walpen 
and Black^ang Undercliff.' The commencement of this group 
is marked by a bed of loose white sand with thin laminae of 
clay, about 8 feet 6 inches thick, which extends in the cliff as far 
as Walpen High Cliff, where it crops out at the surface of the 
ground. The remainder of the group consists of greenish and 
brown sand, 70 feet thick, succeeded oy 7 feet of coarse ferru- 
ginous sand, with rounded grains of iron ore in the lower half 
of the bed, and by 12 feet of alternating sand and clay. (14) 

* The ferruginous bands of Blackgang Chine ' rise from the shore 
between Rocken End and Blackgang Chine ; and form the 
UDpeiTuost fossiliferous group of the lower greensand formation., 
Tliey are composed of brown and yellow sands, with layers of fer- 
ruginous concretions, and in the upper part of a bed of ferruginous 
sandstone, 5 feet thick, making about 20 feet for the thickness of 
the entire group, which is more or less fossiliferous throughout. 
(15) The * Upper Clays and Sand-rock' consist of 40 feet of dark 
grey clay, witn pyrites, separated by 18 feet of white and fawn 
coloured sand from a mass of clay and sand 60 feet thick. The 
sand rises from the base of the cliff about 200 yards west of 
Rocken End, near which it has been worked for glass-house 
purposes. (16) Various sands and clays constitue the remainder 
of the section, about haK-way up in which is a bed of hard white 
sand, probably the same bed as that which appears at the 
base of the cliff on the shore at Rocken End. It there 
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conaiatfl of 8 or 1(* teet of hard white Band, with carboa- 
nceoua and ft;rniginoua lines and haider. irrugular ferru- 
ginoiia conoretionaiT maaBea or bodies, TW bod is at the 
top of the purely sandy deposits, and must constitute nearly 
the uppermost bed of the lower ^reensand forioatioii. It 
appears on the fac« of the cliff, rising at an angle of from 
^ to 3° nearly as far as the top of Bkckgang Chine, with bine 
clayey beds obove. These clayey beds represent the gault. 
Near the junction of the greeusond with the gault thei« is a 
layer of iron sandstone and a number of pyrltL^d fossils and 
phosphatic nodules. The inter})retation of this phenomenon pi«- 
sentcd in this section is given in a paper by Captain Ibbetson 
and Professor E. Forbes (' Quar, Jour. Geol, Soc'^voL i.) to the 
following effect :— It appears that " at the close of the Wealden 
there was a sudden depression of the bed of the great fresh -water 
estuary and an influx of the sea. The first effect of such an 
influx would be the destruction of the animals in the estuary not 
adapted for living in salt wat«r ; hence we find a total destruction 
of the Weoldeii animals, the remains of which accumulate 
towanls the junction of that formation with the lower green- 
sniid— a fact which indicates the nature of the change. Even 
the CeHlKiam, although belonging to a genua, many spccii.-s 
of which are capible of living in the dc]>tb3 of the sea, was 
destroyed, notwltli standing that its appearance only in the 
uppermost beds of the Wealdon indicates that its presence thcru 
was due to the commencement uf the very state of things which 
eventually destroyed it. That the depression was of some 
extent, though not, perhaps, of many fathoms, is indicated bv 
tlic nature of the animals which lived in the first formed sea-bed, 
and which, when they died, were often embeddcil, in tha fine and 
probably fast depositme mud, in the vertical position in which it 
IS tlie habit of sucli anmials as Pinna and Panopwa to assume 
when alive. After this a temporary change followed, when an 
influx of sand mingling with the calcareous mud, caused a state of 
sea-bottom peculiarly favourable to the presence of animal life. 
In this way were called into existence a multitude of species, 
which were added to those which had appeared before these. 
This was. In fact, such a stale of sea-bottom as is now presented 
by great shell buiks ; but it does not seem t« liave lasted long, 
and new depositions of mud appear to have extinguished some 
forms, whilst others suffercu by the change only in the diminu- 
tion of their numbers. In the midst of this muddy epoch, a 
temporary ond peculiar condition of sea-bottom, forming what 
are colled the ' crackers,' called forth the presence of numerous 
moUusca, at first of various species of the genus GerviUia, and 
of Cerithiunt, Denlalium, and other univalves, which appear to 
have enjoyed but a brief existence (as species) in this locality, 
since similar conditions were never afterwards repeated. The 
greater number of the gastenip}doAiB moUusca of^the Enslish 
lower greensand are found within this range. At the close of the 
deposition of this great mass of clay there was for a time a great 
multiplication of mdividuals of certain brochiopod^ which had 
commence*! their existence in the lower beds. Thus Bhyn^hanella 
GUAuii suddenly appears in immense abundance, covering the 
bottom of the sea, and predominating over tha animals among 
which it had previously been bnt thinly scattered. Thb lowest 
zone of TerArattiia murks the commencement of a new state of 
sea-botlom where aonds predominated over tlie clays, each 
interval of deposition being usually marked by the presence of 
a layer of Exogyra tiaiuita, the period of rest being almost 
always sufficient to enable the Exogyra to attain its full growth. 
Other bivalves are found with it, but in comparatively fonnil 
numbers, and not sudi as are of gregarious habits. During the 
whole of this period enormous CepiaUrpoda, including species 
of OrioetTCM and ScavhiUi, frequented these seas, and when 
dead formed the nucleus round which calcareous and sandy 
matter collected and formed nodules. The death of these 
animals seems to have been connected with the periodical 
charging of the sea with sediment ; hence we find them usually 
alternating with the zones of Erogyra, and forming irresulor 
bonds in the intervening sedimentary deposits. In the midst of 
the period of Exoyyra there is a sudden re-appearonce of the 
muddy deposits, during the predominance of which those 
animals adapted for such a aea-lM>ttom, and which had survived 
the cessation of the deposition of the fuller's earth again multi- 
plied, but the species which had become extinguished were not 
replaced by representative forms. This, however, did not lost 
long, the sand again predominating with its zones of Exogyra and 
lines of CVioctriM nodules. A temporarv multiplication of Tertlyra- 
tula ttlla suddenly marks a change in the zoological conditions, for 
the Ctjihaiafoda disappear, although the zones of Exogyra, which 



animal does not appear to have been affected by the change 
(probably a change in the depth of the sea), go on as before ; 
there being, however, no alternating lines of nodules. It would 
seem that the sea began to shallow, probably from elevation of 
the sea-bottom, until at last the Exogyra itself disappears, the 
bands exhibit traces of the influence of currents, and become 
more gravelly ; lignites, indicating a shallow sea, become com- 
mon, form belts in the ferruginous sand, and in one place a bed 
in the wavy blue sand, at a time when much iron was deposited. 
The deposition of the peroxide of iron appears to have been con- 
nected with the disappearance of the majority of moUusca, though 
TrigMia, Thetis, and Venni occaaionaJly occur in considerable 
numbera In the uppermost strata scarcely any animal remains 
are found, and everything appears to indicate a barren and 
shallow sea, previous to a new state of things when a fresh series 
of clays (forming the gault) being deposited, the majority of the 
animal forms wnich characterise the days of the lower green- 
sand disappear, and are replaced by distinct species, representative 
in time.'' The gault of the Isle of Wight, then, strongljr re- 
sembles the red chalk of Hunstanton in overlying a series of 
sterile sands, and in the marked difference of its fossils from 
tlie underlying foasiliferous strata. The remarkable fluctuations 
in the appearance and disappearance of the species pointed out 
in the quotation appears to be due to the migrations of fiiunas 
to locahties newly adapted for them, but there is no proof that 
their appearance and disapj^arance is owing to their extinction 
and cri'Ation, au idea wliidn pervades the quototion. It is one 
of the most ililiicult tosks in paleontology, a task which will tax 
the efforts of many generations of students, to determine the 
approximate periods when each species came into, and disap- 
appeared from existence. The following table represents the 
faunas of the Isle of Wight and south-west of France. The 
French species are stated on the authority of Coquand. The 
'Oardonion' stage is considered to be intermedute between 
the lower chalk and clialk marl of England, the ' Carentonien' 
follows alx)ve, but is also older than the lower chnllc ; the 
lowermost portion of the chalk is believed to be absent. Tlie 
next stage, the' Angoumien' and the 'Provencien,'are not repre- 
sented in England, Dut their age intervenes between the upper 
and lower halves of the lower cholk ; the 'Coniacien' stage 
immediately underlies the ' superior lower cholk,' which is repre- 
sented by the' ^ontonien' stage ; the ' Campanien ' stage iseqmva- 
Icnt to the upper chalk, and the ' Dordonien ' belongs to the age 
immediately subsequent thereto. We hove not attempted to 
reconcile the synonyms ; but the table will afford on idea of 
the general character of Uie faunas ; — 
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ENOLAlfD 

(chiefly Isle of Wight). 



Spongia i>eKiza 

Manon marginatum 

M. macropora. 

M. porcatum 

If. farringdonenso 

8c3rphia f oraminosa 

8. furcata 

Jerea Deanoyeri . 

Vertioellites anaatomo- 



Biphonia pyriformis 

8. Webeteii 

8. agaridformiB . 

8xx>ngia roeandroideM 

ScvphiH Fittoni . 

Cliona Mantellii 

Hippalimus fungioides 

BtelUspongla micro- 
Stella. 

Amorphospongia ca- 
rentoneiisis . . . 

A. Oaudryi . 

A. digiUU . . 

Biphonia Fittoni . 

8. Koenigii 

Jerea cupula , 

liarginoeponglairregu- 
laris . . . . 

Cupuloepongia dilatata 

C. towensensis 

C. oblonga . . . 

C. santonensis 

Verticellites Goldfussi. 

Biphonia lycoperdites . 

Bpargiapongia rugosis- 
aima 

Cliona irregularis 

Rhyioepongia pioto- 
luca • * . • 
Coalenterata. 
AcUnoKoa. 

Chisma fiirclllatum 

Choristopetalum impar 

S^athopnora elegant 
olocyatis elegans 
Biphodictyum gracile 
EuipsosmiUa comuco- 

pi» . 
£. humilis 
Lasmophyllia ixtteri 

formis 
L. meandra 
Coelosmilia sulcata 
Ftmginella elegans 
Amm.ophyllia cretacca 
Dactylosmiiia caren 

tonensis . 
Barvsmilia conf usa 
Cyclocoenia rustica. 
CryptocoBnia caranto 

niana 
C. Fleuriaui 
C. rustica 
BtephanocQonla conia- 

oensis. . 
8. grandipora 
8. carantonenais . 
8. littoralis . 
a Fleuriaui . 
Astroooenia carenton 

ensis. 
Synastrea pinnata 
Centrastrea cenomana 
C. MicheUni . 
Stelloria rustica 
8. elegans 



Frakcb 
(South-weatX 



Polytremaois bulbosa 
DactylacLs ramosa . 
Cydolites elliptica 
Funginella hemisphjBe- 

rica ... 
Ellipsosmilia cuneolus 
Phyllooosnia pedicu 

laU . . . 
Astrocosnia f ormosa 
Astnea sulcato-lame 

looa . 
Synastnea cistela . 
8. microxona 
llasandrina radiata. 
Polytrema Coqiiandi 
P. paTonia 
P. maandrea 
P. ayeUana 
P. dilaUU . 
Cydolites canceData 

C. cupularia . 
Diploetenium subdr- 

culare 

D. lamcllosum 
Aplosiistrsoa gemmi 

nata . 
Aatmaroyana 
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Enolavd 
(chiefly Isle of Wight). 



Ceriopora subdicho- 

toma. 
C. cryptopora . . . 
Poljrtrema spluera 
P. urceolata . . 

Millepora glomerata . 
CryptoccBnia rotula . 
Bynastrcea fllamentoea 
Actinhelia elegans 
Ceriopora madrepora- 



cea 

C. racemoaa. 
Annuloaa. 

Echinodennata. 
Brissus sp. 
Cardlaster Benstedi 
Diadema Autissodo- 
rense 

D. Ibbetsoni . 
Hemipneustes Fittoni 
Nuclcolites Olforsii 
Balenia punctata? 
BchisasterD'Urbanir 
Diadema dubium 
Cidaris sp. 
Ananchytes la^Tls 
Catopygua carinatus 
Discoidoa subuculus 
D. cylindrica . 
Ananchytes oratus 

A. planus . 

Cidaris vesiculosa 
Oalerites albogalerus 
Jlicraster oor-angui 

num 
Goniopygus Menardl 
O. glouosus 
O. major 

Cottaldia granulosa 
Peltastes acanthodes 
Balenia personata 
Pvgaster truncatus 
Discoidea exdsa . 
Anorthopygus costd- 

latus . 
Caratomus faba . 
C. rostratus 
C. trigonopygus . 
C. laUrostns . 
Pygaulus subequalis 
P. macropygus 
Catopygua columbarius 

C. obtusus . 
Nucleolites similis 
Pygurus lampas 
Archiada santonensis 
A. gigantea . 

A. sandalina 
Micraster MicheUni 
Hdaster carinatus . 
H. suborbicularla 
H. cenomanensis . 
Hemiaster similis 
H. Leymerii 
H. nucleus . 
H. Vemeuili . 
H. Orbignyl. 
Periaster datua 
P. undulatus 
P. oonicus 

Phymoaoma regulare 
Holectypus turouensis 
Nudeopy gua depressus 
Mioraater consobrinus 
Pentaorinus carinatus 
Pseudodiadoma Kleinii 
Diplopodia Archlaci . 

D. variolaris . . . 
D. subnuda . 
Phymosoma caren- 

tonianum . 
P. rugosiun . . . 
P. sulcatum . 
Balenia scutigera? . . 

B. gibba 

B. geometrica . . . 
8. hdiopora. 
Oalerites vulgaris . . 
Pyrina ovata 

P. ovulum . . 

Rhynchopygus galea- 

tus 
Bolaster semistriatiis . 
Micrastor brevis . . 
Mioraater laxoporus . 
M. rostratus . . . 
Hemiaster nasutulus . 
H. angustlpneustes 
Nudeolites parallelus . 
Cidaris cyatnifera . . 

C. ▼endocinonsia . 
Bouigueticrinus dlip- 

ticus. . • . 
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Cidaris clavigcr.i . . 

C. aceptrifcra 

G. Bubvesiculoaa . . 
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C. Ramondi. 
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G. nanulostriata . . 
C. Jouanneti 
C. spinoaaiasima . . 
Fhymoaoma ooroUare . 
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P. aaxatUe . 

P. drdnnatam . . 

P. Baemannl 

P. girumneDse . . 

P. Komigii . 

P. omatiaBimum . . 

Paeudodiadema piuil- 

lum . . . . 
P. miUare 

Goniopvgua Baylei . . 
Cott^Udia Michelini . 
Paammechinua Dosori 
Hypoealenla holio- 

phora 
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Discoidea Invlasima . 
Globator petrooorien- 
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E. Moulinsii . . . 
E. OoUesmii . 
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Nucleolitea crudfor 
BotriopygUB Nonclnsi . 
Catopygua elongattia . 
Rhynchopygua Mar- 
mini . . . . 
Facgaaaia Faujaaai 
Conodyxma Leakd 
C. acutua 

C. oYum .... 
Cardiaater ananchytea 
Uomipneuatea radiatua 
Micraater Leakei . 
M. inteffor . . 
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Hemiaater prunella 
H. KOnincki . . . 










1 « 










1 • 


H. breriuBculua . 
H. 3(oulinai . . . 
Pontotagonaater atrati- 
ferua .... 
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P. diiliporua . . . 

P. Moiilinidi 

P. punctulatuB . . 
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Bourgueticrinua asqua- 
lia . . . . 
Annelida. 

Serpula antiquata . . 

a filifonnifl . 

S. plexua .... 

S. polygonalia 

8. Richardi . . 

Vormicularia conctiTa . 
Cruaiacea. 

Aatacua Toctenaia . . 

Meyeria magna . 

Mithradtoa voctonaia . 

Fragmonta . . 

Oolooria Amaudi 
Molhiaca. 
PolysoA. 

]>Dmopora tuborculata 

Ccriocava ramuloaa 

Hoteropora cryptopom 

Ceriopora polymoipha 

ISntalophora meudon- 
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Blfluatra carentina . . 
Membranipora oeno- 

Melicertitea compreaaa 
Bntalophora carentina 
Stomatopora reticti- 

lata . 
Berenicea regularia 
Unica^ea aubradiata . 
]>omopura davula 
Radiopora piiatoloaa . 
R.HuoU 

Cellarlna turonenaia . 
FuaioeUarla pulcbella . 
Vinciilaria quadrila- 

tera 
y. ponaiana. 
Eachara ocblnata . 
Eacharipora diryaalia . 
Bifloatrainaquolia. . 
B. simplex . 
B. QgiTaUa . . 
B. ligerienaia 
B. meudonenala . . 
B. heteroponi 
B. mdlia . . 
Fiufluatra comproaaa . 


— 




— - 


— — 


1 

M 

'. z z c _ • 

1 « 

; Z ZitZZ • 
(1 _ • 
'i • 

1 « 

!i It 

Z Z''Z z • 

z z zz * 


• 


F. regulana . 
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FhistroUa irrogiUaria 
Fluatrina tranaveraa 
F. triforata . 
Bemieachara inomata 
Cellepora aantonenata . 
Fluatrellaria Fran- 

qiiana . ... 
Membranipora oralis . 
Melicertitea foricula 
Bemielea Vielbanci 
Reptelea pulcheUa 
Laterotubigora flex- 

uoea ... 

Idmonoa carantina 
I. lata .... 
Entalophora inoon- 

ataua. 
Filiaparaa reticulata . 
Diacoaparaa cupula 
Proboflcina radiolito- 
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B. 
B. 
E. 
E. 
E. 
E. 




nmi 
Claviclauaa elegana 
Cayea regularia 
Sparaicayea oarantina 
IVuncatula alternata 
Filicrialna yerticlllata 
Reptomulticayea 

milla . 
Ceriopora digitata 
Numeroua fragmenta 
Eachara Ada 
R Aegle . 

Aegon 

amata . 

cypnea . 

oytheroa 

Aegea 

Agata . 

Claudia . 

Electra 
Quadiicellaria el^pma 
Q. pulchella . 
Vincularia multicella . 
V. aantonenaia 
V. perforata , 
V. poregrina 
V. longicella 
Eacharipora inaignia 
Bifluatra tuberculata 
B. nuDondrina 
B. yariabilia 
B. asqualia 
B. allito . 
B. binuuvinata 
B. grandia 
B. lacrymopora 
B. oydopora 

B. marginata 
Fruatrella frundosa 
F. Bubcylindrica 
F. ochiuata . 
F. rhomboidalia 
F. terminalia 
Fluatrina conatricta 
F. apatulata 
Lunulitoa Bourgeoisi 
L. cretacea . 
L. plana 
Roptolunulitea angu 

loaa 
Payolunulitea elegana 
Bcmieacbora grandia 
8. arborea 
8. dentata 
Cellepora pariaienaia 

C. Veato 
C. CUo 
C. Thiabe 

Porina filograna . . 
RepteacharoUa inn- 

qualLa .... 
R. radiata . 
Bemieacharipora inter- 

rupta 
8. irrogularia 
8teginotx>ra irrogularia 
FluaireUaria cretaoea . 
F. oblonga . 
F. bipunctata . . . 
F. tubuloaa . . 
F. aantonenaia 
F inomata . 
Membranipora 

qxiana . 
M.ffTaciliB . 
M. Ugoriensia . 
M. normaniana 
M. cypria. 
M. concatenata 
M. rhomboidaUa 
M. marginata 
M. atraugulata 
FUiflustrcai Lit-.roUa 
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Baptofliutriiui gimiilci 



^llfojclgen dlcboto- 



Paaciporinn fleinotn 
Peilpora Ugorloiuia ^ 
HplropoFiL vitiquA 

II umulutMplnklla 



Dl^Cublganl 
DnltubieenU'rTncM 

ACtlUDpDTA OdUOITi ^ 

OiUkipban mlpots 

KUncarli 

B. (ubngnliuli . 

B. FiutuLm . 

HtalnUiiliipammTlcu- 




Dfioacavea iiTeguiATl& 

Bmitce* tubulDu 

BamlciTn mUbltia 

liahBiiopon vUoor 



CnkATta colUa , 



BsptomulUaTW alm- 



T. gnwUla 

UnJcytUfi . 

NodtoKoifl tubercu- 

Uts . . . 
Cellula cuUtbrmU 

Vioeuluta norma 
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E.AglBia . 
KAfilca. 
BAitomli . 
B.CBlUriioa 



EBcLurineUa olc^faiu 



Fliuli^U polTrnw- 



dfpo&ta 

TnWlot 

CeUflpDrB flimpLox . 

a Zugls. 

c, xipW , , 



p. nUfomli. 

RflibelUU. 
R pupDldu . 
fismleKluiripim inalig 
ReptoKhuipora nu- 

DJscufluatrelUTlA dom& 
FlliHuitrtjIkila ob- 
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CorUsflbroni 
Corbula itriAtula , , 
Cucullm OsfatielU 
CyprlcuiUk uuduLita . 



LMliiKaphK 
L ipatlialRtA . 

UthadoiniLi oblouguB 
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Lima tntncata 

L. Paqueroni 

L. •antonenaU 

Area cretaoea. 

▲. royana 

Trigonia inomata 

T. echinafcA . 

Pecten barbesillcnaifl 

P. mediopUcatiLs . 

P. royanua 

P. NUssoni . 

P. miiltiooatatus 

P. Reglevi . 

P. Eapaillaci . 

P. reourrenM 

P. girondinuB . 

Ostrea nyrouaica 

O. caDoliculata 

O. subinflata 

O. arictiloides . 

O. Boucheronl 

O. lanra . 

O. lonata 

O. ICatheroni . 

O. comu-ariotis . 

O. Overwogi 

O. laciniata 

Anomla ezoentrica . 

Radiolltos flMioostatua 

R royanua . 

R. acutiooetatus 

R. craterlformis 

R. Boumonl . 

Bphanrulitea alatus 

8. Smnannl 

8. HoBnlnghatul . 

lithodomua hippuri 

turn . 
Ottrea Lameraciana 
Radiolitoa ingena 
R Jouanneti . 
BphwruUtes Toucad 

B. cyllndraceua 
Hippurites radioaua 
H. Lamarckii . 

Oaateropoda. 

Actseon afflnia 
A. Albenaia 

A. marginatua 
Cerithlura attenuatum 

C. olemeutinum 
C. Lallierianum 
0. neocomienae 
0. PhUUptl . 
C. turriculatum 
Dentalium cylindricuin 
Bmarginula neoooml 

enaia 
Eulima melanoldea 
liUorina oonica . 
L. rotundata . 
Natica oomtieliana 
N. nultina . 
N. UBTigata 
Pterooera biearinata 
P. Pittoni 
P. moreauaiaiia . 
Roatellarla glabra 
R robinaldiiia 
TarriteUa duplnlana 
Natica nodoaa 
Solarium ooxuddenm 

B. omatum 
Arellana cassia . 
PrnOa Smithil 
Pleurotomariapenpec- 

tiTa . 
Bolarium dentatum 
Bcalarla Alphonaii 
Globiooncha rotundata 
O. ponderoaa . 
Natioa suooinoidaa 
N. diiBcUia 
Actaofiialla liBTia . 
Actnon elongatus 
Cbemnltsia Aeolia 
Nerinea Salignaci 
N. blaulcata 
N. regularia . 
N. PlourlauBl 
N. anniiiana . 
N. Bauga . 
N. momlifera . 
N. Rocbebruni . 
RoteUa Mloboni 
Turbo Naodaai . 
Pleurotomaria Boreaui 
Varigera canmtonendfl 
Pterodonta elongata . 
P. inflata 
Corlthlum refloxila- 

brum . . 

Btumatia aqpera . 
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BtrombuB inomatua 

B. incertus . 

Ptarocera Rochebnmi 

P. pobroera 

Dentalium deforme 

Natica carentonenxia 

Pleurotomaria Gallieni 

P. Rocbebruni . 

Pterodonta intermedia 

Ceritbium Toucosi 

Nerinea subeequalia 

N. pauperata . 

N. requieni . . , 

N. ucnauxiaua 

Natica Martinii . 

Ceritbium ponsianum 

Turritella coniaccusis 

ActeonoUa erassa . . 

Pbaaianella Rocbe- 
bruni 

P. coniacenais . . . 

Eulima bulimoidoi 

Acteonella involuta 

Turritella Bauga . 

T. coniaoenaia . . . 

T. umbilicata 

T. Ouilhoti . . 

T. Vignyl . 

Scalaria carentonenaia 

B. Boucberonl . . 

Nerinea Amaudi . 

N. analoga . . 

Bulla aautonenaia 

Globiooncba interme* 
dia . . . . 

Turbo Rocbebruni . . 

T. nodoaocoatatua 

T. coniacenaia . . . 

Delpbinula acalaria 

Pleurotomaria Raulinl 

P. Amaudi . . . 

P. coniacenaia 

P. santonenala . . 

P. aecana 

P. Pleuriauai . . . 

P. dirtincta . 

P. turbinoidea . . 

Coniia tuberculatua . 

Pterodonta obeaa . . 

Turritella ainiatroraa . 

T. flrtHgnad . 

Nerinea Marroti . . 

N. mumia . 

Olobiconcba Fleuriaual 

O. If arroti . 

O. truncata . . 

AToUnna royana . 

Neritopaia uevigata 

Natica royana 

N. rugoaa . . 

Pbaaianella aupracre- 

P. royana . . 

Delpbinula turbinoidea 
D. cretaoea . . 

Turbo Fn^oVL 
T. royanua . . 

Trocnua Marroti . 
T. girondinua . . . 
T.diiBcilia . 
Pborua canaliculatu* . 
Pletirotomaria Marroti 
P. rojrana . . 

P. EapaiUaci 
Smarginula gigantea . 
CyprwaoYula 
Roatellarla carenton* 



Pterooera aupracreta- 



Puaua royanua . . 

F. Marroti . 

F. Fleuriaual . . . 

F. Norela 

F. Harlel . ... 

F. Eapaillacl 

F. Nandaai . . 

F. Baylei 

Voluta Labayeal . . 

CerlUiium petrooorl- 

enae . . . . 
C. Toyanum . . 

Infundibulum crota- 

ceum. 
Cepbalopoda. 

Ammonitea Garteroni. 

A. oonaobrinua . 

A. oomuellaniia . . 

A. Deabayeaii 

A. furoatua . . 

A. Hambrovii 

A. Leopoldinua . . 

A. Martinii . 
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The above table, lengthy thongb it be, is not intoided t« be 
complete ; bnt it eerres to illiutmte the extnoidinarf distribn- 
tioD of the foBsils ; ft distribatioii which RveaU tracee only of 
what was the actual airangement of the bona then Uvii^. The 
record is manifestly Teiy baementaty and diaconnected. Tbe 
etrata dso pieeeut the same uiaiacter. Thus, aa we have indi- 
cated, Iceland has a leaa complete ffoccesdon of beds than 
England, and France posseaeea many strata which have not been 
diacovered in England; and if we had space, we could have 
shown that strata, apparently intermediate in age between some 
of thoee in France, are to be detected in other conntrieB. But 
the°e details, and many others as mnch deaervin); of insertion as 
thoee which have been given, must be omitted. Thus we shoald 
much like to have pointed out the analogy bcta'een the deposit 
now forming at the ixtttom of the Atlantic (about which so much 
is now being learnt by means of deep-sea dredging), snd those 
of the cretaceous epoch ; such as the chalky ooze permeated with 
a profusion of living organisms, and the zones of siliceoas mate- 
rial abounding in grains of gieen silicates, which gmina are be- 
lieved to be the casts of interioTs of minute ahella. The occur- 
rence of blocks of stone and patches of gravel in the chalk, which 
is usually so free from non-calcareous particles, has been atbibuted 
by some to the sgency of sea weeds and trees, borne along bv 
currents from the sea margin; bnt some authors, as Sir C. Lyell^ 
consider that the absence of anr carbonaceous matter associated 
with them, and the occasionally large siie of the fragments, 
supports the idea that floating ice may have had a share in their 
distribution and transportaL Then again, there are the remark- 
able groupof stmta, which have been bo ably described by 
Professor Whitney and his coadjutors in the survey of California, 
liiey have shown Uiat the beds of this age in that State are 
highly metamorphosed, and enclose thick layen of coaL We 
cannot enter into these matters, and are therefore compiled 
to refer the reader to the works cited at the end of this article. 
He would do well if he were also to consult D'Axcfaiac'a 
'Histoire dea Progres de la Qeologie,' vols. 4 and fi; the 
'Bulletin^' published annually by the Geological Society of 
France; the ' Revue de GiSolc^ie,' issued every year by Delease, 
I^ugel, and J^pparent ; the numerous monographs in the mag- 
nificent ' Pal^ontologie Francaisa;' in the volumes of the 
' PiJiBontogtaphical Society of London ; ' and in the ' Palieonto- 
graphica' of Dunker and Ueyer; nomcrous papers in the 
'Sitznngsberichte' of the Scientific Academy at Vienna; the 
■Jahrbnch' of the Imperial Qeologicol Society of Austria ; the 
' Zeitschrift' of the German Qeolc^ical Society; the 'Comptea 
Bendus ' of the Academv at Paris ; the * Quarterly Journal of 
the Qeolc^cal Society of London; and the publications of many 
other Societies. There are also many papers scattered through 
a host of periodicals, such as the 'Geological Magazine,' the 
' American Journal of Science and Art,' Leonhard and Qeinitz'a 
' Jahrbuch fiir Mineralogie, &c.,' tbe ' Geologist,' ftc, &c. Huch 
may be gleaned from special works like Keynea' ' £tudes sot le 
Bjnchronisme eC la di^bni^tion des tecrains cretac^ du sud-eat 
de la France, 1661 ;" Gras, ' Description eiologique du dipirtement 
de Vaucluse, 1862;' the ' PaUeontoI^ca Indica;' Whitney, 
'Geological Survey of California;' Coquand, ' Monmaphie 
pal£ontologique de I'dtage aptien de I'Espagne, 1866,' £c, && 
^ose who da not care to sin the great mass of material in the 
volumes above mentioned, should consult the manuals by Dani, 
LyeU, Jukee, Phillips, Naumann, and others. 

(Bristow, Etheridge, De la Harpe and Salter, Memoir 6f the 
Oeolosieai Survejf of (frnt £riU»n (on sheet 10); Co^uandj 
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Bulletin de la SociiU Giologique de France^ Second Series, voL 16, 

S. 945, tt seq, ; Tate, R., Quart. Joum, GeoL Soc,, voL xxi. p. 15 ; 
udd, Quart Journ, GeoL Soc,, vol. xxiii p. 227 ; xxiv. p. 218. 
Rev. T. Wiltshire, Quart. Jourrt, GeoL Soc., xxv. p. 285.) 
CHARLOCK [SiNAPia, E. C. S.] 

CHAUNA. A genus of birds whose systematic position has 
long been in doubt, and the members of which present several 
remarkable structural features. In the E. C. the genus is de- 
scribed under Palamedea, vol. iv. coL 163, and the species are 
there assigned to two genera, viz., Ghauna and Palamedea. It 
is now generally admitted that all the species so assigned belong 
to one genus, for which the name Ghauna is retained. Under 
Cabiama, K C. vol. i coL 779, a bird is described imder the 
appellation of Palamedea cristata, but this has no relation to the 
genus under notice. In the present state of our knowledge two 
species are assigned to the genus, viz., G. chavaria and G. derbiana. 
The former inhabits Southern Bnuil and Para|[uay, the latter 
New Granada and Trinidad ; but it has also been said to occur in 
Guatemala, although there is no satisfactory evidence in support 
of the statement G. chavaria is the larger and lighter coloured 
species, and has an ill-defined black ring low down on the neck. 
G, derbiana has the neck wholly black, and the throat white. 

In 1863 some specimens of Ghauna were sent to the Zoological 
Society of London by Mr. Greey, who furnished the following 
notes on its habits : " It utters three peculiar sounds — a trumpet- 
like scream ; a gobbling, turkey-like noise, accom][>anied by a 
peculiar bowing of the he^d ; and a hollow, rumblmg noise in 
its inside when enraged. Another peculiarity of the species is 
the cellular membrane between the skin and the flesh being 
capable of distension, thus accounting, doubtless, for the rum- 
bling sound emanating from its inside. It has two spurs on each 
wing ; when attacked, it throws back its head, brings forward 
its wings, and stands on the principle of ' defence, not defiance.' 
It will Kill snakes, and, though very wild in its natural element, 
becomes very docile when associated with other fowL" 

The specimens above alluded to were named (7. chavaria on 
their arrival in this countir, but they were soon after described 
as a new species by Br. Sclater imder the name of G. nigricoUis^ 
and still more recently he has discovered that the birds really 
belong to G. derbiana. In 1864 Dr. Crisp published some remarks 
on the visceral anatomy of " Ghauna chavaria" and Mr. Parker 
has written a valuable memoir on the anatomical structure of 
" Palamedea chavariaJ' At first sight it might be supposed that 
the observations of Messrs. Sclater, Crisp, and Parker had 
reference to three different species, but we believe thev are based 
on the same species, and even on the same indiviauals. The 
true specific name appears to be Ghauna derbiana. 

Dr. Crisp verified the statement that air is present beneath 
the skin, and further ascertained that nearlv everv bone is per- 
meated with air. Special arrangement have been made to 
render the bird as light as possible — a feature which seems to be 
related to its habit of walking over the leaves of the aquatic 
plants which flourish in its marshy home. Dr. CrispalBO draws 
particular attention to certain other peculiarities : "The tongue 
IS fleshy, thick, and rather pointed. The trachea is lai^ge above, 
and small below ; but the greater part of the tube is uniform in 
size, and the rings firm and unyielding ; the rings number 129. 
Two pairs of miudes are present at the lower part — ^the iterwh 
trachealet and bftmcho-tracheales : these are of large size. The 
eyes are large ; irides of a light yellow colour. The longs, 
hieart, kidneys, thyroids, spleen, pancreas, gjenerative organs, ana 
reaial bodies present no remarkable deviation from the ordinary 
types, except that the generative organs and renal bodies are of 
a deep on^e colour. The lobes of the liver (in both specimens) 
are connect^ by a very small, narrow isthmus, mucn smaller 
than I have seen it in any other bird of the same size. But the 
intestinal tube of this bird ofiisrs some of the most curious 
anomalies. The oesophagus is of uniform size, and of moderate 
capacity ; the proventriculus thick and capacious ; the ghmds 
large and flask-shap>ed ; the gizzard thin ; its parietes of nearly 
the same thickness in every part ; the calibre of the smsdl intes- 
tines moderate, and that of tne rectum very large. The mucous 
lining of this gut forms forty-two transverse folds, so as to 
extend greatly the absorbing surface. The subjoined is the 
length of the canal : — 

{Esophagus 12 inchos. 

Gizzard -21,, 

Bmali intettincs . . i . . . . 50 ,, 

Appendices, three 6 it 

Large intestine . • I' ty 

1^ 



" The intestinal tube holds 14 ozs. 3 drachms of water. The 
appendices, although short, are very capacious, and, like the 
laige intestine, are furnished with transverse folds of tne mucous 
membrane, but more faintly marked. The important peculiari- 
ties of this bird are the gjeat lightness of the skeleton, the 
presence of air under the sfm, the CTeat length of the rectum, 
and the extent of the mucous folds, the large calibre of the 
appendices, and the very slight connection between the hepatic 
lobes." 

Most authorities have placed Ghauna amongst the Itallida; 
but Mr. Parker considers this to be unquestionably erroneous, 
and that its proper position is amongst the AnatincB — an opinion 
which has received considerable support amongst ornithologists. 




the genera of birds partake of a structure and nature which may 
very appropriately oe called passerine ; and another very la^e 
group, both of genera and families, mav also be called pluvia- 
une, — ^the common, grey, and dotterel plovers being tvpical of 
these groups, which run up through the sandpipers and curlews 
to the ibises in one direction, through the lapwings and stone 
plover to the bustards and cranes in another, and through 
Ghionis and the Pratincole to the petrels and the gMls. Still 
this does not exhaust the pluvialine birds ; for the geese and 
their allies are allied on one hand to the ibises through the 
flamingo, and on the other to the cranes, although the proper 
connecting link in this case is doubtful, PcSamedea lyinjo; 
obliquely, not directly between them. The megapodes, hemi- 
podes, sand grouse, and tinamous, also, have no Uttie proportion 
of the plover in their nature. The jacanas {Parra) are essen- 
tially plovers, although they have something of the rail in them, 
especially in the skulls; and they are united to tlie typicid 
forms by other spur-win^ plovers (Phwianus apinomu, Cfould). 
Now, looking at the anatme birds as a great division of specialised 
forms parallel with, and intimately related to, the pluviaBne birds, 
we begin to see how they can l>e related to the mixed ' GcUli- 
nacecd, which have so much of the plover in their essence. 
But we had much, at starting, in common between the typical 
and pure fowls and the duck and goose tribe ; add to this the 
fact that the mound-makers and curassows come mudi nearer to 
the' AnatincBf and then suppose an anatine bird in which the 
homy denticles are feeble but abundant, and the jaws com- 
pressed stout, and trenchant, the same bird having the occipital 
r^on m hannony, not with the geese, but with the fowls— put 
all these things together, and we shall be supposing what really 
exists in the PdUmedea. Then we can calmly look at tiie &ct 
that those geese which have spurs in their wines, like those of 
the PalamiMea (viz., Ghenalonex and Pledropteru^ have their legs 
longer, more giallatorial, and better under them than the typical 
form, and that the spur-winged goose (PUctropterus) has a pelvis 
exactly intermediate between that of a typical goose and that of 
a Palamedea, It is worth wMle to notice the thick down 
that covers the Palamedea, the height of the bare tract on the 
tibia, and the reticulated tarsi, like those of the goose, and not 
like those of the cranes and rails, which have them scutellate in 
front Whilst removing the viscera, I saw that the trachea and 
inferior larynx were truly anserine, for there are no inferior 
laryngeal muscles, the contractors of the trachea ending one- 
third of an inch above the bifurcation, and only a delicate fan- 
shaped fascia going to the half rings. Moreover, the trachea 
itself, from being flat and cartilaginous, becomes round and then 
compressed and osseous an inch above the bronchi, so that it 
cannot be mistaken for the trachea of any other than an anatine 
bird. There is nothing whatever in the digestive oigans, which 
are extremely voluminous, to separate the oird from the goose ; 
yet the gizzard is not so strong as in the types, and the easea 
eoli are iworter and wider. I have at present only hinted at thei 
osteology of the PaUwiedsa, It diverges from the goose in all 
this part of its composition just as much at it converges towards 
the curaasow and the Tale^cUla ; but it is not only more galline 
than the true geese (we have already seen that both geese and 
fowls have much in common^, it is also plainly more laeertine. 
It will require a goodly memoir to do it justice, hut in thia short 
notice I must mention one or two things. Its large soft tongue, 
which has not the papilks bony, has in it the cerato-hyals , ossi- 
fied *from separate points, as in the Roose and lum, much nearer 
the former man the latter ; but the free thyro-hyak are flattened 
from above downwards, and cannot be mistaken for those of 
any other but an anserine or anatine bird. All the skull and 
fiuie, except at its two ends, conforms to the lamelli-rostral type, 



808 



CHEIROPTERA. 



CHEIROPTERA. 



80i 



Point by point, process by process, lamina for lamina, all else is 
truly and distinctly that wnicli belongs to the Sifter and to no 
other bird. It may be said, indeed, that this bird is not a 
Sifter ; it is, however, a browser and mrazer ; and being of 
Lincolnshire descent, and familiar with the fens, I am well 
acquainted with the grazing habits of the typical goose. There 
is a little of the crane in the sternum ; but, on tne whole, the 
skeleton may be said to belong to a very lacertian goose.'' He 
goes on to show that the spur-winged oirds are on the same 
ornithic plane as Chaunaf the only exception known to him 
being the Syrian blackbird (Merula dactyl^tera). He has some 
remarks on the number of vertebno between tne heads of the 
thigh bones and the true caudal series. The genus is of especial 
interest, since few, if any, living birds approach nearer to the 
lizard tnan it does, and smce there are many parts of its struc- 
ture which indicate that it is the nearest living relative of the 
wonderful Archceopteryx of oolitic times. 

CHEIROPTERA [E. C. voL L cols. 961-— 976]. Bats repre- 
sent a curiously modified order of vertebrates adapted for flight, 
and are as exceptional in this respect amongst mammals as were 
the pterodactyles of old amongst reptiles. Of the four principal 
types of organs of flight, viz., those of the bat, the biras gene- 
rally, the Archceopteryx, and the pterodactyles, the fore limb of 
the bat presents Uie extreme degree of mo<ufication in one direc- 
tion, that of living birds presenting the opposite extreme, while 
those of the Armcsopteryx and pterodactyles occupy a middle 
place. Thus, looked at as a whole, it is observable that the 
more distal bones of the fore limb, from the carpus outwards, 
form but a small proportion of the total length in living and 
extinct birds, whereas in the Archaopteryx and bats they are 
usuallv longer than the remainder of the limb. But when the 
several parts are compared, the following relationships are to be 
noticed. In the bat s fore limb the scapula is short and stout, 
the humerus is much longer and of more slender proportions 
than the scapula ; the forearm is almost entirely composed of 
the radius, a rudiment only of the ulna being weldeii to its 
proximal end; the carpus or wrist consists of six bones; the 
metacarpus is formed of five separate and highly elongated 
metacarpals ; and the phalanges are also of slender proportions. 
The pterodactrle has a somewhat more slenderly-proportioned 
scapula than tne bat ; the humerus is short, stout, and straight ; 
the ulna and radius are also short and stout, nearly eqmd in 
length, distinct from one another, but closely approximated; 
there are five bones in the carpus, four in the metacarpus, which 
are separate, of nearly equal length, but the metacarpal of the 
fourth finser is much shorter than the others ; the pnalange of 
the first uiree fingers are small, slender, and terminated by 
daws, while those of the fourth or fifth are relatively of enor- 
mous size and length. In birds the humerus is intermediate in 
proportions between those of the pterodactyle and bat ; the ulna 
ana radius are distinct^ not amalgamated together, the ends only 
are in apposition, while the bodies are spaced apart o>nng to 
their curvature; the carpus consists of two bones only; the 
metacarpus consists of two, and sometimes three bones, of 
which one is much smaller than the others. In the ArchcBopU- 
ryx there are four distinct metacarpal bones, of which two are 
much larger than the others. Altnough much might be said 
respecting the anatomy and physiology of the Cheiropteraf and 
nimierous diagnoses mi^ht be given of genera notnotic^ in E. C, 
we refrain from entering into details, as they would carry us 
beyond our limits. We may observe, however, that the insect 
hunters are readily recognised by their exceedingly large ears, 
interfemoral membranes, and more or less developed appendages 
to the nose ; the index finger has no nail ; and the stomach is 
short or globular. In those species which live more or less upon 
fruits the ears are of moderate size, the foliaceous developments 
of the nose are moderate or rudimentary, the index finger gene- 
rally has a nail, and the stomach is elongated. There are also 
certain genera which live upon the blood of animals ; they agree 
with the last-mentioned group in the moderate size of the ears 
and nose appendajo^es, and with the fiirst-mentioned group in 
having an index digital claw ; but differ from both in having an 
immense cardiac ccecum to the stomach. Thus in one specimen 
of Deitnodui rufus the body measured from 3*2 inches from the 
snout to the end of the tail ; the intestines, from the pylorus to 
the anus, was 11 inches ; and the ccecum, which opened into the 
stomach near the pylorus, was 6*5 inches in length. 

Passing by these branches of the subject, we propose to dwell 
on some of the habits of these creatures, partly because the facts 
recorded in K C. are founded upon captive individuals only, 
and partly because details of this kind are rarely to be met with. 



In the 'Proceedings of the Zoological Society' for 1865 are 
numerous extracts Irom the diary of Mr. Osbum, relative to the 
habits of the bats of Jamaica, from which we have derived most 
of the following notes and quotations. The quotations are 
necessarily lengthy, as in anecdotes much depends upon the 
manner in which they are related. 

Nyetinomus nastUiu, This species abounds in ruined and 
deserted houses, and even frequents the unoccupied portions of 
those which are inhabited. A^ soon as the sun dips below the 
horizon these creatures issue from their roosting place, of which 
Mr. Osbum gives the following description, as seen at Rowing- 
ton Park, Vere. " Vast numbers of these little bats inhabit the 
shingled roof of this house. It is an unusually favourable place 
for observing them. The rooms are ceiled. A store-room with- 
out ceiling communicates directly with the roof, whence a view 
can be obtained of a large part over the ceiling of the other 
rooms. A crack in the boarding that crossed a gable let in suffi- 
cient light for easy observation, and was besides of great im- 
portance to the bats as their principal avenue of communication 
with the outer world. I often observed them during the day 
exactly as Goldsmith's line expresses, 'lazy bats in drowsy 
clusters cling ; ' for, what seems suiprising, notwithstanding the 
extreme heat of the situation — shingles exposed to the sun (and 
it was disagreeably hot and confined where I stood, twelve or 
fifteen feet below;, the bats clung in complete clusters. I 
counted fourteen little heads in a mass about the size of a 
turnip. But they are not all asleep ; now and then a wing is 
stretcned with drowsy enjoyment ; and the luxury King James 
thought too great for subjects and ought to be reserved for kings, 
is largely indulged in by bats. First one and then another 
wakes up, and, withdrawing one leg and leaving himself sus- 
pended by the other alone, adroitly uses the foot at liberty as a 
comb, with a rapid effective movement dressing the fur of the 
imder part and nead — an action far from ungraceful. The foot 
is then cleaned quickly with the teeth or tongue, and restored 
to its first use. Then the other leg does duty. Perhaps the 
hairs with which the foot is set may aid to this end. 1 often 
have seen them do this in confinement; and probably the 
numerous bat-flies with which they are infested may be the 
cause of extra dressing. It is impossible to imagine a more 
perfect or effective comb than the little foot thus used makes ; 
and I would here remark on the extreme sensitiveness of these 
little animals. I have often been painfully impressed with the 
amount of suffering some of my experiments were causing, by 
observing their fretful impatience ; a bat, with its wings broken, 
its bright little eye glazea with coming death, would resent the 
first touch and hum of a mosquito, and exhaust its dying efforts 
to escape the annoyance. A little after sundown, and, from the 
room below, the roof seems alive with movement; there are 
squeaks and a shuflling' scuffle over the boards. From the place 
of observation before referred to it is too d^k to see plainly the 
bats within, though their little forms may be traced scrambling 
eagerly up the boards of the gable, till they arrive at the chinky 
when they become quite plain against the evening sky without, 
as they go over the edge, their elbows and ears in the action 
being pt^icularly prominent From without, or the window 
below, we can see tnem shoot off with great rapidity (so that I 
have heard disputes as to whether they are bats or swallows), 
and dart after their insect supper with the most intense enjoy- 
ment over the neighbouring trees and pastures. I would remark 
that there is a distinction in the mode of flight of these bats and 
our Hirundo pceciloma. This is, that whilst the arc formed by 
the tip of the swallow's wing is as much below as above the 
body, the wings being as far apart when fully raised as when 
fully depressea, in the bat the wmgs scarcely rise above the level 
of the body, and meet apparently below. I do not mean this 
is imiversaily the case. I do not think the frugivorous bats do 
it; but it ia very apparent in some of the insectivorous bate 
when goin^ at a great rate; and as I know this species b^ 
tracing their course as they shoot from their roosting place, it 
must be noted as one of the most remarkable for this. Their 
exit during March was about half-past six o'clock : about ei^ht 
to nine o'dock they returned. It is then they are so particu- 
larly annoying to the inhabitants of even the most carefully 
kept Jamaica houses, llie great majority return to the roof; 
but one or two vigorous little feUows come into the rooms, and 
flap about in the most unmeaning way. Nothing is more 
remarkable than the agility with which a dozen, in the early 
part of the evening, skimmed and glided by every article of 
furniture. But now they bang themselves against the ceiling 
and walls, dadi on the table, get up again, when the cat, by 
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lumping, catches them a pat, and they fall on the floor, not much 
nurt, to judge by their liveliness; for grimalkin, having per- 
formed the feat, sits down, her paws tucked under, and gravely 
watches the hurry of the alarmed hats shuffling over the floor. 
They disturb the harmony of the evening by becoming the 
occupants of, and making an escapade beneath, a gentleman's 
coat-collar, or a great sensation oy getting entangled hope- 
lessly in a lady's hair, and bite more mriouSy than effectively 
during the process of release. They renudn very active all 
night, scampering and shuffling about their ample quarters. 
For several nights the noise was so great, I attributed it to rats ; 
but the Doctor assured me there were none — it was these little 
animals alone ; and I found he was right. I do not know at 
what time they again start for their morning meal, but they 
return between five and six in the grey of the morning." The 
anecdote mentioned in Dr. Allen's Introduction to his * Mono- 
graph of the Bats of North America,' appears to refer to this or 
an allied species. It records how a house in Maryland, which 
had been uninhabited for several years, came to be purchased by 
a Portugese gentleman, who was assured that it was in good 
habitable conoition. The furniture, luggage, all were sent on 
beforehand, and in the evening the family arrived travel-worn 
and fatigued. The evening being fine, chairs and seats were 
laid out on the lawn in order that the party might rest them- 
selves and enjoy the calm sunmier air. But hardly had they 
comfortably settled down than crowds of small bats issued from 
every open window and hole in the house, darkening the air and 
eausmg the ladies to fly from their seats for fear of the vampires 
lodging in their hair. This visitation of bats was quite unex- 
pected, as nothing was seen of them during the visit to the house 
prior to purchase ; but that was made during the winter, when 
the bats were dormant, whereas the settlement was effected in 
summer, when the bats were in their highest activity. Every 
effort was made to exterminate the bats as a nuisance, and, in 
order to hit upon the readiest method, their habits were watched 
for several successive evenings. They were seen to issue from 
holes in the roof in twos and threes as soon as the * whip-poor- 
will ' commenced his peculiar note, and flew direct to the river 
for the purpose of drinking. They flew about after insects for a 
few hours, again retired to their roosting-places during the dark- 
ness of night, and again emerged at the call of the * whip-poor- 
will * at early dawn. This fact having been ascertained, au but 
a few apertures opening into a room were plastered up, and the 
whole force of the establishment planted at the several holes, 
each member being armed with a stout stick. As the bats 
escaped through the holes they were struck down. The opera- 
tion lasted several days, and resulted in the destruction ot up- 
wards of ten thousand individuals. 

ArctibeuB carpolegus. It dweUs in large numbers in caves. 
When the net is brought near one for the purpose of capturing 
it, the ears vibrate rapidly independently of one another, and the 
nose leaf is also vibrated as though it were feeling for sound and 
smell to enable it to detect the nature of the danger. The 
floors of the caves frequented by it are strewed with the 
munched ejected skins of the fruit of Gordia eollococca, as weU 
as fragments of mangos and rose-apple (Eugenia jambas). It 
appears to be somewhat more partial to daylight than most bats, 
amce it usually congregates near the entrance, and is seldom 
found in the darker recesses. Its habits, however, vary with the 
district. Thus where limestone abounds it frequents caves, but 
where the strata consist of shale or other material not favourable 
for the formation of caves, it clusters in large groups under the 
fronds of l^e cocoa-nut palm^ and feeds upon the pulp of the 
youn^ nuts. 

Ch%lonyeter%8 Osbumi, Very few notes were made on its 
habits in the natural state, but a dozen specimens were kept 
in the house for a few days. During the day they clustered, 
head downwards, in any dark hole they could find, now and then 
jumping up with a sibilant chirp. Soon after five o'clock they 
rouse themselves from torpidity, agitate the tips of their ears 
with a rapid motion in a backward and downwam direction, and 
in flying the interfemoral membrane is stretched tight by means 
of the calcanea or heel-bones. One individual had some water 
spilt on its muzzle and face, which it removed by placing the 
head under the fore-arm, and adroitly brushing the moist parts 
with the hind paw, the motions of which were extremely rapid. 
This done, the paw was cleaned by licking. 

Monophyllus Bedmanii, This species is remarkably active, 
and when confined in a box it runs roimd with a series of rapid 
jumps like a mouse. When a glass was placed over one in the box, 
it immediately darted its tongue against the wood, for the purpose, 
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apparently, of ascertaining its nature, and the nose-leaf and ears 
were in active motion, being directed first in one direction and 
then in another while endeavouring to discover some place of 
exit. The toncue is very extensile, and has a remarkable brush- 
like tip, but wnat its function is has not been ascertained. Its 
resemblance to the similar tongue of TanaareUa ruficoUis, which 
is used for sucking juicy fruits, suggests the idea that the bat 
may use its tongue lor the same purpose. This is supported by 
the observations made by Mr. Osbum on the species to whicn 
we are about to refer. 

Phyllonycteris Poeyi, This species frequents caves in immense 
numbers, swarming on the wans and roofs like bees. An expe- 
dition was made to one cave, and seventeen specimens obtained 
therefrom, of which the best conditioned were taken home in a 
gauze-covered box. « They bit fiercely, and not ineffectually, at 
my fingers, were extremely active, and ran about the box with 
great agility. One or two managed to get out, when I found 
they could run on the floor and rise to the wing with the 
greatest ease. After one or two turns round the room, they 
hitched themselves, raised the head a little, and moved the 
nose-leaves and ears alternately, in the eager enquiring way of 
Monophylhu Redmanii and AreHbeiu carpolegtu. All night I was 
disturbed with their violent efforts to escape. I congratulated 
myself I had taken the precaution to line the bottom with a 
good bed of silk cotton, for otherwise the inflconmation produced 
on the wrists by their efforts renders them unfit for preservation. 
The loud bird-like chirps and squeaks were incessant Next 
morning I found them much exnausted and quiet ; they no 
longer bit at my fingers. A female with a young one had it 
still hanging to her breast ; but another young one I had put in 
hap-hazard from a heap was hitched up to the muslin by itself. 
I sent for a berry-laden branch of Corma coUococca. which I had 
seen strewn on the floor of the cave, but first took tne precaution 
of letting them drink, lest an abnormal thirst, produced by their 
exertions or injuries should make them t^e the juice. They 
drank eagerly, protruding the tongue— the lip [? tip], hollowed 
spoon-shape, and the bristles, evidently taking up a great quan- 
tity. They would anxiously lick it r? water] off my fingers. When 
they began to refuse more, and shake their neads at it, I tried the 
berries ; but, to my disappointment, they took little notice of them. 
A couple of hours afterwards I tried again, when it occurred to me 
to break the skin, so as to let some of the juice escape. The 
one I presented it to, after a little persuasion, began to lick the 

i'uice : he at last seemed to imderstand his new position, and 
icked away in good earnest The tongue was rapidly protruded 
and drawn in again, and the juice and softer piQp cleared away 
with great rapidity. I noticed he was very particular in clean- 
ing out the bit of loose skin of berry, and licked my fingers of 
the juice spilt on them, carefully clearing out any that had 
collected under the naiL The sensation was not at all unplea- 
sant, the tongue feeling soft and spongy, with a slight scratcning 
from the bnstles. I then got anomer berry. I'he bat was 
hanging from the edge of the box, its ventral surface against the 
side ; and as I held the berry a little off so as to see the action of 
the tongue, it had, whilst feeding, to bend the neck so as to raise 
the head a little : this seemed to fatigue it It, therefore, raised 
itself on one wrist, and turned round so that its back was against 
the box's side ; but as it did not change the position of the feet, 
of course the legs crossed, the right foot now being on the left 
side, and vice versd. In this oda position it seemed perfectly at 
ease, and went on licking at a fresh berry with great relish. Of 
course, only its chin was now visible to me. I then began 
gradually to lower the berry: it stretched first the neck and then 
the tongue to its full extent. I took it beyond reach and then 
suddenly brought it close again. It seized it with its teeth 
savagely, so that the long snaip canines of one side and the 
blunt molars held the berry, much as a dog will do when he 
wishes to bring the force of the molars to Dear upon a bone. 
This left room for the tongue still to be protruded ; for, from 
the arrangement of the minute lower incisors in a concave, the 
molars can be nearly closed, so as to hold an object, and the 
tongue still have room for protrusion. The little body trembled 
with the eagerness of his actions. As the nulp and juice he 
could thus reach became extracted, I expectea he would drop it, 
and was prepared with another berry; out, to my surprise, he 
brought up the wrists to the muzzle, took the Deny oetween 
them, gave it two or three eneigetic bites, and then held the 
berry off. So I now understood what the unusually long thumbs 
were for ; for they applied themselves dexterously to me beny, 
held it firmly, and then, as it appeared to me, by a reverse action 
of the two wrists, the berry was turned round, a fresh hold taken 
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by the teeth, and the same licking Diocess renewed, till the seed 
in l^e centre was cleared of the pulp, all but the little bit which 
served for the last tooth-hold. It was then dropped, and the 
eager little muzzle raised for more. I supplied another, and 
soon I had a little heap of seeds with bits of pulp attached, 
at the bottom of the box, exactly like those I found in the 
cave. A wounded bat on the floor found some berries out and 
began to lick them. I next tried the female with a young one, 
with precisely the same result ; only, notwithstanding her 
eagerness for food and evidently hungry state, it was affecting 
to see how constantly she stopped caremlly to lick the little one 
at her breast, lest any spilt juice should soil it. When holding 
the berries in the wrists their appearance reminded me much 
of monkeys. They now became very lively,' evidently much 
refreshed by the meal, and began to snap at my fingers. I 
covered them up in darkness, which they seemed to want. On 
my return I found the young bat which I had put in as an 
orphan had been taken by the other female, and was evidently 
sucking vigorously. It can hardly have happened that out of 
such a number I could have chosen mother and ofispring by 
chance. Perhaps the old bat, feeling the pressure of miUic, in 
this way sought relie£ The young were quite naked and blind, 
and about two inches long, but clung with great tenacity. From 
a portion of umbilical co^ still attached to one mother, I con- 
clude one had been bom only quite recently. I then took them 
and put them among the twigs of Gordia, They climbed about 
it, heads downwards, with the greatest ease. The length of the 
legs and toes, their muscularity, and the absence of any interfe- 
moral or tail, were all obvious advantages where this habit wa^ 
constant, especially the power it gave mem of turning as on a 
pivot, but without moving the feet. They twisted, within 
certain limits, like a body suspended by a stnng. They would 
thus follow a berry I moved ; but they would not pluck any of 
the beiries for themselves, seeming only anxious to get into a 
dark place. This I attribute to the unnatural hour of feeding. 
On placing them in the box^ I found, after a short time, bom 
motners had crossed the legs m the attitude before-mentioned, to 
avoid pressing the young against the side. I put them out of 
doors on a tree at some oistance from the house. One attempted 
to return, doubtless to escape the light. It lit on a plastered 
wall} and notwithstanding the encumbrance of the suckling, 
ran up the wall backwturds by the legs with creat rapiditv 
(raising the body with the wrists so as not to rub the young), till 
it gained the shelter of the eaves, whence I hope it made a com- 
plete escape, for I left Harmony Hall that afternoon. From 
these observations I would infer that we have an explanation 
of ^e much greater muscularity of the frugivorous bats than 
the insectivorous; and, further, of the use of the wrists in the 
bat." 

Bate^ however, do not confine their food to insects and fruits, 
for ihePteropuseduHa of India has been seen to skim the surface 
of water, S9atch the fish, which ascend to the surface, with its 
fe^t, and carry them to a neighbouring tree, where it may devour 
its nrey at leisure. 

Those who seek for descrij^tions of genera and species, not their 
iiabits, are referred to the series of papers by Mr. Tomes in many 
of the recent volumes of the 'Iroceedings of the Zoolo^cal 
Society,' to the synopses of genera in the ^Proceedings' of the 
same Society for 1866, and in the V Annals of Natural History,' 
§econd series, voL xvii. and to the articles by Professor Peters 
in the VMonatsberichte - of the Scientific Academy of Berlin for 
several years past. 

(Allen, Monograph of the Baii of North America, in Smith- 
sorvim MisceUcmeous CoUeetione, vol. vii ; Shortt, Proeeedmgs of 
the Zootogical Society for 1863; Osbum, Froceedvnge of ihe Zoo- 
logical Society for 1865, p. 61.) 

COAL FORMATION [E. C. vol. ii cols. 10— 28]. In the 
article here referred to this t^m is intended to apply more par- 
ticularly to the beds now usually called coal measures ; wMle 
the oUier members of the Carboniferous Formation have separate 
notices under Mountain Limsstonb and Millstonb Gbit. As 
these groups of strata are intimately connected together, we 
prefer to treat them collectively under the term Cabbonifebous 
Btsteh in K C. S. 

CCELENTERATA. [Aotinozoa, E.C.S.] 

CCEREBA. A genus of birds founded by Vieillot in 1807, 
and at present comprising 6 well defined species, according to Mr. 
Cassin, who made a caienil examination of this and alHed genera 
in 1864 (' Proc. Acad. Nat Sci. Philad.,' p. 266, 1864) ; but he 
particul^ises a few specimens which present such variations from 
the species to which they have be^ assigned as may warrant 



their being raised to specific rank. Limueus was acquainted 
with one or two species, which he described under the generic 
term Certhia; but most ornithologists now believe that Coereba is 
widely separated from the Creeper family. The creepers cene- 
rally have a dun-coloured plumage, in which brown, black, 
white, and various sombre tmts prevail, whereas the Ccsrebidof 
are gexterally remarkable for thai bright gree% blue, aiid 
yellowish colouring. The family comprises 6 genera, viz.,^ 
Goereba, Chlorophanes (1 species), Jbacnia (14 species), CerMola 
Q2 species), Goniroetrum (4 i^^ecies), Spodiomis (l species), 
Diglossa (13 species), and Diglossopis (1 species). All the forms 
are restricted to the central parts of America. 

COPPER. For what has already been said respecting this metal 
and its ores, the reader is referred to Copfeb in the Nat. Hist. 
and Abts and Sci. Divs. In the present account many of the 
facts stated in those articles will be rementioned. This repeti- 
tion is unavoidable, as the chief interest of the fjEtcts arises from 
the application that is made of them to illustrate the properties 
of copper and its compounds. 

Copper rivals iron in the u^iver8ality of its distribution, in 
the multitude of its native compounds, and in its utility; but it 
is far less abundant The constant association of copper with 
iron and of silver with copper in nature is as remarkable as the 
presence of silver in all, or almost all, gold. There is scarcely a 
ferruginous ore, soil, or water which does not contain at least a 
trace of copper, and it may be, perhaps, safely said that wherever 
iron or its compounds occur in nature there also will copper be 
found in some form or other. And probably this union extends 
beyond the limits of this earth, for even meteoric iron containa 
appreciable quantities of copper. According to some authorities 
this element occurs in all tne plants and animals which haye 
been examined for it ; thus it is said to have been detected in 
sea weed, in the fluids of mollusca, in the blue blood of Limu- 
luSf in flour, hay, eggs, cheese, mea^&c. In the mammalia, and 
perhaps also in the other classes, the copper salt generally 
accumulates in the liver rather than any other part of Sie body. 
[COPPEB, A and ScL Div. cols. 192, 1931 Some caution, how- 
ever, is required in accepting the general presence of copper in 
animals and plants, since the method adopted for detecting it is 
not always to be relied on. For example, Ulex, using al>raa8 
blowpipe, reports that every substance he examined showed 
minute traces of copper, while Lassen, who used a blowpipe 
with a glass nozzle, failed in detecting the element in many of 
the substances examined by Ulex« Lassen, therefore, inferred 
that the copper waa introduced from the brass blowpipe. Other 
metallic blowpipes, especially those with iron nozzles, may giye 
rise to a similar error. 

The abundance of its ores and the comparative ease with which 
it may be reduced from them rendered copper one of the earliest 
of the useful metals sought for by man. ArchsBologists tell ui 
that as a nation advances in civilisation it changes its weapons 
of stone for those of metal ; and that while the early Americans 
used native copper, the earl}r inhabitants of Western Europe 
employed it, in conjunction with tin, in the form of bronze. As 
yet few indications nave been met with showing that there may 
have been a period when the early Europeans used copper im<* 
plements, but it seems not unlikely there was such a period^ 
considering that tin is found in but few places, and tiie small 
probability of the processes for obtaining copper and of mulriTig 
bronze having been simultaneously di^cover^ The rarity <S 
copper implements amidst the archaic relics of Europe may arise 
from their having been melted down and converted into bronzes 

The abundance of these old implements, both in Europe and 
America, necessarily implied considerable mining activity ; but 
it was not until alK)ut 1851 that traces of the old mines were 
discovered. No tradition exists amongst the pres^it generatioii 
of Americans that their forefathers possessed copper minesjl 
neither did they themselves have any Knowledge oi such mines 
until veiy recently. The discovery was mainly a consequence 
of the copper-mania which excited the people of the United 
States during the years 1844-1847. It was in the last-mentioned 
year that an agent of one of the companies found a cave, ia^ 
habited by a number of porcupines, whicn showed signs of having 
been excavated by man. On clearing away the rubbiah he 
exposed a copper vein and several specimens of the stone mauls 
and hammers used by the ancient workmen. Further investi- 
cations showed that similar excavations, having an average 
depth of about 30 feet, were scattered thickly over an area 
nearly 160 miles in length edong the southern shores of Lake 
Superior. All the copper districts lately discovered in this 
region were known centuries ago to the then inhabitants of the 
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lan'd, and were subseauently clean forgotten. The old excava- 
tions were so completely obliterated by long continued accumu- 
lations that the site of a copper mine could not be distinguished 
from the Burroonding country, except perhaps by the mounds 
formed by its side. The trenches have oeen fillea with soil and 
decaying vegetable matter, which is said to be of gradual natural 
accumulation, while over both the mounds and filled up trenches 
several generations of trees have succeeded each other. Mr. 
Whittesley has stated that many of the trees now flourishing in 
Ae gathered soil of the abandoned trenches are upwards of 
three himdred years old, and that " on the same spot there are 
tiie decayed trunks of a preceding generation, or generations, of 
trees that have arrived at maturity, and faUen down from old 
age." There are no precise data for ascertaining either when 
these mines were worked, or by whom. 

In Spain there is another example of extensive mining oper- 
ations having been carried on many centuries ago, as well as of 
the obliteration both of the old workings by accumulated 
rubbish, and of the remembrance of them by the lapse of time. 
In this case, however, it was well known that mining operations 
had been carried on in the same district by the Romans and by 
the Sj)aniards, from the conmiencement of the Christian era up to 
the middle of the sixteenth century. From the latter period to 
1863 the mines were quite neglected. They are situated near 
Huelba, at the mouth of the river Tinto, and have been described 
by E. Deligny in the * Revista Minera ' for 1863. He thinks it pro- 
bable that the mines were first worked by the ancient Ibenans 
several centuries before the present era, and before the arrival of 
the Phoenicians in the country. The extent of the excavations 
is indicated by innumerable snafts, by the ruins of large villages, 
and by colossal heaps of debris* The time during which they 
were meet energetically worked is shown by these heaps. 
Sections of them reveal two markedly distinct kinds of mate- 
rial, the results of two different methods of treating the ore. 
The materials are arranged in regularly stratified bands, th^ 
lowermost of which belong to the Phoenician epoch, while those 
above were deposited during the time of the Romans. These 
mines are again being worked on an extensive scale, their 
development naving been mainly brought about in the following 
curious way. Early in this century the alkali trade was 
established in the north of England, and was more especially 
concentrated round Newcastle and in Lancashire. The alkali 
was, for the most part, obtained by treating common salt with 
sulphuric acid, and the sulphuric acid was made almost entirely 
hom sulphur imported from Sicily. The trade soon increased 
to such* an extent that great inconvenience was experienced fr(mi 
the msufficient supply of sulphur, and the variations in its 
price. Still farther inconvenience was fdt when its price rose 
considerably in consequence of the vine growers usmg lai^ 
qoantities to check the vine disease. The alkaU manufacturers 
tnen- sought for other sources of sulphur, and found it in the 
oopper pyrites of various countries, and amongst others that of 
Spam and Portugal in the district near Huelba. This ore, how- 
ever, contains so little copper, that it is improfitable as a source of 
that metaL but it has become profitable now that the alkali makers 
utilise boUi the sulphur and tne copper which it contains. This, 
w« may mention, is the origin of the introduction of the manu- 
facture of copper in the Newcastle district. 
• The properties of copper will next be considered ; but this 
task is beset with many difficulties, inasmuch as the facts 
recorded generally apply to copper in a more or less impure 
state, and in difrerent conditions, while no indications are given 
either of the impurities or of the conditions. Absolutely pure 
copper has consiaerable resemblance to pure iron in toughness, 
maUeability, ductility^ and tenacity, while it is equal to silver as 
a conductor of electricity. The copper and iron of commerce 
not only present wide mfferences in properties, but each comr 
prises a multitude of varieties dififerinp; from jeach other. 

An illustration of tUa ia- afforded by the specific gravity. 
Thus, in Coppkb, E, C, A. and ScL Div., the specific 
gravity is stated to be 8*78-8*9^^ according to manipulation; 
while Copper, E. C, Nat Hist Div., has 8^68. The latter 
may be a misprint, but, as will be seen presently, many 
specimens of copper may be even lighter thm this* Native 
crystals of copper have a specific gravitv of 8-94. Electro- 
deposited copper varies from 8*84 to 8*91 ; but when it has been 
wiredrawn and aimealed it is increased to from 8*91 to 8*94 
The best copper wire is generally 8*94, but in some rare cases it 
has been as mgh as 8*958, while Marcliand and Scheerer record 
a crystal of copper with a specific gravity of 8*962, which, how- 
ever, was found to contain gold, alver, and iron in appreciable 



proportions. When copper is melted, and allowed to cool in air, 
it remains quiescent at a high temperature ; but just before it 
approaches the point of solidification, the surface appears id 
boil, and a reddish haze seems to rest upon it, while globiiles of 
metal of considerable size are thrown up to a height of several 
inches. The surface then solidifies, a ndge is formed across it) 
and the whole mass of metal expands. When cold, its specific 
gravity is about 8*58, but generally somewhat less. On majdn^ 
a perpendicular section through the cold mass> witb its original 
surface uppermost, a number of elongated cavities will usually 
be seen extending from the sides to minute crater-like promi- 
nences, in or near the central ridge ; and on examining the 
metal closely with a lens its structure will be seen to b^ 
minutely vesicular. The colour is of a deeper red than in 
denser copper, while there is an absence of the silky lustre which 
charactenses compact copper. When sufficiently pure copper is 
fused under charcoal, and left to cool, no spitting occurs, the 
mass does not expand, a depression, not a ridge, is formed on th^ 
upper surface, the structure is not vesicular, and the specific 
^vity is high. The specific ^vity, then, is more Or less 
influenced hy the degree of vesieularity of the mass, and this 
depends upon the evolution of a gas. f ure compact copper has 
a definite specific gravity, viz., 8*94 at a temperature of aboiit 
60° R, and under ttie ordinary atmospheric temperature. ' 

It has just been noticed that the vesiculanty of copper is 
caused by the evolution of a gas, but there is considerable diffe- 
rence of opinion as to the origin of this gas in ordinary coppei*. 
Some authorities state that coppei*, like suver, absorbs oxygen at 
a high temperature, and gives it out again at a lower one ; 
others that cuprous oxide is formed, and subsequently de- 
composed by charcoal, with formation of carbonic oxide, which 
escapes ; and others think that oxygen, acting on the sulphur in 
the metal, may give rise to sulphurous acid. So far as we have 
examined the evidence, it appears probable (1) that the phe- 
nomenon is not due to the absorption of oxy]^n; (2), that, as 
Dick, Matthiessen, and Russell have shown, it is produced when 
copper is fosed under charcoal, with accession of oxygen, being 
then due to the second cause mentioned ; (3), that the presence 
of sulphur and formation of sulphurous acid, may occasionally be 
the efficient agents ; and (4), that it may be produced by the 
absorption of certain gases, amongst which are hydrogen and 
carbonic oxide. The fSst and second points are now generally 
admitted, the facts in favour of the third (Percy's Metalluigy, 
vol. i. p. 272) are not decisive ; so that we need refer only to me 
experiments in support of the fourth. These ^^ere made by 
Caron (Comptes Rendus, Ixiii. p. 1129). He states that when 
copper IS fused in a porcelain vessel in a current of hydrogen its 
surtace becomes covered with bubbles of gas, ,wmcb gas it 
aqueous vapour, formed by the union of the hydrogen with 
the oxygen contained in aU commercial copper. When all thd 
oxygen nas been carried off the metal is as orilliant and fluid as 
mercury. On allowing the mass to cool the surface is agitated 
with a Doiling action, due to the escape of a gas which scatters 
the metal in all directions. The cold metal is filled w;ith 
cavities, has a dull non-crystalline appearance, and a specific 
gravity of 7*2, while before melting its specific gravity was B^Q. 
The pnenomena are attributed to tne absorption of hydrogen at 
a hign temperature, and its liberation at a lower one. The sam^ 
effects are produced when carbonic 'oxide is used. When, how- 
ever, the metal is fused in a vessel composed of lime, graphite, or 
other material capable of absorbing the hydrogen o^d carbonic 
oxide, no ebullition-like effects are produced, and the metal 
retains its compactness. Fused silver and tin do not absorb 
hydrogen, but when exposed to a current of that gas their 
specific gravity is increased in (K)iisequence of being deprived of 
the oxygen generally contained iathem. 

It has been admitted that most copper contains oxygen, and it 
has been stated that the gas probably is not absorbed by the 
metal. If so, it must exist in some combined state. It is 
known that at a low red heat copper will combine with oxygen, 
and that it combines more readily with it at higher tempezat^es* 
This fact alo^e indicates the improbability of thfi gaa being 
simply dissolved when the metal 19 fused. It appears thalr 
puprous oxide is formed,, and tdiat this substance 19. soluble, ix^ 
copper. It is the presence of this ozide which re9der8 cpppe? 
what is technically known as 4ry. It causes the metal tp b^ 
brittle both when hot and when cold; to have a gm^ular« j^>|; 
fibrous, feacture, a dull lustre, and a deep purplisb red xolpov, 
The tenacity is much diminished ; thus 11 p^r cent c| i^ 
oxide deprives the metal of much of its malleabilit|r. so that 
when worked in the cold state it splits and cracks, although it 
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can be beaten out when Lot. With 1*5 per cent of the oxide it is 
brittle both hot and cold. The best commercial copper, or what 
is called tot/^^mtc^, has a close-grained fracture, a compact struc- 
ture^ a fine pale red colour, a silky lustre, and a high degree of 
toughness or malleability. In fact, it approaches very closely to 
pure copper in its properties, and yet it contains a considerable 
proportion of the cuprous oxide — frequently more than 1*5 per 
cent. There is, however, one important difference between 
tough pitch and pure copper, viz., when the former is subjected 
to a stream of hydrogen, so as to reduce the oxide, it becomes 
exceedingly brittle, loses its lustre, and acquires a high degree of 
porosity ; when pure copper is subjected to the same treatment 
its malleability and structure are unaltered. Here, then, we 
have a remarkable case of two specimens of metal almost iden- 
tical in their properties and external characters, which, when 
subjected to the same treatment, may be rendered totally unlike ; 
the one may be bent backwards and forwards frequently without 
breaking, while the other will snap rather than bend. And we 
have the further apparent anomaly that the metal is malleable 
when pure, but on aading 1*6 per cent of ciiprous oxide it be- 
comes brittle, ^pnanular, dull, and dark red ; while the other 
specimen contains 1*5 per cent or more of the oxide, is 
malleable, fibrous, silky m lustre, and pale red, but on reducing 
the oxide to the met&Llic state the mass becomes brittle, dark 
red, dull, and nanular. The explanation, according to Karsten 
and Percy, is that the presence of small quantities of cuprous 
oxide, or of certain metals, such as lead and antimony, renders 
pure copper brittle, but if cuprous oxide is present vfith the 
metallic impurities, the copper retains its malleability. 

Minute proportions of impurities also have a marked effect in 
dimimshing the conducting power of copper for electricity. 
Thus, calling the conducting power of silver at about 16° C, 100, 
Mattniessen foimd that unmelted electrotype copper would be 
represented by 93*46 at 20^*2 C. Assuming this Kind of copper 
as a standard, and calling its conducting power 100 at 15°'6 C, 
he obtained the following results. Except where otherwise 
stated, the coppers are commercial, and all the specimens were 
in the form of annealed wires. 

Co|^«^8 Temperature. 

Pure electro-deposited copper .... 100* 15** -5 C. 

Lake Superior, natire, not fused . . . . 98'8 „ 

Ditto, fused, as it comes into commerce. Con- 
tained traces of iron, cuprous oxide, and sHrer 92*57 15* C. 

Burnt Burra. Traces of iron and cuprous oxide 88'86 14* '0 C. 

Beet selected. Traces of iron, nickel, antimony, 

cuprous oxide, ftc 81*35 14**2 G. 

Brignt copper wire. [Impurities in it not 

known.] 722 15*-7C. 

Tough cake. Traces of lead, iron, nickel, anti- 
mony, cuprous oxide, &c 71*03 17**3 C. 

Demidoff. Traces of arsenic, iron, nickel, cuprous 

oxide, ftc 59-34 12*7 G. 

Bio Tinto. 2 per cent arsenic, and traces of lead, 

iron, nickel, cuprous oxide, &c. . . * 14*24 14**8 C. 

These results were obtained with what Matthiessen terms 
ordinary experimental care, but more recently he has performed 
another set of experiments upon the conducting powers of metals 
in which great as distinc;uished from ahsolvie care was employed. 
These later results are thus stated by him. The figures express 
the resistances of one ^rainme weight, having a length of one 
metre in terms of the British Association umt of electrical re- 
sistance. They therefore show the absolute amount of resistance, 
but as we only wish to refer to the relative resistances, we need 
not stop to indicate how. 

Copper *1469 

Silver *1682 

Oold *4150 

Oold-silyer alloy 1*668 

Lead 2*257 

Mercury 13*06 

From which it appears that pure copper is a better conductor 
than pure silver, and that unmelted electro-deposited copper is 
inferior to pure copper. As the specific gravity of the copper 
which conducts better than silver is not stated by Matthiessen, 
a conjectural explanation of the difference is offered. Electro- 
deposited copper has a somewhat lower density than most other 
compact pure copper, and even when made into annealed wires 
it ranges from 8*91 to 8*94, as already stated. Moreover, such 
copper generally contains traces of sulphur derived possibly 
fipom the solution of sulphate of copper from which it has been 
deposited. The combination of low density with the presence 



of sulphur would lessen the conducting power, and may have 
been present in the standard copper. Supposing, however, it 
was free from sulphur, a difference might be produced according 
to the care bestowed upon drawing the wire. It is exceedingly 
difficult to obtain a good wire, so that doubtless a better one 
would be obtained with great than with ordinary care. 

Stated shortly, then, the physical properties of copper are that 
it is 8*94 times heavier than its own Dulk of water, or 99,931 
times heavier than an equal volume of hydrogen at a tempera- 
ture of 0° C, and under an atmospheric pressure of 760 milli- 
metres ; that it has a pale red colour, a fibrous compact structure 
free from porosity visinle with an ordinary lens, a silky lustre, a 
high degree of malleabilitv both hot and cold, and a specific heat 
of *095 ; that its malleability is not diminisned by fusing it in 
hydrogen, ammonia (gaseous), or carbonic oxide ; that it con- 
tracts on solidifying ; and that it probably surpasses silver in its 
power of conducting electricity. If its specinc gravity is les- 
sened, or if it contains impurities, these properties will be more 
or less modified. Nothing has been saia as to the fusing point 
of pure copper, because all the writer knows is that PouiUet 
estimates it at about 1500° F., and Daniell at about 2538'' F. 
Both cannot apply to pure copper, and perhaps neither does. 

The chemical properties of copper will now be considered, but 
the description of these also has its difficulties, for want of know- 
ing what are the precise surrounding conditions re<^uisite to pro- 
duce certain definite effects, and what is the physical condition 
of the copper. 

In dry air or oxycen compact copper is unaffected at ordinary 
temperatures. On neating it to redness it combines with the 
oxygen to form the cuprous oxide, which contains 11*2 per cent, 
by weight of oxygen. This oxide melts between a bright red 
and a white heat. If, however, the metal is in a finely divided 
state cuprous oxide is formed at a temperature far below redness. 
The cuprous oxide mav be heated to redness for a long time 
without passing into the cupric oxide, which contains 20 per 
cent, of oxygen ; but if it is first powdered, and then exposea to 
the same temperature, it rapidly passes into the cupric oxide. 

Moist oxygen has no effect on compact copper, but if assisted 
by a weak acid, say carbonic acid, car Donate oi copper is formed 
at the ordinary atmospheric temperature ; and ii assisted by 
alkaline and saline solutions, one or other of the oxides is 
formed. It combines (when compact) with mercury, and (when 
in filing) with chlorine at ordinary temperatures^ and at a red 
heat with sulphur, selenium, silicium, and all the metals. 

Although copper and its ores are so widely distributed that 
scarcely a country or geolo^cal formation is without them, yet a 
study of such distribution leads to the recognition of a few im- 
portant general truths. The most abundant ore is copper pyrites, 
and next to it, perhaps, comes copper glance ; these ffenerallv 
occur either in true or in segregatea veins in hard ana crvstai- 
lised rocks, the age of which is generally assigned to the lower 
Silurian period. The other ores, such as the oxides, carbonates^ 
and, ^nerally speaking, all whicn contain oxygen as an essential 
constituent, occur sometimes in segregated veins, but more com- 
monlv dispersed through a sedimenti^ stratum ; they are also 
found in the more or less decomposed upper portions of the 
pyritous veins. Native copper is found imder the same conditions 
as the oxides, carbonates, &c. The members of this second croup 
are found in strata of Silurian or post Silurian age. It indudes 
the silicate (dioptase), which it ma^ be noticed is rare as an ore — 
a circumstance which, taken in conjunction with the abundance of 
the sulphides, Ib a cooa iQustration of therelative chemical affinities 
of silica and sulphur for copper under most natural conditions. 
In this respect copper somewnat resembles iron, but there is one 
marked difference between them, viz., that although their respec- 
tive silicates are rare, the oxides of iron frequently form an impor- 
tant constituent (or are present in small quantities) in many com- 
pound silicates, while the oxides of copper are so rare in silicates 
that we do not know that a single instance has been recorded of 
a native silicate which contains even 1 per cent. Many of the 
rocks of Malvern and elsewhere contain traces or quantities of 
less than 1 per cent There are a few instances of artificial 
cupriferous compound silicates, such as the orthoclase-like 
cr^tals found in the copper-smelting furnace at Sangerhausen, 
which contained *30 ana less per cent, of cupric oxide. The 
relation observed between the sulphuretted and oxidised copper 
compounds seems to indicate that the former are the first formed, 
and that the latter are derived from them by the action of the 
oxygen and carbonic acid of the air or of the waters. In speak- 
ing of the sulphides as being first formed, we refer only to their 
mode of occurrence in veins, >vithout >vi8hing to convey any 
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opinion as to how they came there, or to the previous history of 
tlieir constituents. The metal may or may not have been in the 
state of oxide, carbonate, &c., long before it entered the vein as 
sulphide. 

Let us then see whether the minuter details do or do not 
support these general inferences, and for this purpose we propose 
to consider a few of the principal cupreous deposits, and to take 
them up somewhat in the order of their geological age. 

The ores occur in several distinct ways. Sometimes they are 
disseminated through a sedimentary bed ; sometimes they are 
collected at the junction of two dissimilar rocks ; sometimes they 
form segregated veins ; and sometimes true veins. 

Most of the deposits found in the oldest or most crystalline 
rocks occur as true veins. It is only in a few instances that 
geologists have been able to ascertain the age of the rock which 
they traverse, and therefore all those presenting certain chanic- 
ters are here assigned to the Pakeozoic period, which embraces 
all rocks earlier than the Trias. 

The copper mines of Norway are the most northern of those 
worked m Europe, and probably their ores are (geologically) 
the oldest known. At £[aafjora, where slates and what are 
called igneous rocks are in contact, the ore occurs in veins in 
the latter, and rarely in the former. At Raipasvara Mountains 
similar veins are developed in a crj'stalline limestone. At 
Bandag a vein traw'erses crystalline schists near their junction 
with a granitoid gneiss, and contains quartz, mica, copper pyrites, 
erubescite, galena, blende, and native silver. At Noesmark and 
Mosnap cupreous sulphides are contained in the veins of granite 
which pass into mica schist ; while at Moberg similar ores are 
contained in the quartz veins which cut through homblendic 
schists. When these schists are soft some of the ores are met in 
them, also, in the neighbourhood of the intruding veins. At 
Haukum tne mica schist contains nodules of gramte, in which 
erubescite occurs associated with molybdenite, garnet, epidote. 
and traces of copper pyrites, while cavities in the nodules hold 
native silver, heulanoite. and laumonite. At Roraas the ores 
are disseminated througn chlorite slate, so as to form metal- 
liferous layers or fahlhands parallel with the bedding of the 
rock. This last is the usual mode of occurrence in Sweden, 
as at Areskuttan, Qustavsberg, and Garpenbeig. The deposits at 
Fahlun may also be of the same kind, but they have a peculiar 
character. The ore is mainly copper pyrites ; it is intimately 
associated with chlorite, and is so arranged in curved undulating 
lines that the rock appears to be made up of little oval masses, 
which are called skolar by the miners. Galena and blende are 
also associated with it. 

In Cornwall the ores are mostly in veins situated near the 
junction of the slates or killas and the granite. The most 
abundant are copper pyrites and copper glance ; and they are 
most highly developed sometimes in the slate, and sometimes in 
the granite. They occur in bunches or large lumps in a gangue 
chiefly composed of quartz or fluor spar, and are generally con- 
sidered to be more concentrated in the pale blue coloured slates 
than in those which are reddish or brown ; and in the soft 
granite than in the hard. Carbonate of lime, barytes, and 
woltem are rare, while iron pyrites and chlorite are common 
associates of the copper ores. The chlorite is more particularly 
abundant where the richest ores are met with, while the fluor 
spar is especially characteristic of the St. Francis, Bassett, Buller, 
Kelly, Bray, Qunnisl^e, and Bedford United mines. Qalena 
and blende are of general occurrence. These remarks apply 
only to the deeper part of the lodes. The upper portions are 
generally more or less decomposed to a deptn ot from 150 to 
200 feet, and form the gossan of the Cornish, the eisemen Hut of 
the Germans, and the chapeau defer of the French. The charac- 
ters which it presents afford useful indications of the value of 
the deeper part of the lodes. It is composed of a mixture of 
quartzose matter and peroxide of iron, containing variable quan- 
tities of the oxides, carbonates, ana arsenates of copper and 
other metals. Gk)ld and cassiterite are frequently present in 
considerable quantities. These, in fact, are tne products which 
we should look for as a consequence of the action of water con- 
taining oxygen and carbonic acid upon copper pyrites or on 
copper glance and iron pyrites through. which gold and cassi- 
terite are sparingly distriouted. The oxygen ana water oxidise 
the sulphur, copper, and iron ; the sulphunc acid thus generated 
readily combines with the cupric oxide to form the somble sul- 
phate of copper, but does not combine with the ferric oxide. 
The latter combines with water and passes into the insoluble 
hydrated ferric oxide, und this i-emains oehind with the insoluble 
gold and cassiterite. Sometimes the oxides of copper do not 



combine with sulphuric acid, but remain as cuprite, melaconite, 
or copper smut, and tenorite ; under other circum'stances the 
carbonates, malachite and chessylite, are formed, and frequently 
oxides and carbonates occur together. The association of these 
oxidised forms of copper ore with the conditions that evidently 
facilitate the action of moist oxygen and weak acids will go far 
to explain why these forms are so predominant in the sedimentary 
beds, as will oe noticed presently. The age of the formation of 
the gossan is subsequent to that when the vein was filled with 
the sulphides and their gangues. 

Some of the Austrian mines appear to have a resemblance to 
the Norwegian. Those at Tachauer, Schmelzthal, Grasslitz, and 
Gursaupa are principally worked in veins containing copper 
pyrites, and traversmg crystalline schists. At Hohenthal in 
bilesia the copper and iron pyrites form a bed in crystalline 
schists, and are accompanied by malachite and chessylite. 

The most remarkable deposit in Italy is that at Traversella in 
Piedmont. It appears to occur at the contact between syenite 
and mica schist, and to be composed of magnetite through which 
other minerals are distributed. Copper pyrites is met with in 
lai^e lumps, while hsematite, galena, blende, pyrrhotin, mis- 
picKel, antimonite, molybdenite, fluor spar, calcite, dolomite^ 
mesitin spar, quartz, chlorite, garnet, augite, hornblende, and 
traverselhte also occur. 

The mines of the south of Spain and Portugal are mostly 
situated on a vein which extends from Rio Tinto m Spain to the 
Atlantic shores of Portugal, and which has been followed for 
150 miles. The principal ore is iron pyrites, through which 
threads of sulphioe of copper ramify in all directions, while 
small quantities of galena and blende occur at intervals. The 
vein is situated in a rock intermediate in character between an 
argillaceous schist and a mica schist, amidst which considerable 
thicknesses of quartziferous porphyry is interbedded. The line 
of the metalliferous zone is well defined by the ' iron hat ' which 
covers it, so that it is readily distingiushed &om the neighbour- 
ing schists. Mineralogically this is a ferruginous rather than a 
cupreous deposit, but it is mentioned here since it derives much 
of its commercial value from the copper it yields. 

The mines of the Cape of Grood Hope occur in gneiss and 
granite. The ore is copper pyrites associated with molybdenite|. 
as also with the oxides and hydrosilicate of copper. Several 
lumps of native copper and gold have also been found. 

The precise age of the foregoing has not been determined, but 
the phenomena they present suggest that while most may be pre- 
Silurian, the Rio Tinto vein wm possibly be found to belong to 
the Silurian formation ; those of Cornwall are in Devonian 
strata; while those which we are about to mention certainly 
occur in Silurian rocks. At Pfundererberg, a few miles to the 
north of Klausen in the Tyrol, three veins occur in an argillaceous 
mica schist associated with porphyry. They have a strike of 
N.E. to S.W., and dip at a high angle towards the S.E. The 
gangue is principally quartz, and the ore varies according to the 
depth, being argentiferous galena and blende at the top, copper 
and iron pyrites lower down, while still lower the iron pyrites 
gradually disappears, until copper pyrites is ^one met with. A 
short distance south, and to tne east of Trent, is a range of 
granite rocks bordered on both its north and south flanks by 
mica schist. In this district are several quartzose veins bearing 
copper pyrites, which have a N.N.E. and S.S.W. strike and an 
almost vertical dip. Farther eastward, in the neighbourhood of 
Salzburg, occur another set of deposits of a somewhat different 
character. The copper pyrites occurs in beds in chloritic scMst 
conformable with those of the containing rock, and like them 
having a northerly dip. These localities are on the north slope 
of the None Alps. On the southern flanks of the same Alps, 
near Brunecken, there is a similar bed of copper pyrites inter- 
calated amongst chloritic schists, and dipping with them towards 
the south. Copper pyrites occur under the same circumstances 
in the valley ot the Moll in Carinthia, so that this is apparently 
an eastern extension of the deposit near Brunecken. Tnere are 
other localities still further east, near Leoben and Eisenerz, where 
the chlorite schist seems to have more the character of an argil- 
laceous schist containing a little chlorite. It is very unusual 
for copper pyrites to occur thus in stratified layers without being 
accompanied by oxides and carbonates. The deposits on the 
east flanks of the Ural Mountains are situated in an lipper 
Silurian limestone, but they have much the appearance of havmg 
been introduced long subsequent to the formation of the lime- 
stone itself. The limestone is interbedded with trap, and at 
the line of contact between the trap and limestone are layei-s of 
day ii\ which the copper ores, mostly red oxide and uiaLichite, 
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are found in bunches and nests. Occasionally immense blocks 
of malachite lie in the hollows of igneous rocks mixed confusedly 
with fragments of the neighbouring strata. One such mass had 
an estimated weight of 580 tons, and according to Whitney 
" appears to have oeen deposited from a cupriferous solution in 
a manner analogous to that of a stalagmite.'' The rarity of 
copper pyrites and other sulphides in these Russian locidities 
contrasts strongly with the predominance of those compounds 
in the Silurian strata of the Tyrol and Austria. 

The copper ores of the olaer rocks of America will now be 
considerea. On the north shore of Lake Huron metalliferous 
veins occur in a gangue of quartz, situated in a hard quartzite 
interbedded with tnick masses of trap. These rocks have been 
assigned to the age of the Potsdam sandstone, the lowest of the 
foBSiliferous rocks of the United States, and corresponding pro- 
bably to the LinmUa flags of Great Britain. As, however, sand- 
stones and conglomerates, continuous with those which contain 
the copper ores at Keweenaw Point, overlie them, the Lake 
Huron deposits must be older than those of Lake Superior, 
These latter are generally admitted to be of the age of the Pots- 
dani sandstone, and if correctly so, then the Lake Huron 
deposits are of jjre-Potsdam age. The ores are entirely sul- 
phides, and principally copper pyrites. 

The copper ores occurring along the eastern slopes of the Ap- 
palachian MountaiQS from Vermont in the north to Georgia in 
the south, upwards of thirteen degrees of latitude, have a marked 
community of character. They form segregated veins in the 
most highly crystalline rocks, whose strike conforms with that 
of the axis of the range. The principal ore is copper pyrites, 
but the upper parts of the veins are frequently capped with 
gossan, composed of oxides of copper and iron, erubcscite, and 
the carbonates of copper. So similar are these deposits that the 
description of one ymL apply in all general points to the others. 
The Springfield copper mine in Maryland may be taken as an 
example. The description we quote is given by Whitney, as 
iKLsed upon a manuscript account by Mr, Dieffenbach. "This 
mine is situated in Carroll county, about one mile north of the 
Sykesville station of the Baltimore and Ohio Railroad. At this 
point the vein runs N. 25** E. ; it underlays 13° to the S.E. for 
the first sixty feet, then descends vertically for the next forty 
feet, then underlays 8® to the N.W. for a depth of 100 feet, and 
from that point, so far as it has been opened, a depth in all of 
240 feet, it descends perpendicularly. The vein is twenty to 
twenty-four feet wide at the surface, and in depth never falls 
below six feet At the surface, and for a depth of sixty feet, it 
consists of quartzose, ma^etic, and specular oxides of iron. Here 
capper ores^b^^^ to be foimd disseminated in the vein, and the 
quantity increases with the depth. Copper pyrites predominates 
with some variegated ores ; iron pyrit^ is alao invariably found 
in the vein, and is sometimes auriferous." This vein was first 
worked for its iron, but subsecmently for its copper. At first 
scarcely any copper was met with, but at a depth of about 100 
feet the ores yielded about 13 per cent, of the metal; at 160 
feet about 15 per cent.; and at 240 feet about 20 per cent. 
Were we to quote fifty other descriptions, we should find the 
following general features : a north-easterly strike ; a slight dip 
near the surface, increasing to a high one or to verticaUty lower 
down; a preponderance of iron oxides at the top, gradually 
giving way to copper pyrites in descending; and the general 
occurrence of aunlerous iron pyrites. The containing rock is 
either a talcose, a chloritic, or a homblendic schist. The Ten- 
nessee veins are characterised by most of these general points, 
but they present a slight variation, which renders them more 
especially noticeable. The gossan is more than usually abun- 
dant, and between it and the undecomposed portion of the vein 
is a thick black band composed of copper smut, or tenoritef 
mixed with a little siliceous matter, sulpnide of iron, and sul- 
phate of copper. The peculiarity here is the accumulation of 
the black oxide of copper, which is probably due to the high dip 
of the enclosing schists, and to the position of the outcrops of 
the veins at the summits of ridges. According to Whitney, these 
schists are of lower Silurian age, but the following facts seem to 
indicate they are pre-Silurian. They belonc to the oldest 
croups of rocks in Tennessee, and are overlaid unconformably 
by the Chilhowee sandstones, which are the representatives of 
the Potsdam sandstone of the United States. 

As already indicated, the copper deposits of Lake Superior 
occur in beds of the age of the Potsdam epoch. In most parts of 
America tiiis period was marked by an accumtdation of sand' 
stone of remarkable purity, followed by a limestone. The 
deposits are usually almost horizontal, and not more than a few 



hundred feet thick. In the district near Keweenaw Point they 
acouire a thickness of several thousand feet, OAving to the inter- 
beading of immense masses of igneous rocks, while the strata are 
much disturbed.^ This * Trap Rang^* as it is called, has a width 
of from two to six miles, ana extends in a N.E. and S.W. direc- 
tion from Point Keweenaw to far away into Wisconsin. It con- 
sists of three or more nearly parallel ridges, made up of a series 
of compact granular, amygdaloidal traps, with occasional inter- 
calations of sandstones and conglomerates. The lithological 
character and mechanical structure of the trappean rocks is 
described as being variable. The usual mineral constituents are 
labradorite and augite, with a smaller proportion of various 
other minerals, among which magnetite, chlorite, and epidote, 
are the most abundant, while zeolitic minerals and calcspar 
occur as accidental ingredients. The ore is mostly native copper, 
which occurs in small masses and grains toseminatai through 
the trap, and occasionally in minute quantities through "me 
associated sandstones and conglomerates. The cavities of the 
trap are filled with calcite, quartz, chlorite, and zeolite. The 
great peculiarity of this district is the predominance of native 
copper, and as its occurrence in this form rather than any otiier 
is a matter which has to be explained, a few remarks seem 
necessary as to the use of the worn trap, which will frequently 
occur in the remainder of the article. This word is adopted 
here because Whitney and other authorities liave employed it, 
and because we know no substitute for it. Whitney evidently 
considers all the traps as ancient volcanic lava-flows, since he 
states it is apparent, from their mode of formation and position, 
that they were poured out from the interior of the eartn at the 
time the deposition of the sandstone was going on, from a series 
of fissures which extended alon^ the line now occupied by the 
metalliferous formation. In the more elevated and central 
portion of the range the igneous rocks predominate, containing 
mtercalated beds of conglomerate of very inconsiderable thick- 
ness, between heavy masses of trappean rock. As we recede 
from the hue of igneous action in either direction, we find that 
the belts of trap become thinner, the conglomerate predominates, 
but gradually aisappears and is succeeded by the sandstone with 
its normal character. There are, however, two well marked 
kinds of trap, the one crystalline and compact, or a greenstone, 
and the other amygdaloidal. The greenstone yields little or no 
copper, while all the best workings are connected with the 
amygdaloidal variety, more especially where it presents the 
most distinctly bedded structure. It is also noticeable, that 
even in the case of fissure veins the copper is abundant in the 
amygdaloidal, but is immediately impoverished on entering the 
compact trap. In North Wales a striiincly similar condition of 
things prevailed at an epoch which, geologically spealdng, was 
not widely separated in time from the volcanic eruptions of 
Lake Superior. Grits and shales occur amidst masses of vol- 
canic matter, rivalling those of America in thickness. Here 
also the volcanic matter is thickest about certain centres, and 
gradually diminishes as we proceed from those centres, while the 
grits and shales as gradually acquire greater development. Here, 
also, the traps are divisible into two groups, the compact and 
amygdaloidal, the latter containing quartz, calcite, and chlorite 
in cavities. Indeed, there is so much resemblance between 
the rocks of the two areas that it is difficult not to believe 
that they were formed or placed in position under wtnil^r con- 
ditions. The North Wales district has been carefully surveyed 
by Professor Ramsavj and he repeatedly refers to the great diffi- 
culty met with in distinguishing the various kinds of volcanic 
rocks. His researches, however, led him to the conclusion that 
whereas the compact traps, t.«., the greenstones and felspar por- 
phyries, are intrusive, those which present a somewhat brecciated 
and amycdaloidal character are formed from the deposition of 
volcanic dust in the sea. It seems by no means improbable that 
farther researches will show that the amygdaloidal traps of Lake 
Superior are felspathic ashes originally strewed over the bottom 
of a sea. The cupreous deposits associated with eniptive rocks 
in the Philippines and in Cuba, appear to have great analogy 
with those oi Lake Superior, 

Whitney divides the mines of the Lake Superior district 
into four groups, viz. : (1) Keweenaw Point ; (2) Ide Royale : 
p) Ontonagon; and (4) Portage Lake; of which the first ana 
fourth only require notice here. In the first region the belt of 
metalhferous trap commences at the eastern extremity, and, 
like the land, gradually curves round towards the south. It is 
formed of two principal ranges, known as the greenstone and 
Bohemian. The greenstone is composed of a rock very similar 
to dolerite, and is several hundred' feet thick ; beneath it lies a 
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conglomerate and a tiiin deposit, which Whitney desctibes as 
being Hke a consolidated volcanic ash or mud deposited on the 
floor of the ocean ; beneath this again comes an amygdaloidal 
trap. Copper occurs in the ash-like bed. Most of the mines of 
Keweenaw Point are, however, worked in fissure-like veins^ 
which strike right across the range, and are richest where they 
pass through the amygdaloidal beds. The gangue is principally 
quartz, accompanied by calcspar and zeolites, of which prehnite 
and laumonite are the most common. Many of the veins have a 
brecdated i^pearance, as though made up of fragments of the 
adjoining roots, cemented together by quartz. Tneir strike is 
almost uniformly identical, and their dip is neariy vei^caL 
The copper occurs amidst the gangue in pieces varying from 
specks to masses weighing hundreds of tons. One blocks found 
between trap and conglomerate, was forty feet in length, and 
was estimi^bed to weigh 400 tons, and to contain 90 per cent, of 
pore metaL It is remarkable that where these luge blocks 
occiff, the rocks for a considerable distance around are percept 
tibly impoverished, Indicating, apparently, that it had been 
formed in some way by the aggregation of smaller particles. It 
is also remarkable that many of these blocks contain radiated 
nodules of prdmite. 

The trap ran^e of Portage Lake is formed of several zones, 
each of which is bounded by a conglomerate and sandstone. 
Each zone presents well marked peculiarities in the nature of its 
metallic deposits and of the minerals which accompany them. 
Passing from east to west, there are four zones known as Isle 
Royale, Pewabic, Hancocl^ and South Lode. They have been 
studied bv Messrs. Williams and Blandy, whose description is 
mainly followed. The Isle Royale zone is about a mile and a 
half wide, and is bounded on each side by belts of conglomerate. 
Tlie so-called lodes contain a large amount of epidote, but calcite 
is comparatively rare. A larger proportion of the copper occurs 
in big lumps tlian in the other zones. Near the eastern limit of 
this zone sulphides have been met with in considerable quanti- 
ties, associated with quartzose vein matter and the arsenides of 
copper, Whitne3^te imd Domeykite. The PewaMc zone sests on 
the rocks fonning the Isle Royale series, but is separated horn 
them by a copper-bearing conglomexate and a contact vein. 
Epidote is here rare, while calcspar and laumonite are abundant. 
No sulphides have been met with. The Hancock zone is about 
000 feet wide. Here, as in the previous zoneci, the copper is 
found m the amygdaloidal triK), but the associated mineral is 
chiefly chlorite. The South Lode zone rests on the Hancock 
series, and is about 2100 feet wide. The amygdaloidal traps are 
subordinate in importance to the sandstone ajod conglomerates, 
and have yielded mit little copper. 

The trap rooks of the Portage Lake series widen out towards 
the N.E., so that probably the traps in that direction may be 
continuations of tiiose of JPoitage Lake, but with new beds in- 
tercalated between them. Towiuds the S.W. the rocks thin out^ 
but in the Ontonagon district they again thicken and present 
characters scarcely distingnishable from the Isle Royale zone. 
Thus the copper is principally associated with epidote, and sul- 
phides of copper have been met with. 

The most important copper mine of Missouri, that of Stanton, 
is situated in a limestone assigned to the Potsdam epoch, but 
the character of the deposit has no resemblance to that of Lake 
Superior. The limestone is that called the Third Magnestan 
Limestone by Mr. Swallow, the gedodLcal surveyor of the State, 
and above it the Second Sandstone lies oonformably in other 
parts of the State, but which appears to have been denuded at 
Stanton. The limestone has a slicht dip towards the soutL 
At Stanton there is what looks luce a fissure of considerable 
width| unaccompanied by any fisiulting of the strata, and filled 
up with a debris of sandstone apparentiy belonging to the 
Second Sandstone of Swallow. Th^ ores found were chicly 
malachite and peroiide of iron, whUe sulphide of copper was 
present in small quantity. The formation of the fissure appears 
to be geologically very recent, while the filling up was evidently 
from above. 

Some of the Canadian deposits resemble those of Lake Sup^ 
rior ; thus, at St Flavien is a thick mass of amygdaloidal dionte, 
which contains crystall of quartz and calcite, aceompannd by 
native copper. While others more resemble those of Austria; 
thus, at Ascot and Leeds copper pyrites occurs in veins traversing 
micaceous schists, aasodatea witn chloritic rocks. 

No workable accumulations of copper ore appear to have been 
met with in American rocks of Devonian or carboniferous age. 
Forbes mentions, in a cursory wqy, cupreous veins in the carbo- 
niferous formation of Vancouver's island. 



The great m^ority of the cupreous deposits in rocks of later 
age than the ralaeozoic era are of a purely sedimentary cha- 
racter. They are most abundant in Permian and triassic strata, 
but a few have been recorded in the oolitic, cretaceous, and ter- 
tiary formations. The best known example of Permian date is 
the Kupferschiefer, or copper slate of Mansfeld in Prussia. 
The ore is disseminated through a bituminous marly slate, re- 
markable for the number of fish remains which have been found 
in it. At Mansfeld the slate has a thickness of frcmi 10 to 20 
indies, but tiie ore is most concentrated in a portion from 3 to 
5 inches thick. The copper occurs as sulphides, oxides and 
native metal, i«,, as o(»»per glance, copper pyrites, erubescite, 
tetrahedrite, tenorite and cupnte ; and tnese are associated with 
iron pyrites, galena, blende, iron ochre, nickel ochre, molybdenite, 
and oceasionflJly native antimony, bismuth, and arsemc. This 
stratum, or one occupying a similar position, has a wide geo- 
graphical distribution. Thus, it is met with at £isleben and 
San^erhausen near Mansfeld; it occurs in a large elliptical 
I)atch between Prague and Koniggratz in Bohemia, but the 
principal ores in this part appear to be the green and blue car'- 
Donates, and the black oxiae or copper smut ; it is again met 
with at Riechelsdorf, wh^e the fisnes are covered wim a thin 
coating of copper, indicating that the animal remains have ef- 
fected the reduction of the metal; and analogous beds of the 
Zechstein of Russia have copper ore, chiefly the green car- 
bonate, disseminated through them. Again, in Switzerland the 
Seinf conglomerate, which probably belongs to the Rothliegende 
or lowest division of the Permian series, and is overlaid by a 
quartzite and dolomite assigned to the Zechstein, contams 
copper ore both in veias and beds. The veins have a high 
easterly dip, and are composed of a grey felspathic rock asso- 
ciated with a green, talc-like mineral, quartz, and calcite. Some- 
times the gan^e is composed almost entirely of a reddish- 
vellow magnesian carbonate of lime, and then the minerals 
become richer and more abundant The ores are argentifeious 
erubescite, copper pyrites, iron pyrites, tetrahedrite, molyb- 
denite, heematite, and a little native silver. With these occur 
chrysocoUa, malachite, chessylite, and other minerals indicating 
the action of carbonated waters upon the sulphides. The veins 
are thin when the rock is hard, out widen out when it is soft 
Jn the latter case the rock bounding the vein contains more or 
less ore disseminated through it Tae veins strike through the 
conglomerate as well as the overlying quartzite and dolomite. 
The layer of ore is confined to the conglomerate. This bed has 
a thic kn ess of about 7 metres, and consists of quartz accompanied 
by dolomite and talc The ore occurs in minute threads rami- 
fying in all directions, and composed of grey copper or tetra- 
hednte, erubescite ana cojmer glance. M. Troger attributes the 
presence of the ores in this oed to its having been connected with 
cupreous springs flowing out at the borders of the Permian Sea. 

Next we come to a group of Triassic deposits. The first to be 
noticed is that in which the copper mines of Vaudrevange and 
its neighbourhood are situateo. It occurs in the upper part 
of the Vosgien Sandstone series, which extends from Sarre- 
briick to Longueville in one direction, and from St Avoid to 
Sarrelouis in another. The copper occurs in the form of the 
two carbonates malachite and chessylite, which are distributed in 
nests, nodules, crusts, and threads. The beds containing them 
belong to the lowest part of the ' gr^ bigarre ' or Bunter Sand- 
stone. The Werfen schists of Cumiola, which are assigned to 
the lower trias by some geologists, and to the upper trias by 
others^ are remarkable for the copper ores they contain. At 
Ohes^, in France, copper ores occur at the junction of mica 
schists with beda belonging to the ^ aia bigarr^' In the older 
sdiists the ores were pjmtous, but in tne overlying sandstone they 
were principally malachite, chessylite, black oxide or tenorite: 
and zed oxide or cuprite. In Massachusetts, Connecticut and 
several of the neighbouring states, there is an extensive series of 
sandstones associated with traps which is generaUy called the New 
Red Sandstone, the age of which is somewhat uncertain ; but the 
general opinion is that they are triassic The copper ores are most 
abundant at the junction of the sandstone with the traps, and con- 
sist mainly of cuprite, the carbonates, and some native copper. 

The copper ores at Tsiklova, in the Banat, are believed to 
occur in tne oolitic strata. Those of Jamaica are of cretaceous 
a^. Thev occur in cavities in a limestone containing Eipp^ 
ntet, whicn is associated with a quartzose porphyry, itself tra- 
versed by cupriferous veins. The ores are prmcipally the sul- 
phides and the gangue quartz, or quartz and sulphate of baryta. 
In Algeria there is anotner deposit of cretaceous age. On the 
shores of La^ Djendeli, in the province of Constantine, tetra- 
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hedrite occurs in quartz veins in a hard, fine-grained rock, which 
is called by Cocjuand a jaspe or jasper. As this name has fre- 
ouently been applied to a felspathic rock, it is not improbable 
tnis also may be one. Sulphate of baiyta occurs in some of the 
cavities, and the tetrahedrite passes by decomposition into mala- 
chite and chessyHte. The jasper contains Ohama ammohia, a 
fossil characteristic of the Urgonien stage. 

Such is a rapid summary of the geological and geographical 
distribution of the copper ores. The facts are not sufficiently 
precise to enable us to give any definite explanation as to the 
origin of the ores ; but tne neat variety in the modes of their 
occurrence suffice to show that the same explanation will not 
apply to all districts. There are, however, a few conclusions 
which seem to be supported by the evidence derived from every 
district, viz., that when the copper ores are deposited in true 
fissure veins they are invariably sulphides ; when they have 
been manifestly exposed to the action of air and superficial 
waters they are converted into oxides, carbonates, silicates, &c. ; 
that the sulphides predominate in the earlier rocks, while the 
oxides, &c., are more prevalent in those of later origin ; that, 
adopting Lyell's grouping, the ores are most concentrated in two 
periods, the one embracing the upper Cambrian and lower 
Silurian, and the other the lower parts of the Permian and 
Triassic series ; and that it is probable that all native copper 
has been reduced from its compounds, generally the sulphiae or 
arsenide. The frequent association of these ores with rocks 
which may be classed together as metamorphosed clays, and 
with others which appear to be old volcanic ashes, is a strongly 
marked feature in their history, as also is their more intimate 
association with quartz, chlorite, and epidote. 

CRAG. [Tertiary Strata, E. C. S.] 

CROCODILIA. An order of reptiles which embraces all the 
forms noticed in the articles Alligator, E. C. vol. i. cols. 120 
— 126, and CROCODiLiDiB, K C. voL ii. cole. 196 — 207. It ex- 
emplifies the constant tendency of modem scientific efforts to 
raise the rank of a ^up, for it is almost co-extensive with 
what Cuvier called the genus Grocodilus; while his sub-genus 
Crocodili, has now become the family Orocodilidce, as defined 
below. 

The essential characters of the order are that the teeth are 
implanted in distinct sockets, and are arranged in a single row, 
a feature which is restricted to this order amongst living reptiles, 
but it is met with in the old Plesiosaurus of liassic times, and its 
allies which constitute the order Saniropterygia^ of which there is 
no living representative. There is but one external nostril, 
which is placed at or near to the extremity of the snout ; whereas 
in all other reptilian orders there are two external nostrils. The 
Ghelorvia present an apparent exception to this statement, for in 
them the external nostiil is single in the skull, but it is double 
in the integument. Apparent exceptions also occur within the 
limits of tne order itself. Thus in some species, such as the 
common Indian crocodile {Bombifrons iruiicus) the nasal bones 

Sroject into the nasal aperture, while in the black African croco- 
ile {Hakrosia nigra) these bones extend right across the 
aperture as a bar, but not as a dividing plate. The nostril itself 
is single. The anterior vertebr» have two lateral processes on 
each side, which give support to the double headed or bifurcated 
ribs, a character which differentiates the crocodilian from all 
other living orders, but assimilates it to some which are now 
extinct, viz., the Anomodontia, Dmosawria, and Pteroaauria, 
These transverse processes are remarkable for their varying 
position on the vertebrae in passing from before to behind. On 
one of ^e earlier cervical vertebras they are situated in the same 
vertical plane, the one low dovm on the side of the body or 
centrum, the other at the base of the side of the neural arch. 
In tracing them on the vertebres in the backward direction, the 
processes gradually acquire a higher position, so that at the 
commencement of the dorsal series the lower process is on the 
junction line of the centrum with the neural arch, while the 
upper is at the summit of the last mentioned arch. Moreover, 
the higher process is more backwardly situated relatively to the 
lower one. In advancing along the dorsal series the lower 
process gradually approaches to the same horizontal level as the 
other, and finally amalgamates with it to form one process, the 
dual nature of which is indicated by its slightly fluted median 
portion. This feature is also foimd in most of the extinct orders. 
There are two sacral vertebrae, each of which has the centrum 
connected with its neural arch by sutural articulation. The tail 
is long and laterally compressed ; the feet are short and more or 
less webbed. The skin is partially covered by membrane- 
covered osseous plates. The heart is four-chambered, and 



approaches in structure more nearlv to that of the bird than 
is the case with the heart of any other existing reptilian order. 
It is probable that the extinct orders Dinoaauria and Pterosauria 
possessed quadrilocular hearts. The nature of the articular ends 
of the vertebral centra presents no general distinctive feature, 
but it is observable that there is great variety in this respect 
Thus, the older members, such as Teleosaurus, had both ends 
cup-shaped; in StreptospondyluSj and others, the forward end 
was protuberant, and the hinder one cupped ; while in the living 
forms the centra are cupped in front, and protuberant behind. 
These distinctions form the basis of the three sub-orders, 
Ainphiccelia, Opisthocalia, and Procoelia, 

The principal general memoirs on the classification of 
crocodiles, published of late years, are those by Huxley, Gray, 
and Straucn. Huxley's paper contains an excellent account of 
the osteological differences of the various genera, while Dr. 
Gray's is the result of the careful examination of upwards of two 
hundred specimens, as embodied in a synoptical classification, 
but it manifests the usual character of Dr. Gray's labours, which 
is a tendency to make more groups out of the same number of 
species than almost any other zoologist Thus, Dr. Strauch, 
who had copious materials at his command, recognises but three 
genera ; Professor Huxley distinguishes seven genera ; and Dr. 
Gray considers there are twelve. We have been unable to pro- 
cure a copy of Strauch's memoir ; but it may not be uninstnictive 
to present a general comparative outline of the schemes proposed 
by Dr. Gray and Professor Huxley. Both aOTee in regarding 
the crocodilian group as an order, but Gray caUs it Emydosauria, 
and Huxley Grocodilia; the difference is purely verlml. Both 
agree in considering that the living types of "the order may 
be arranged into the three families, Gamalidof, CrocodilicUE, and 
AUigatonda. The OavialidcB is defined by Professor Huxley as 
having a very long slender snout; the teeth generally slender, 
sharp edged, and sub-equal. The two anterior mandibular 
teeth pass into grooves, one of which lies on each side of a beak- 
like prominence of the premaxilke, which carry the two anterior 
upper teeth. The canines are received into grooves. The man- 
dibular symphysis extends back to at least the fourteenth tooth, 
and is partly formed by the junction of the splenial bones. The 
premaxillo-maxillary suture is always strongly convex backwards. 
The posterior nares are situated more forwara than in the Crocodili, 
The temporal fossse are larse. The feet are strongly webbed. The 
dorsal scales a^ not articulated, and there are no ventral scute& 
The distinctive features, according to Dr. Gray, are the long slender 
snout, the nearly uniform size of the teeth, the reception of all 
the teeth of the lower jaw into grooves on the upper, those for 
the two anterior teeth, as well as for the canines, being situated 
on the front edge ; and the continuity of the scutes on the neck 
and back into one shield. Both authors recognise two genera. 
Their definitions of Oavialis scarcely differ, but that of Professor 
Huxley has one or two characters not given by Dr. Gray. There 
are 27-28 teeth in the upper, and 26-26 in the lower jaw. The 
mandibular s^physis extends to the 23rd or 24th tooth. 
All but the hmdmost side teeth have a backward inclination in 
the upper jaw, and a forward one in the lower, while both groups 
project somewhat outwardly. The anterior margins of the 
orbits are raised. The premaxillsB and the end of the mandible 
are greatly expanded. The premaxillo-maxillary suture reaches 
the level of tbe fourth tooth behind the canme notch. The 
onlv species known is the 0, gcmgeticus of Bengal, Nepal, and 
Malabar. The second genus is called Bhynchosudms by Huxley, 
which Dr. Gray stetes is a synonym for the Tomistoma of Miiller. 
The dental formula is n on each side. Most of the teeth in the 
lower jaw, and the hin^ost ones in the upper, are received into 
interdental pits. The premaxilhe present scarcely any expan- 
sion; and the margins of the orbits are not raised. The pre- 
maxillo-maxillary suture does not reach the third tooth behind 
the notoh. The nasal bones meet the premaxillaries opposite 
the ninth tooth, or far short of the external nostril. There is but 
one species known, and that frequents Borneo and New Guinea. 
It was originally named Grocodilus SchUgeUi^ then transferred to 
Bhvnchosuchu8^ and now it is known as Tomutoma Schlegeliu 

The GrocodtUda are defined by Professor Huxley as having 
strong unequally sized teeth, the differeme in size being most 
marked between the fore and hind teeth. The two anterior 
mandibular teeth are received into pits in the premaxilla, but 
the canines pass into grooves (which may be converted into 
fossse), situated at the junction of the premaxilla and maxiUa. 
The other mandibular teeth are received between the maxillary 
teeth. The symphysis of the lower law does not extend beyond 
the level of the seventh or the eight mandibular tooth. The 
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pxemaxillo-maxillaiy suture may be either straight or strongly 
convex backwards. The divided vomera do not appear in the 
palate. The posterior nares look more or less backwards, and 
are transversely elongated. The supra-temporal fossae are 
always open, and the feet are distinctly webbed. The dorsal 
scutes are not articulated ; and there are no ventral scutes. Dr. 
Gray uses fewer chai-acters, but these, so far as they go, agree 
with Professor Huxley's account. He refers to the strong 
imequal teeth, and notices that the ninth upper and eleventh 
lower are largest, laniariform, and fit into notches on the edge 
of the upper jaw. He further notices that the cervical scutes 
form a distinct shield fix)m the dorsal, and that the nose of both 
sexes is simple. 

Professor Huxley distinguishes two genera in tliLs family, viz., 
Crocodilus and Mecistops ; but Dr. Gray recognises seven, which 
will be mentioned below. 

In CrocodiluSy as understood by Professor Huxley, the teeth 
are always very strong and very uneoual, the largest being the 
tenth in the upper jaw. The mandibular symphysis does not 
extend beyond the level of the sixth tooth. The cervical scutes 
are usually six in number, arranged in a two-rowed rhomb, and 
separated from the dorsal scutes by a distinct interval. The 
dental formida is JJ on each side. In Mecistops the cranium is 
elongated, and the snout slender and gavial-lite. The teeth are 
subequal, and fj in nmnber on each side. The mandibular 
sympnysis extends to the level of the seventh tooth. The 
cervical scutes are arranged in two transverse rows of two scutes 
each, and immediately adjuiu those of the dorsal serie.s. 

Dr. Gray's synopsis of the same family runs as follows : — 

1. The nape witn a rhombic disk formed of six plates, which 
is well sepamted from the dorsid shield. The species belonging 
to this section form the nonnal crocodiles. 

A. Nuchal scutella none. Dorsal scales in four or six longi- 
tudinal series ; the outer series ovate elongate. Toes webbed ; 
legs fringed. The intermaxillary bone produced, truncated, and 
converging on the sides. 

Genus 1. Oopholu. — Face oblong ; orbits with an elongated, 
longitudinal, more or less sinuous ridge in front. Nuchal 
scutella none or rudimentary. Cervical disk rhombic, of six 
plates. Dorsal plates uniformly keeled, in four or six longi- 
tudinal series ; tne vertebral series with straight internal edges, 
the outer ovate elongate. Legs acutely fringed ; toes broad Iv 
webbed. Intennaxillary bone produced and truncated behind, 
the sutures sloping backwards and converging, and then trans- 
verse or sinuous. There are two species, viz., 0. parosus. in 
which the dorsal scutes are in six rows, and those along the vertebral 
region are of an elongate form ; and 0. jyondicherianuSf in which 
there are four rows of scutes, those along the line of the vertebral 
column being broad in form. The first-mentioned is the Crocodilus 
porosiis of E. C, vol. ii. col. 199 ; and the other is a species first 
described in or about 1860. 

B. Nuchal plates four, or rarely two or five, in a cross series. 
The dorsal plates as broad as long, in four or six series. 

a. The intermaxillary bones truncated behind, with a nearly 
Btrai^t premaxillarv suture. Face broad, oblong. 

* Toes webbed ; legs distinctly fringed. 

Genus 2. Bmnbifrom. The premaxillary suture straight, or 
rather convex fonvards. The face oblong ; forehead with 
nodules in front of the orbits, but no distinct preorbital ridges. 
Nuchal plates four, in a ciUTed line ; cervical plates six, in the 
form of a rhombic shield, distinct from the dorsal one. Dorsal 
plates oblong, rather elongate, all keeled, in six longitudinal 
series, and with two short lateral series of keeled scales. The 
legs fringed with a series of triangular elongated scales. Toes 
webbed. It includes two species. The first, B. indicus, is the 
same as Crocodilus bomhifrons, (7. palustrisy and C. trigonops of E.C. 
voL ii. col. 199. The second is B, siaviensis, which is the same 
as Crocodilus siam^nsis of E. C. vol. ii. col. 199. 

** The legs with an indented fringe of short narrow scales. 
Toes short, nearly free. 

Genus 3. Palinia. The face oblong ; forehead very convex, 
with a ridge in front of each orbit, converging in front 
and forming a lozenge-shaped space. Nuchal plates two 
or four, une([ual. Cervical disk rhombic, of six large plates. 
Dorsal plates large, broad, in six series ; the vertebi-al series 
iiearlv smooth, the lateral ones strongly keeled. The inter- 
maxillary short, truncated behind the pre-maxillary ; suture 
straight, transverse. There are two species : P. rnombifera, 
whidi is the Crocodilus rhomH/er and C, planirostris of E. C. voL 
ii. col. 199 ; and P. Moreletiiy but its specific difference from tlie 
foregoing is not conclusively established, 
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h. The inter-maxillary bone elongate, produced and truncated 
behind ; the sutures sloping backwards and converging, and then 
transverse or sinuous. Toes webbed ; legs with a fringe of 
elongated triangular scales. 

Genus 4. Crocodilus, Face oblong, depressed, without any 
ridge in front of the orbits. Nuchal plates four, in an archeJl 
series. Cervical disk rhombic, of six plates. Dorsal plates 
quadrilateral, as broad as long ; the vertebi-al series rather the 
widest and most keeled. Intermaxillary produced behind. 
Only one species is recognised, viz., C vulgaris ^ of which 
C, Tiiarginatus of Geoffroy is a variety. 

Genus 5. Molinia, Face elongate ; forehead swollen, convex, 
especially in the adult ; orbits without any anterior ridge. Nuchal 
plates two or four, smalL Cervical disk rhombic, of six plates, 
the side plates generally smalL The legs fringed with a series 
of triangular elongate scales. Toes webbed. Scales of the 
fore-arm and thigh thin, smooth. Muzzle oblong, elongate, 
slender, with a swollen convexity on the middle of the face 
before the eyes. Nostril not separated by a long ridge, the 
internal posterior nostril with an oblong sloping opening ; the 
intermaxillary suture produced behind between tne ends of the 
maxillaj. It includes two species, viz., M. americarui, w^hich is 
the same as the Crocodilus americanus of E. C. vol. ii. col. 199 ; 
and A/, intermedia^ which is the C. intermediums (Graves) of E. C. 
vol. ii. cols. 197 ; 199. 

II. Nape with a broad, flat-topped shield formed of two or 
three pairs of plates, strongly keeled on each side, and nearly 
continuous with the dorsal shield. Le^s fringed ; toes webbed. 

* Face broad ; nasal bone produced into the nostril. 

Genus 6. Halcrosia. The premaxillary suture transverse, 
rather convex backwards. Nasal bones produced beyond the 
intermaxillary, and forming a l)ony sej)tum between the nostrils. 
The palatine bone produced to the same level as the lateral 
opemng — that is, to the lateral inflection of the skulL The 
face oblong, broad, without any ridge in front of the orbit. 
Eyelids with two bony plates. Nucnal plates four, in a cross 
row, strongly keeled. Cervical plates three or four pairs, 
forming a ridge on each side, the hinder one small. Dorsal 
plates in four series ; the central broad, slightly keeled ; the 
outer naiTow, distinctly keeled ; sides with large convex scales. 
The o^ly species, H, nufra, has long been confounded with 
Caiman palpebrosus, to which it has much external resemblance. 

♦* Face very long ; nasal not reaching to the nostril. 

Genus 7. Mecistops. Face subcylindrical, scarcely dilated in 
the middle ; orbits simple. Nuchal shields numerous, small, in 
two cross series. Cervical disk narrow, containing two or three 
pairs of plates. Dorsal plates small, all keeled, in six longitu- 
dinal series, lateral ones narrowest. Intermaxillary produced 
behind, and embracing the front end of the nasal There is but 
one species, M. cataphracttu% with which M. Benneitii of E. C. 
vol. ii. col. 198, is synonymous. 

The third family, or that of the Alligatorid<e, as defined by 
Professor Huxley, have strong unequal teeth, those in front 
differing in shape from those behind. The anterior pair of 
mandibular teeth and the fourth i)air fit into pits on the maipns 
of the premaxilla and maxilla ; while the mandibular teeth in 
the rear of these pass inside those of the upper jaw. The man- 
dibular symphysis usually stops short of the level of the fifth 
tooth, but never extends beyond it. The premaxillo-maxillary 
sutui-e is either straight or convex forwards. The posterior 
nostrils are wide ; they have a downward aspect, and are situated 
forwartls on the palate. Dr. Gray's definition does not materiaUy 
differ from this. 

Both authors recognise three genera, the same as those already 
mentioned in E. C. vol. ii. coL 199, viz., Jacare, Caiman, Alli- 
gator ; but Dr. Gray has a number of smaller groups, which we 
E resume are sub-genera. Dr. Gray also arranges the genera into 
irger groups intermediate in value between the laniily and 
genus. We append his definition of these groups and genera, 
and the generic definitions proposed by Professor Huxley are 
added for comparison. 

I. The ventral scutella, like the dorsal ones, bony and articu- 
lated together, forming a shield. The eyelids with an internal 
bony plate. The cervical scutella in pairs, forming an elongated 
shield. Nasal bones short. 

Genus 1. Jacare. — Head moderately high, shelving on the 
sides. Orbits united by a distinct bony cross ridge. Eyelids 
striated or rugose, strengthened by a small internal bone. The 
cervical scutella in four or five pairs, forming a shield ; the dorsal 
and ventral scutella both consolidated together, forming a dorsal 
and ventral shield. The gular and ventrS scutella smooth. The 
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pit3 in the maxilla are the cavities left hy the pre-orbital ridges 
as they advance. The intermaxillary bone short, truncated 
behind, with an elongate, oval, or lanceolate cavity between this 
and the front of the palate (Gray). The snout is broad, and 
rounded at the end. Each pre-frontal bone is traversed close to 
its anterior extremity by tne ends of a strong transverse ridge, 
which then curves round and passes forwards on the lachr3rmal 
and maxillary bones, to subside opposite the ninth tooth. The 
anterior nasal aperture is not divided by bone. The vomers, 
separated by a longitudinal suture, appear in the palate between 
the pre-maxiUaries and the palatine plates of the maxillaries. 
The temporal fossae, though not large, are open. The webs of 
the feet are small. The dorsal scutes are articulated together 
as in the succeeding genus ; and there are similarly articulated 
ventral scutes. There are 18 — 20 teeth on each side, above 
and below ; and the fourth tooth in the upper jaw is the largest. 
The mandibular symphysis extends bacK nearly to the fifth 
tooth (Huxley). Dr. Gray recognises 7 species, bearing the 
specific names of nigra^ laiirostris, multiscutataf longiscutata, 
oceUata, punctulataf and hirticollis. 

Genus 2. Caiman. — Head high, flattened on the sides, angu- 
lated above. Orbits without any ridges. The eyelids smooth, 
strengthened with a large, single, internal, bony plate. The 
dorsal and ventral scuteDa bony, articulated together, forming 
a dorsal and ventral shield. The gular and lateral ventral 
plates keeled, the abdominal ones smooth ; the cervical scutella 
four or five pairs, with sometimes one or a pair interposed 
between the second and third pairs. Skull with the superior 
. temporal fossae obliterated, the circumjacent bones uniting, the 
eyeud with a single large bony plate covering the whole upper 
Borface. Vomer not apparent on the palate (Gray). Dental 

20 20 

formula , according to Natterer. The face is without 

22—22' ^ 

median or transverse ridges, but it is sharply angulated along a 
line which extends from the orbits forwards along the sides of 
the snout. The anterior nasal aperture is undivided in the dry 
skull. The vomers do not appear in the palate. The supra- 
temporal fossae are obliterated, the circumjacent bones uniting 
over them. The webs of the feet are rudimentary. The dorsal 
scutes are articulated together by lateral sutures and anterior 
and posterior facets ; and there is a ventral shield, consisting of 
similarly articulated scutes (Huxley). There appear to be two 
species only known, viz., C, trigonatus and (7. palpebrosus. The 
tnird species mentioned in E. C., viz., C. gibbuepsj is considered 
to be the same as C. palpebrosus both by Strauch and Gray. 

II. The ventral scutella thin, the dorsal scutella bony and 
articulated toother. The eyelids fleshy, smooth. The cervical 
scutella in pairs, separate. Nasal bone elongate, separating the 
nostrils. 

Genus 3. Alligator, — Head depressed, broad, without any 

ridges in front of the orbit. Snout very broad, flattened, and 

rounded at the end ; the ninth maxillary tooth the largest. The 

eyelids smooth, fleshy. The dorsal scutella not articulated 

together, in six longitudinal series ; the ventral scutella thin ; 

the gular and abdominal shields smooth; nuchal scutella one 

pair, small ; cervical scutella three pairs, hinder smallest. 

Nostrils separated by a bony septum. Tne feet webbed. Dorsal 

plates in six longitudinal series; the two vertebral closer 

together. The sides with a short series close to the others, 

sometimes reduced to only one or two shields (Gray). Dental 

20 20 

formula Ninth maxillary tooth the largest of its series. 

20—20 ^ 

The snout is very broad, flattened, and rounded at the end. 
There is an indistmct longitudinal interorbital ridge ; and there 
are two short ridges along the line of junction of the pre-frontal 
and lachrymal bones. The aperture of the external nares is 
divided into two parts by the prolongation forwards of the- 
nasal bones. The supra-temporal fossse are well marked and 
open, though not large. The vomers do not appear in the palate. 
The feet are well webbed. The dorsal bony scutes are not articu- 
lated together, and there are no ventral scutes (Huxley). There 
is but one species, ^1. mississippensis, but specimens of this fall into 
two groups, one distinguished by a broader snout than the other. 
A similar difference is met with in several other crocodilian 
species, so that it not unlikely marks the two sexes, and not two 
varieties. 

In the above synopses there will be noticed several discrepan- 
cies between the statements of the two authorities, some of wnich 
are apparent only, wliile others are real. It is not our purpose 
to attempt to reconcile these, but we may mention one m tneir 



definition of Crocodilidce. Professor Huxley says the tenth 
tooth is the largest in the upper jaw, and Dr. Gray the ninth ; 
but they appear to mean the same tooth. In young individuals 
there are eighteen teeth in the upper jaw, one of the foremost of 
which is deciduous. In the young the tenth is the largest tooth, 
but by the falling out of one of tlie teeth the tenth becomes the 
ninth in the adult. Strictly speaking it should be called the 
tenth, allowance being made for that which is deciduous. The 
above-mentioned authors have numerous other details for which 
we have no space, and for which the reader is referred to their 
memoirs. Thus Professor Huxley has a minute account of the 
form and arrangement of the scutes, in which he points out their 
peculiarities in the various genera, and indicates those species 
which have them on the ventral surface. This last feature was 

fenerally supposed to be restricted to the extinct species until 
^rofessor Huxley drew attention to their presence in living forms. 
Their oversight by previous observers appears to have oeen in 
great part due to the practice of fixing down the specimens in 
museums so that the underside can oiuy be seen with great dif- 
ficulty and inconvenience. In Dr. Gray's paper, which is richly 
illustrated, full details are given of the synonymy of the group. 
He also gives a summary of the geographical distribution of the 
species, which we quote. The Gavialtd(e are confined to Asia 
and Australasia, Tne Grocodilidm are found in all quarters of 
the globe except Europe, but each division has certain genera 
restricted to it Thus GrocodiluSy Halcrosia, and MecistopSy are 
confined to Africa ; Oopholis and Bomhifrons to Asia and Aus- 
tralasia; and Palinia and Molinia to America. The AUigatoridce 
occur in America only. 

" In Africa there are three species of crocodiles. They seem 
all to have been known to Adanson. They are : (1) the com- 
mon crocodile (called the olive crocodile by Adanson), Crocodilus 
vulgaris, which is spread over the whole oi Africa, from north to 
south, and from east to west ; (2) the black crocodile of Adan- 
son, Halcrosia nigra; and (3) the false gavial of Adanson, 
Mecistops cataphractus. The two latter are confined to the rivers 
on the west coast of Africa. In India there are three species of 
crocodiles: (1) the Oopholis porosus (or GrocodilUs biporcatiis 
of Cuvier) which is found only in the estuaries at the mouths of 
large rivers ; (2) the Muggar, or more properly the Coombeer 
(Bomhifrons indicus) ; and (3) the Gavial or Ghurrial, which is 
confined to the rivers in the interior of the country. The Coom- 
beer or Muggar ascends the rivers to the mountains, where the 
water is often frozen. The Ghurrial, on the contrary, is con- 
fined to the lower level, where the climate is warm. In stating 
that there are three species of crocodiles in India I only intend 
to state there are three distinct forms ; for I will not undertake 
to say for certain that the Muggar of Ceylon, of Siam, and of 
India, are not distinct species. Mr. Blyth observes, * Both the 
Gangetic species have been received by the Asiatic Society, Cal- 
cutta, from Java. The crocodiles are known to abound in Timor, 
from which island they may well have passed to Australia. 
Governor Grey met with them in the north-west.' *Rep. 
Austral. Vert, in Mus. A. S. CJ If by both the Gangetic 
species of crocodile Mr. Blyth means the estuarine crocodile 
(Oopholis porosus) and the Coombeer or Muggar (Bomhifrons 
mdicas), no example of the latter animal from either Java, 
Timor, or Australia, has occurred to me, and the animal figured 
as Grocodilus raninus by Dr. Solomon Muller is certainly Oopholis 
porosus; and there is in the British Museum a fine adult 
skuU of that species sent by the Leyden Museum from Java. 
The observations of MM. Dumdril and Bibron (Erp. Gen. 25, 47), 
that crocodiles are not found in Australia, and that the American 
crocodiles are confined to the islands of that continent, are no 
longer consistent with facts ; indeed, long before the publication 
of their work various travellers had recorded the occurrence of 
crocodiles on the north coast of Australia. The estuarine Oopholis 
porosus was observed by Governor Grey on the north-west coast 
of Australia. There is in the British Museum a skull of the 
species sent thence, and also a full grown specimen which was 
killed and preserved in that country. The island of Borneo is 
inhabited by a false gavial, named Tomist^yma SchUgelii. I am 
not aware that it has been found in any of the other islands of 
the Archipelago. It is intermediate in character between the 
true eaviat and the crocodile. The crocodiles and alligators are 
widely distributed in America. There are four American croco- 
diles and nine alligators. One of the crocodiles, Palinia rhom- 
hiferf is peculiar to the island of Cuba. The other species of 
crocodiles and alli^toi-s are found on the mainland. The Alli- 
gator mississippensis is found far north, where the waters are 
often frozen; aU the other alligators and American crocodiles 
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are confined to the tropiciil and subtropical parts of the conti- 
nent. Molinia americana is found in Cuba and St. Doniingo as 
well as in the rivers of the east and west side of the continent, 
showing the incorrectness of the assertion of MM. Dum^ril and 
Bibron, that the crocodiles of America are confined to the islands 
of that continent (Erp. Gen. 25, 47)." 

Much might be said respecting the special anatomy of the 
group, but for such details the reader shouW consult the work 
by Bi-ulil, entitled 'Icones ad Zootomiam illustrandum. Das 
Stelet der Krokodolinen,' published in 1862, to wliich a supple- 
mentary part, on the ear bones, was added in 1865. There is 
also a great mass of information in Rathke's ' Unterauchungen 
iiber die Entwickelimg und die Korperbau des Krokodile,* pub- 
lished in 1866. There are two excellent myological articles, the 
one on the muscles of the alligator, by Hair, in the ' Journal of 
Anatomy and Physiology' for 1867, pp. 26—41 ; and the other 
on the muscles of the crocodile's leg, by Haughton, in the 
* Annals and Magazine of Natural History,' 3rd series, xvi., pp. 
326 — 331. There are numerous scattered notices on the stiTic- 
ture of these creatures in more general works, such as Professor 
Owen's ' Anatomy of Vertebrates,' voL i. There is another large 
and important branch of our subject, of which nothing has been 
said, altliough there is no lack of materials ; we allude to the 
species which have passed away. There are numerous scattered 
notices respecting tnem, but we have not met with any recent 
connected account. The most important paper we know is that 
by Deslongchamps, in the * Mdmoires de la Society Linn^enne de 
Normandie,' tome xiii., having for title * Premier m^moire con- 
tenant I'expos^ des caract^res g^n^raux des T^Uosauriens com- 
pares a ceux des crocodiliens, &c.' We shoidd also mention that 
the classificatory paper by Stmuch, to which allusion was made 
in the early part of this article, wUl be found in voL x. of the 
Memoirs oi the Academy of Science at St. Petersbui^. 
(Gray, J. E., Transactions of the Zoological Society, voL vi., p. 
125 ; Huxley, T. H., Journal of the Proceedings of the Linnean 
Society, vul. iv., pp. 1 — 28.) 

CROCODILIDiE. [Crocodilia, E. C. S.] 

CRUSTACEA FE. C. vol. ii. cols. 217—235]. Many new facts 
have been acquired by science during the last twenty or thirty 
years bearing upon the structure and development oi this class 
of beings, upon each of which subjects we propose to offer a few 
supplementary details. 

So far as we know, no full account has been published of the 
integumental or outer membranes of all the crustacean orders, 
whereby we might trace the variations which this part of the 
organism undergoes in the various groups. In the Decapoda, or 
rather in all that have been yet examined, there may be recog- 
nised six distinct layers differing from each other in structure. 
These we will notice in the order of their superposition, begin- 
ning with the outermost and proceeding downwards to the 
innermost. (1) The most external layer la generally thin, and 
has few or no traces of structure. It is the * homy structure- 
less layer' of Dr. Carpenter, and the * pellicle' or * pellicular 
layer' of Professor Williamson. Although said to be nomy, it 
is probable that this expression refers to the appearance only, 
since, chemically, it is more calcareous than any of the other 
layers. In some species, as, for instance, Hyas araneus, it is 
more or less deeply coloured, and shows sigps of structure in 
being built of numerous thin layers. The thickness of this pel- 
licle varies in the diff'erent species, being exceedingly thin, 
relatively to the others, in the lobster and cray fish, and of con- 
siderable proportions in PUumnus hirteUus. It is sometimes 
traversed oy minute canals' or tubules, which will be again 
alluded to in connection with another layer. (2) The second or 
areolated layer is frequently said to be of a cellular structure ; 
but the existence of cells is very doubtful. When viewed &om 
above the layer is seen to be covered with minute dots, arranged 
in groups approaching more or less perfectly to hexagons, the 
groups being separated by narrow non-areolated lines. When 
viewed vertically the layer appears to have a horizontally 
laminated structure, and to be traversed by minute tubules 
filled with air. The dots on the surface are evidently the aper- 
tures of the tubides. In some species, as the crayfish, the layer 
has a uniform ^ckness, and the tubules are always vertical, 
that is, at right angles to the lay of the laminae. In other 
species, such as the common crab and the hermit crab, the layer 
is irregular in thickness, owing to ridges of the underlying layer 
being projected through so as to touch, or nearly touch, the 
pellicle. In the vertical section the areolated layer appears to 
occupy valleys in the third layer, or calcified corium, and the 
laminae curve upwards as they approach the bounding ridges ; 



but the tubules still retain their position at right angles to the 
lay of the laminae. This disposition Professor Williamson con- 
ceives will explain the radiated cells observed by Quekett near 
the ridees, as this sort of radiated appearance residts from the 
inclined arrangement of the tubules at those parts. Similar 
appearances occur in the shrimp, but owing to the minuteness of 
the areolae and tubules it is difficult to demonstrate their true 
nature. Professor Williamson says he has seen air in s^me of 
the lines, and, from their analogy with those of the crab, infers 
they are tubular in that species. Other observers have not been 
able to detect air, and hence they maintain that the lines are 
solid fibrillae, and the areolae are termed granules, being con- 
sidered to be the termination of solid rods and not the apertures 
of minute canals. In Jlyas araneius the areolated layer presents 
another mode of arrangement. In the vertical section it resem- 
bles a series of conical masses somewliat like round-topped sugar 
loaves. The flat bases are lowermost, while the rounded tops 
project upwards. In the horizontal aspect these masses have a 
prismatic outline; and from the two vie^vs together it is seen 
that the interspace between the summits of the masses is filled 
up with the pellicle, and that these depressions coiTespond with 
the non-areolated lines which separate the hexagonal groups of 
areolae. In the lobster the colour resides in the areolated layer. 
(3) The third layer answers to the laminated tubular substance 
of Dr. Carpenter, and the calcified corium of Professor William- 
son. In the crayfish its upper and lower surfaces are parallel, 
and its thickness differs but little from that of the areolated 
layer above. In the common crab its upper surface foi-ms, as 
already stated, a series of steep-sided, flat-topped ridges, which 
project through the areolated layer. It is tubulated, and the 
tubuli are continuous with those which pass through the imder- 
lying and overlying portions of the integument. At the ridjges 
it forms nearly the entire thickness of the skin, and under Uie 
valleys about three-fourths. In the claw of the hermit crab its 
upper surface forms rounded prominences which abut upon the 
pellicle to the exclusion of the areolated layers, and from the 
summits of the protuberances tubules pass through the pellicle. 
This feature is also met with in the crab. In the hermit crab's 
claw the thickness of this layer is considerable; it forms five-sixths 
of the integument. In Pilumnus hirtellus it has quite another 
arrangement from those ah-eady noticed. The upper surface is 
even, and the under surface is highly undulated, the undulations 
being alternately lai^e and sniall. It presents two different 
kinds of calcification. The portion which is calcified in one 
way occupies circular depressions in the fourth layer, and forms 
the larger undulations. In the vertical section it forms basin- 
shaped masses separated from one another by the portion which 
is calcified differently, and which forms the smaller undulations. 
The centre of each basin is penetrated by a large vertical canal, 
which passes downwards through the underlying structures, and 
terminates upwards with the base of a hair^ with the interior of 
which it is in communication. • The base oi the hair rests upon 
the upper surface of this layer. In a horizontal section the cal- 
cified corium shows numerous circular areas with a central dot, 
and thus simulates a cellular structure. The central dot is the 
large canal, not a nucleus, and the area is a calcareous concre- 
tion, not a cell. The thickness of this layer varies fix>m one- 
third to one-half that of the integument. (4) The calcified 
corium rests upon a layer which resembles the corium in most 
respects, but differs from it in showing little or no calcification. 
It can be readily separated from the hard shelly part, and is 
usually a very thin membrane of uniform thicloiess. In Pi- 
lumnus hirtdlus it is as thick as any of the other layers, and like 
them is richly tubulated, or if the existence of tubules be 
denied, richly fibrillated. (5) This is a thin delicate membrane, 
which Williamson calls the basement membrane. (6) Under- 
lying all is the true endoderm, wliich is at once distinoruishable 
by its indubitably cellular structui'e, and the absence oi tubula- 
tions or fibrillations. Little appears to be known as to the 
growth and mode of development of these various layers. In 
the soft parts of the hermit crab there is a well developed derm, 
or basement membrane, and a pellicle. The intermediate layers 
are scarcely perceptible, but in the vicinities of the hard parts 
they are represented by a thin granulated membrane, vmich 
acquires an areolated structure wnere it thickens, and presents 
indistinct traces of an hexagonal arrangement of the ivreolae. Pro- 
fessor Williamson's views as to the genesis of the skin of crusta- 
ceans are thus expressed by him : " It is clear that no cells exist 
external to the basement membrane ; they all underlie it. Whether 
or not the basement membrane is cast off along with the exuviated 
shell has not vet been determined, but probS)ly such is not the 
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The cellular derm appears to be the secreting organ pro- 
ducing the tegiuuent, which latter permeates the basement 
membrane by eiosmosis when in a fluid state, and becomes con- 
solidated into a structurelesa layer external to the membrane. 
The laminaB first formed are apparently those constituting the 
pellicle, then those constituting the areolar layer, and subse- 
quently those forming the corium. Calcification of these layers, 
both in its primary and secondary varieties, is a process occur- 
ring subsequently to the formation of the membranous lamellee, 
and probably due to some protoplasmic fluid conveyed into the 
tissues by means of the tubuli with which they abound. Prior 
to the formation of these laminae, some of the cells of the derm 
or enderon change their form and position. The tubuli them- 
selves probably exist as such prior to calcification; the latter 
only rendering them more distinct We are thus com- 
pelled, equally from an examination of their mature states, and 
from their development as traced in the hennit crab, to reject 
Dr. Carpenters hypothesis of the cellular structure of the areo- 
lated layers of crustacean integuments. At the same time they 
illustrate how a cellular protoplasmic structure may secrete a 
tubular tissue closely resembling dentine, from which it is sepa- 
rated by a structureless basement membrane, through which 
neither cells nor nuclei ever pass. Whether the cells have any- 
thing to do with determining the position of the areolae in the 
calcified layers I cannot say, though I doubt their doing even 
that much, since the spaces they occupy do not seem to cor- 
respond with those of the areohe ; nevertheless, the question is 
worth further investigation could Crustacea tliat have just 
moulted be obtained for examination." The process of moult- 
ing, or ecdysis, has been observed within the last few years in 
several species of Crustacea; but the cases on record are not 
numerous, since it is far more difiicult to watch the operation in 
its various stages than to assure oneself that the process is 
effected. The lobster selects a suitable spot, and remains rigidly 
still for from forty to fifty hours, when a crack commences at 
the first abdominal ring and extends to the carapace. The 
creature then agitates itself "vdolently, and by tliis means 
manages to protrude a portion of the first abdominal ring 
through the crevice. It next rests for a while, and then by 
renewed efforts forces more and more of the abdominal portion 
of the body out of the shell; other periods of rest and action 
follow, until the whole of the abdomen is liberated through the 
same short narrow fissure which sufficed for the extrication of 
the first segment The carapace next splits as far forwards as 
the rostrum, and the space between its nindmost edge and the 
first abdominal ring of the shell is increased as much as possible. 
The liberation of the fore part of the body is effected by suc- 
cessive steps, the hindmost portions being extricated first. The 
legs are withdrawn in the order of their position, and although 
each pair are released without much effort, there are as many 
periods of rest as there are pairs of legs. Greater difficulty is 
experienced with the large claws, which are pulled with such 
powerful and sudden tugs that the muscles are wiredrawn in 
their passage through the narrow joint of the old shell. The 
shell of the hard cheke is not split or disarticulated. The whole 
process lasts for about half an hour. The lobster now appears 
m a highlv elongated condition; it gradually becomes shorter, 
"but much larger, owing, as is believed, to distension of its tissues 
with water. In another week or a fortnight, the time being 
much influenced by the temperature, the new shell has become 
calcified and hardened. 

In comparing this account with that given in E. C. vol. ii. col. 
220, it will be noticed that the lobster and crayfish present several 
differences in their modes of casting off the old shell. In the 
cravfish the cephalothorax is liberated before the abdomen, 
while the reverse is the case with the lobster. The lobster splits 
the carapace, while the crayfish leaves it unsplit. According to 
K^aumur, the hard chelae are split longitudinally ; but this asser- 
tion is questioned by some authorities, since no crack can be 
detected in this part in the moulted shells. The lobster has 
much smaUer wrist joints, and yet it contrives to withdraw the 
soft chelae without fracturing the hard chelae. The crayfish 
leaves its moulted shell restmg on its dorsal surface, but the 
lobster^s slough remains on its ventral surface. 

The heart, in Astacus, is a muscular organ formed by an 
intricate interlacement of fibres. It has great pulsatile force, 
but little is known as to the nerves connected with it. Its 
action does not primarily depend upon the principal ganglion, 
since the destruction of that nervous centre causes a temporary 
cessation only in its action. It continues to beat when with- 
drawn from the body, as also when cut in two, and even the 



pieces formed by its further division retain their activity for a 
more or less considerable space of time. In its behaviour towards 
chemical and physical agents and stimulants it behaves like the 
muscles of vertebrates, and in its structure it is intermediate 
between the ordinary muscles and the heart of the same sub- 
kingdom of animals. 

The principal recent memoir on the sense of hearing in Crus- 
tacea is that by Dr. Hensen. He endeavoured to ascertain 
whether these creatnres could appreciate sounds, and having 
satisfied himself upon that point, he experimented with a view to 
ascertaining the nature and disposition of the auditory organs. 
Ordinarily the crustaceans in aquaria showed no indications that 
they could appreciate sounds made in the surrounding air ; but 
when a peculiar sound was made in the air, and the vibrations 
were communicated to a membrane floating on the water, the 
ci-eatures would jump. A repetition of the noise seldom had 
the same effect as the first, probably, as Dr. Hensen suggests^ 
because the animals controlled their movements, and not because 
they did not appreciate the noise. Some species seemed to be 
more sensitive than others. Thus a young Palcetnon antennarius 
jumped out of the water when the floor or sides of the vessel 
were struck noisily, although it took no notice of the shaking 
of the aquarium when no noise accompanied the movement. 
The sense of hearing appears to be heigntened to a remarkable 
dep'ee when a little strychnine is added to the water. Then the 
animals respond by jumping to every sound that occurs in the 
house, but no effect is produced by shaking the vessel or laying 
hold of the outer antennae. If a sound be made when the 
creature is suspended by its outer antennae it makes violent 
efforts to escape, and on being freed, sinks to the bottom in a 
highly convulsed state. Restoration to sea water without strych- 
nine soon brings it back to its normal condition. Mysis spinuiosiis 
is very excitable under the influence of sound. Dr. Hensen 
believes that the auditory organ consists of an auditory- 
chamber, which may or may not contain otoliths, and which is 
usually connected with a special kind of hair, wliich he terms 
auditory hairs. These hairs, he conceives, play an important 
part in enabling the animal to appreciate and discriminate sound, 
since, as he believes, each hair is adapted to its own peculiar 
sound, vibrating only when that soi^id is produced. He con- 
trived an apparatus whereby he could observe these hairs through 
a microscope when under tne influence of sound. In this way- 
he ascertained that when a note was sounded some hairs vibrated 
strongly, the vibration lasting as long only as the note was c-on- 
tinued. On trying another, other hairs vibrated, while those 
which were previously active either remained still or did not 
vibrate strongly. These hairs have various positions. Some- 
times they are implanted on the otoliths themselves, sometimes 
they occur on the inner surface of the auditory chamber, and 
sometimes they are situated on external parts, such as the 
antennae. Dr. Hensen classifies the different kinds of auditory 
apparatus in four divisions, as foUows :—(!) An open auditory 
chamber contiiining one otolith only, as in Lucifer^ SergesUs^ 
Mysis, Hippolyte, Mastigopus, (2) An open chamber with 
several otoliths, as in Palwmonj Pasipha^, Crangon, Alpheus, 
AstacuSy Gehiay Pagurus, PalinuruSj Nephrops, Lithodts. (3) A 
closed auditory chamber without otoliths, as in Porcellaria (1), 
Hippa, PinnoUieres, Myctii-is, Ocypoda, Grapstis, NautilograpstLs, 
Sesarma, Lupea, Platycarcinus, P%lumntL8, Chlorodius^ Gelastmtis, 
Trapezia, CardnuSy Hyas. (4) Auditory chamber and otoliths 
absent, as in A lima, Erichthus, Phyllosama, Thysanopoday and 
Pandalus, 

Amongst crustaceans the individual undergoes a series of re- 
markable changes of form in developing from the egg to matu- 
rity ; changes which are as striking as any to be found in the 
most polymorphic classes. Some reference is made to these 
changes in E. C., and we would add here a few more remarks. 

Most of the species of stalk-eyed crustaceans {Podophthalmda) 
whose life history has been traced quit the egg in the Zo^a form, 
of which a minute account has been given in E. C, the example 
selected being that of the common shore crab. The exceptions 
are restricted to those species which live either in fresh water or 
on the land, but it is not all these which undergo no metamor- 
phosis. Most of the Zoece have a general resemblance to that of 
the shore crab. They have a moderately sized carapace, a seg- 
mented tail without appendages, while the middle or thoracic 
portion of the body, with its five pairs of limbs, is absent or 
rudimentary. There are no branchiae or special organs of respi- 
ration, the breathing function being performed by the skin gene- 
rally, but more especially those parts of it imderlying the lateral 
part« of the carapace, since a constant current of water enters 
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at the hinder margin of the carapace and passes forward. There 
are two or three pairs of natatory limbs which belong to the 
cephalic portion of the body, but which are aiftenvards converted 
into organs connected with the mouth. The eyes are sessile and 
paired. In the Brachyura the carapace is more or less armed 
with spiny processes, of which one springs from the back, a 
second projects as a beak, while two others constitute the projec- 
tions at the posterior lateral portions of the carapace. In the 
Canceridas the tail of the Zoea form is variable in contour, but 
always supports three pairs of seta?. In Porcellana and allic<l 
genera the tail bears five pairs of setae ; the dorsal spine is small, 
but tho?e on the front and sides are of extraoKlinaiy dimensions. 
The Palinuridce, which are generally admitted to belong to the 
Podophthalmian group, have a mode of development quite 
exceptional to the group, but frequently found amongst the 
Edtnophthalmia or sessile eyed Crustacea. The young quit the 
egg with an imsegmented ovate body, a single eye placed in 
front, and three pairs of natatory feet. It has no carapace, no 
paired eyes, no masticating organ, such as are found in the Zoea 
iorm ; it corresponds to what is known as the Naupluis form. 
By the demarcation of the cephalic from the abdominal part of 
the body, by the development of mouth organs, and by other 
modifications, it somewhat approaches the Zoea form, although it 
still differs from it in several impoi-tant details of its internal 
structure. At a later stage it acquires a pair of large sessile eyes, 
the middle body or thorax and abdomen become segmented, and 
other important changes occur which convert it into the Mysis 
or Schizopod fonn. On this stage F. Miiller makes the follow- 
ing remarks : — " The antennte cease to serve for locomotion, 
their place is taken by the thoracic feet furnished with long seUe, 
and by the long abdomen which just before was laboriously 
dragged along as a useless burden ; but now, with its powerful 
muscles, jerks the animal through the water in a series of lively 
jumps. The anterior antennsB have lost their long seta), and by 
the side of the last (fourth) joint, endowed with olfactory fila- 
ments, there appears a second branch which is at first of a single 
joint. The previously multiarticulate outer branch of the pos- 
terior antennoe has become a simple lamella, the antennal scale 
of the prawn ; beside this appears the stump-like rudiment of 
the flagellum, probably as a new formation, the inner branch 
disappearing entirely. The five new pairs of feet are biramose, 
the inner branch short and simple, the outer one longer, annu- 
lated at the end, furnished with long setje, and kept, as in Mysis, 
in constant whirling motion. The heart acquires new fissures 
and interior muscular trabeculie. During the Mysis period the 
auditor}*^ organs in the basal joint of the anterior antennae are 
formed ; the inner branches of the first three pairs of feet are 
developed into chelaj, and the two hinder pairs mto ambulatory 
feet ; jmlpi sprout from the mandibles, branchiee on the thorax, 
and natatory feet on the abdomen. The spine on the labrum 
becomes reduced in size. In this way the animal gradually 
approaches the prawn form, in which the median eye has become 
indistinct, the spine of the labrum and the outer branches of the 
cheliferous and ambulatory feet have been lost, the mandibular 
palpi and the abdominal leet have acquired distinct joints and 
setee, and the branchiae come into action.'' Another exception 
is presented by Mysis itself, which was formerly placed amongst 
the Stomapoda [Stomapoda, E. C. vol. iv. col. 906]. The 
embryo is dorsally concave when in the egg, whereas the 
embryos of most crustaceans are so bent that the ventral sur- 
faces are approximated. The first part which appears is the 
tail, then long appendages from the fore part of the body, fol- 
lowed by rudiments of the antenna? and mandible, and the skin. 
There are no internal organs when the embryo leaves the egg. 
According to Miiller, the animal at this stage conforms to tne 
Nauplius type of structure, and afterwards a larva, which has 
essentially tne grade of a Zo^, is developed within the Nauplius 
skin. 

The sessile-eyed crustaceans or Edriophthalmia have a less 
varied developmental history than the staJk-eyed group. In the 
Isopods the embryo is usually, perhaps always, tent upwards, 
BO that what is exceptional amongst the Decapods is normal in 
this order, Lujfia and other Isopod genera also resemble Mysis, 
in that a larval membrane representing the Nauplius stage is 
first formed, within which the embryo Isopod is partially deve- 
loped. The embryo diflfers little from the mature form when it 
leaves the membrane; the principal differences are that there 
are six, not seven, pairs of ambulatory feet, and that the sexual 
peculiarities are not developed. We may here notice what may 
be regarded by some as a remarkable exception to the usual 
mode of development amongst Isopods, viz., the statement by 



M. Hesse, that Praniza is the larval form of Anceus, M. Hesse 
has applied the name Praniza to the larvae of Anceus, but these 
larvae do not answer to what Montagu, the founder of the genus, 
called Praniza. The forms which he so called are really adult 
females, whose corresponding males constitute the genus Anceus. 
In this order there are numerous examples of a remarkable 
phenomenon, viz., retrogmde metamorphosis, that is, a metamor- 
phosis in which the young become less, not more, diffei-entiated 
in structure. This kind of metamorphosis is connected with 
an adaptation of these bciiigs for a special kind of life. " Even 
in some Fish-lice {Cymothoa) the voung are lively swimmers, 
and the adults stiff, stupid, heavy iellows, whose short clinging 
feet are capable of but little movement. In the Bopyridce 
{Bopynut, Phryjms, Kepone, &c., which might have been conve- 
niently left in a single genus), which are parasitic on crabs, 
lobsters, &c., taking up their abode chiefly in the branchial 
cavity, the adult females are usually quite destitute of eyes ; the 
antenna? are rudimentary; the broad body is frequently iin- 
symmetrically developed in consequence of the confined space; 
its segments are more or less amalgamated with each other ; the 
feet are stunted, and the appendages of the abdomen transformed 
from natatory feet with long setae into foliaceous or tongue- 
shaped and sometimes ramified branchiae. In the dwarfish males 
the eyes, antennae, and feet are usually better preserved than in 
the females ; but, on the other hand, all the appendages of tho 
abdomen have not unfrequently disappeared, and sometimes 
every trace of segmentation. In the females of Entoniscus, 
which are found in the body cavity of crabs and Porcellana?, the 
eyes, antenna?, and buccal organs, the segmentations of the 
vermiform body, and in one 8])ecies {Entonisc^is cancronim) the 
whole of the limbs disappear, almost without leaving a trace ; 
and Cryptoniscus planaroKtes would almost be regarded as a Flat- 
worm rather than an Isopod, if its eggs and young did not betray 
its crustacean nature. Among the males of these various 
Bopyridce, that of Entoniscns porcellame occupies the lowest place ; 
it is confined all its life to six pairs of feet, which are reduced to 
shapeless rounded lumps " (Miiller's * Facts for Darwin,' trans- 
lated by Dallas, p. 73). In Amphipoda the embiyos are bent 
downwards, and when they leave the egg have a general re- 
semblance to their parents. 

The Phyllopoda, with but few exceptions, pass through the 
Nauplius and Zoea stages, either as embryos or as free larva?, 
and m the mature form appear to be but slightly modified Zoea;. 
The Copepoda also commence active life in the Nauplius fonn, 
and undergo various changes, as expressed by Miiller in the fol- 
lowing passage. " All the larvae of the free Copepoda investi- 
gated by Claus have, at the earliest period, three pairs of limbs 
(the future antennae and mandibles), the anterior witn a single and 
the two following ones with a double series of joints or branchia?. 
The unpaired eye, labrum, and mouth already occupy their 
permanent positions. The posterior portion, which is usually 
short and destitute of limbs, bears two terminal setae, between 
which the anus is situated. The form in this Nauplius brood is 
extremely various ; it is sometimes compressed laterally, some- 
times flat, sometimes elongated, sometimes oval, sometimes 
round or even broader than long, and so forth. The changes 
which the first larval stages undergo during the progress of 
growth consist essentially in an extension of the body and the 
sprouting forth of new limbs. The fourth stage already displays 
a fourth pair of extremities, the future maxillae. Then follow at 
once three new pairs of limbs (the maxillipedes and the two an- 
terior pairs of natatory feet. The larva still continues like a 
Nauplius, as the three anterior pairs represent rowing feet ; at 
the next moult it is converted into the youngest Cyc^«-like 
state, when it resembles the adult animal in the structure of the 
antennae and buccal organs, although the number of limbs and 
body segments is still much less, for only the rudiments of the 
third and fourth pairs of natatory feet have made their appear- 
ance in the form of cushions fringed with setae, and the body 
consists of the oval cephalothorax, the second, third and fourth 
thoracic segments, ana an elongated terminal joint. In the 
Cyclopidos the posterior antennae have lost their secondary branch, 
and the mandibles have completely thrown off the previously 
existing natatory feet, whilst m other families those appendages 
are present, more or less altered. Beyond this stage of Iree 
development many forms of the parasitic Copepoda, such as Ler- 
nanthropuM and Chondraeanthus, do not pass, as they do not 
acquire the third and fourth pairs of limbs, nor does a separation 
of the fifth thoracic segment from the abdomen take place; 
others {Aditheres) even fful to a lower grade by the subsequent 
loss of the two pairs of natatory feet. But all free Copepoda, and 
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most of the parasitic cnistacea, pass through a longer or shorter 
series of stages of development, in which the limbs acquire a 
higher degree of division into joints in continuous sequence, the 
posterior pairs of feet are developed, and the last thoracic seg- 
ment and the different abdominal segments are successively 
separated from the conmion terminal portion.'' (1. c. p. 85.) In 
the Cirripedia and Suctoria the embryos commence free life in 
the Nauplius form, but differ from the corresponding stage in 
the prawns and copepods in that they have a aorsal wiield, and 
that certain peculiar filaments, termed olfactory filaments, 
spring directly from the principal ganglion, and not from the 
anterior antennae. While, however, the young of Suctaria and 
Cirripedia agree in some essential points, they differ in others. 
The Suctorian larva has an abdomen which terminates in two 
short points, while in the Cinipedian larva the same part is 
continued as a long furcate tail. The young Cirripede possesses 
a mouth, stomach, intestine, anus, and two posterior pairs of 
limbs, provided with teeth, setae, and hooks, which are used for 
seeming the food ; but the youns Suctorian has none of these. 
The astomatous Suctorian, not oeing adapted for a long con- 
tinuance in this stAte, soon passes into a second stage, to which 
Darwin has given the name * pupae.' These have a folded cara- 
pace and the general appearance of a Cypris. The Nauplius of 
the Cirripedia has a longer existence as such, and undeigoes 
.several moults before it assumes the Cypris form. In this state 
tiie two ordei-s more resemble each other than in the previous 
Btate, but the Cirripedes are distinguished by having a pair of 
compound eyes, which are not present in the Suctonans. The 
Cypris forms of both orders attach themselves to foreign bodies 
by means of their adherent feet ; those of the Cirripedes select 
hard materials, such as rocks, shells, the carapace of turtles, 
wood, &c., while those of Sucturia select soft bodies, such as the 
abdomens of various Crustacea, The Cirripedes form a peculiar 
testaceous covering, and their feet are modified into vibratHe 
organs which drive currents of water through the mouth. The 
Suctoria remain without a mouth, lose all their limbs, and 
develope from their point of attachment a complicated tubular 
system which is rooted in the substance of their hosts, and 
through which they pump up the animal fluids from which they 
derive their support. In some species of Suctana the individual 
leaves the e^ in the pupa or Cypris form, without passing 
through the Nauplius stage. 

Such is a summary of the curious developmental changes in 
this class of beings. Whv should the young differ from the 
adults? why should there be a general resemblance between the 
very young individuals of the same age belon^ng to the same 
order? and yet why should a few species coffer from their 
nearest allies in mode of development J These, and a hundred 
other questions might be asked — but can we find the space 
in which to answer them ? Some are answered in F. Miiller's 
book which we have already quoted, and to it we woiJd refer 
the reader. The above-mentioned author discusses how far 
the facts support the received views as to the value of the 
characters of the transition states for purposes of classifica- 
tion, the Darwinian theory, and the idea that the changes of 
form in the individual exemplify the changes of form which 
the order or class has slowly imdergone during the distant eras 
of the past. According to some authotities the individuals of a 
class commence with being absolutely identical, as in the egg 
stage. They then travel together in unison for a certain period, 
when some diverge and follow a difl'erent course of development ; 
further changes ensue, and other divergencies follow, so that a 
greater and greater amount of differentiation takes place. On 
this view it is stated that the more nearly allied two species are 
for so much the longer period do they continue to be undistin- 
guishuble. And it is further stated that the importance of the 
parts is regulated by the order in which they are developed. 
t . Miiller entirely dissents from all this. His view, stated as 
briefly as possible, seems to be that while the species belonging 
to the same natural group resemble each other in their mode of 
development, yet tlmt they present variations at every stage of 
their development. These variations have been induced upon 
the same principles as have brought about variation in the adult 
forms. The larval changes, then, represent two sets of varia- 
tions, which we will designate, for convenience, as primary and 
secondary. The primary set represent the hereditary transmis- 
sion of the changes which have taken place in adult forms ; the 
secondary those which have been acquired by the larvae while in 
the larval condition, and which are also passed on from genera- 
tion to generation in an imaltered or modified form. We have 
no room for examples, but one must suffice. The Cirripedia and 



Suctoria leave the e^g in the Nauplius form. The Nauplii pre- 
sent considerable differences amongst themselves, but these are 
lessened, not increased, when they change fi*om Nauplii into the 
Ci/pris form. On exchanging the last state for the mature condi- 
tionj they again follow widely different courses of development 
He conceives that the Nauplii have undergone more variation 
than the Cy%nis form, and hence he would probably admit that 
some of the characters of the Nauplii are ot more recent origin 
than the first appearance of the mature form as at present known. 
It might be inferred that the Nauplii of, say, paleeozoic times, if 
they were known, differed from those of the present day by 
characters which in a classificatory scheme would nave a specific, 
generic, or even ordinal value. Dr. Miiller devotes several 
chapters to a consideration of the evolution of crustaceans from 
a Darwinian point of view, and in order to show the general 
tenor of his ideas, we quote the following passage : — " It would 
be easy to weave together the separate threads furnished by the 
young forms of the various Crustacea into a general picture of 
the primitive history of this class. Such a picture, drawn with 
a little skill and finished in lively colours, would certainly be 
more attractive than the dry discussions which I have tacked on 
to the developmental history of these animals. But the mode of 
weaving in the loose thieads would still in many cases be arbi- 
trary, and to be effected with equal justice in various ways ; and 
many caps would still have to be filled up by means of more or 
less bold assumptions. Those who have not wandered much in 
this region of research would then readily believe that they were 
standing upon firm ground where mere fancy had thrown an 
airy bridge ; those acquainted with the subject, on the other 
hand, would soon find out these weak points in the structure, 
but would then be easily led to regard even what was founded 
upon well-considered facts as merely floating in the air. To 
obviate these conceptions of its true contents from either side, it 
would be necessary to accompany such a picture throughout 
with len^hy dry explanations. This has deterred me firom 
further filling in the outline which I had already sketched. I 
will only give as an example the probable history of the produc- 
tion of a single group of Crustacea, and indeed of the most 
abnormal of all, the Rhizocepkala (embracing most of the para- 
sitic forms, such as Caligus, Lernceaf &c.), which in the sexually 
mature form differ so enormously even from their nearest allies, 
Cirripedia, and from their peculiar mode of nourishment stand 
quite alone in the entire animal kingdom. I must preface this 
with a few words upon the homology of the roots of the Bhizo- 
cephala, t.e., the tubules which penetmte from its point of 
adhesion into the body of the host, ramify amongst the viscera 
of the latter, and terminate in csecal branchlets. In the pupae of 
the Bhizocephala the foremost limbs (prehensile antennae) oear, 
on each of the two terminal joints, a tongue-like, thin-skinned 
appendage, in which we may generally observe a few small 
strongly refractive granules, like those seen in the roots of the 
adult animals. I have therefore supposed these appendages to 
be the rudiments of the future roots. A perfectly siniilar appen- 
dage, * a most delicate tube or ribbon,' was found by Darwin in 
free swimming pupae of Le)xis australis on the last joints of the 
prehensile antennae. From the perfect accordance in their 
entire structure shown by the pupae of the Rhizocepkala and 
Cirripedia, there can be no doubt that the appendages of Saccttr 
Una and Lepas which are so like each other and spring from the 
same spot, are homologous structures. Now in tnese species of 
Lepas, m IHchelaspis JVarmchii and in Scalpellum Peronii, Darwin 
saw, on tearing recently affixed animals from their point of sup- 
port, that a long narrow band issued from the same point of tne 
antennae ; its end was torn away, and in BicJielaspis, judging £rom 
its ra^ed appearance, it had attached itself firmly to the sup- 
port. From tnis it follows that this appendage in Lepas austraiit 
can hardly be anything but a young cement duct. If, therefore, 
the supposition that the appendages on the antennae of the pupae 
of Bhizocephala are young rooti be correct, the roots of tne 
Bhizocephala are homologous with the cement ducts of the Ctari- 
pedia. And this, strange as it may seem at first sight, seems to 
me scarcely doubtful. It is true tliat the act of adhesion of the 
BhizoeephfUa has never been observed, but it is more than pro- 
bable that they attach themselves, just like the Cirripedia, by 
means of the antennae, and that, therefore, the points of attach- 
ment in the two groups indicate homologous parts of the body. 
From the point of attachment in the Bhizocephala the roots 
penetrate into the body of the host, whilst in the Cirripedia the 
cement ducts issue from the same point The roots are blind 
tubes, ramified in different ways in different species. The 
cement ducts in the basis of the Balanidce likewise constitute a 
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generally remarkably complicated system of ramified tubes, with 
regard to the mode of termination of which nothing certain has 
yet been made out. Individual cxecal branches are not un fre- 
quently seen even in the vicinity of the carina ; and, at least in 
some species, in which the cement ducts divide into extremely 
numerous and fine branchlets, forming a network which gradually 
becomes denser towards the circumference of the basis, these 
seem nowhere to possess an orifice. 

" Now as to the question : How were Cirripedia converted by 
natural selection into Rhizoceph^la ? A considerable number of 
existing Cirripedia settle exclusively or chiefly upon living 
animals; on sponges, corals, mollusks, cetaceans, turtles, sea- 
snakes, sharks, crustaceans, sea-urchins, and even on acalephs. 
Dichelaspis Darwinii was found by Filippi in the branchial 
cavity of Palinurus vulgaris, and I have met with another 
species of the same genus in the branchial cavity^ of Lupea 
aiacantha. The same thing may have taken place m primitive 
times. The supposition that certain cirripedes might once upon 
a time have selected the soft ventral surface of a crab, Porcelkina 
or PaguruSf for its dwelling-place, has certainly nothing impro- 
bable about it. If, then, the cement ducts of such a cirripede, 
instead of merely spreading on the surface, pierced or pushed 
before them the soft ventral skin and penetrated to the interior 
of the host, this must have been beneficial to the animal, be- 
cause it would be thereby more securely attached and protected 
from being thrown off during the moulting of its host. Varia- 
tions in this direction were preserved as advantageous. But as 
soon as the cement duct^ penetrated into the body cavity of the 
host, and were bathed by its fluids, an endosmotic interchange 
must necessarily have been set up between the materials dis- 
solved in these fluids and in the contents of the cement ducts, 
and this interchange could not be without influence upon the 
nourishment of the parasite. The new source of nourishment 
opened up in this manner was, as constantly flowing, more 
certain than that offered bv the nourishment acciaentalljr 
whirled into the mouth of the sedentary animals. The indi- 
viduals favoured in the development of the cement ducts, now 
converted into nutriferous ducts, had more than others the pros- 
pect of abundant food, of vigorous growth, and of producing a 
numerous progeny. With the further development, assisted by 
natural selection, of the roots embracing the intestine of the host 
and spreading among its hepatic tubes, the introduction of 
nourishment through the mouth and all the parts implicated in 
it, such as the whirling cirri, the buccal organs, and the intes- 
tine, gradually lost their importance, became absorbed by disuse, 
and finally disappeared without leaving a trace of their exist- 
ence. Protectea by the abdomen of the crab, or by the shell 
inhabited by the Pagurus, the parasite also no longer recjuired 
the calcareous test, in which, no doubt, the first cirnpedes 
settling upon these decapods rejoiced. This protective covering 
having become superfluous also disappeared, and there remained 
at last only a soft sack filled with eggs, without limbs, without 
mouth or alimentary canal, and nourished, like a plant, by 
means of roots which it pushed into the body of its host The 
CHrripede had become a Khizocephalon. If it be desired to form 
a notion of what our parasite may have looked like when halfway 
in its prop-ess from the one form to the other, we may consult the 
figures given by Darwin {Lepadidce, pi. iv., figs. 1 — 7) of An^- 
Uuma fqualicola. This LepatJide, which lives l^)on sharks in the 
North Sea, seems, in fact, to be in the best way to lose its cirri 
and buccal oigans in the same manner. The widely-cleft shell- 
less test is supported upon a thick peduncle, which is immersed 
in the skin oi the shai-k. The surface of the peduncle is beset 
with much ramified hollow filaments, which * penetrate the 
shark's flesh like roots ' (Darwin). Darwin looked in vain for 
cement glands and cement It seems to me hardly doubtful 
that the ramified hollow filaments are themselves nothing but 
the cement ducts converted into nutritive roots, and that it is 
just in consequence of the development of this new source of 
nourishment that the cirri and buccal organs were in the highest 
degree absorbed. All the parts of the mouth are extremely 
minute; the palpi and exterior maxillaD have almost disap- 
peared ; the cirri are thick, inarticulate, and destitute of bristles ; 
and the muscles both of the mouth and cirri are without trans- 
verse striation. Darwin found the stomach perfectly empty in 
the animal examined by him. Having reached the Naujuius, 
the extreme outpost of the class, retiring furthest into the gray 
mist of primitive time, we naturally look round us to see 
whether ways may not be descried towards other bordering 
regions. By the structure of the abdomen in Nauvlitu we 
might be reminded^ like Oscar Schmidt, of the moveable caudal 



fork of the Rotatoria, which we may regard as near allies of the 
Onistacea, or at any rate of the Arthropoda, But I can see 
nothing certain. Even towards the nearer provinces of the 
Myriopoda and Arachnida I can find no bridge. For the Insecta 
alone the development of the Malacostraca may perhaps present 
a point of union. Like many Zo'iaSy the Insecta possess three 
pairs of limbs serving for the reception of nourishment, and 
three pairs serving for locomotion; like the Zo^a they have an 
abdomen without appendages ; as in all Zoeas the mandibles in 
insects are destitute of palpi. Certainly but little in common 
compared with the much which distinguishes these two animal 
forms. Nevertheless the supposition that the hisecta had for 
their common ancestor a Zo'ea which raised itself into a life on 
land, may be recommended for further examination. Much in 
what has been adduced above may be erroneous ; many an inter- 
pretation may have failed, and many a fact may not have been 
placed in its proper light. But in one thing I hope I have 
succeeded — in convincing unprejudiced readers that Dar^nn's 
theory furnishes the key of intelligibility for the developmental 
history of the Crustawa, as for so many other facts inexplicable 
without it The deficiencies of this attempt, therefore, must not 
be laid to the charge of the plan drawn out by the sure hand of 
the Master, but solely to the clumsiness of the workman who did 
not know how to find the proper place for every portion of his 
materials." (Williamson, Quarterly Journal of Microscopical 
Science, viii., p. 35 ; Salter, Journal of the Linnean Society, iv., 
p. 30; Brandt, Bulletin de VAcad. Sci. St. Petersburg, viii., coL 
416; Miiller, Facts for Darxcin, translated by W. S. Dallas; 
Record of Zoological Literature, vols. i. — iv.) 

CTENOPHORA. The information respecting this group of 
oiganisms contained in E. C. will be founa under the headmgs 
AcALEPHiE, BERofi, Caltmma, and Callianira. Its rank in the 
animal world has been variously estimated, but most of the best 
authorities now agree that it is an order in the class Actinozoa, 
and that it should be placed at the head of this class. Professor 
Clark objects to this view, and maintains that Ctenophora should 
be regarded as a class intermediate between the Hydrozoa and 
the Echinodermata. In some points the group has considerable 
structural resemblance to the nydrozoa and Actinozoa, while in 
others, which appear to be of high classificatorv value, since they 
occur in every species, it approaches the Echinodermata. and at 
the same time differs marKedly from the other classes men- 
tioned. Macdonald considers that the order forms an inter- 
mediate link between the Actinozoa and Polyzoa. These diffe- 
rential points would induce us, individually, to pause before 
endeavouring to make all parts of the organism conform to the 
Actinozoa type of structure, since mistakes may arise from 
regarding these objects from a preconceived point of view when 
we are msuflSciently acquainted with their structure and life 
history. In order to bring out the general features of the 
Ctenophora, we propose to mainly confine our attention to one 
species. This is the Pleurobrachia rhododactyla of the American 
snores of the North Atlantic, which appears to represent in 
that area the common Pleurobrachia ptkus of the European 
shores. The synonj'my of those species is so confusing that we 
will not attempt to point out its intricacies, but will simply 
say that both have been named Cydippe pileus; and that the 
figure described under this name in E. C. voL i. col. 34, appa- 
rently belongs to the European species. 

The general appearance of the species under notice may be 
gathered from the following observations by Professor Agassiz : 
— " There can be scarcely anything more beautiful to behold 
than such a living transparent sphere sailing through the water, 
coursing one way or another, now slowly revolving upon itself, 
then resuming a straight course, or retrograding, advancing or 
moving sideways in all directions with equal precision and 
rapidity, then stopping to pause, and remaining for a time 
almost immovable, a slight waving of some of its vibrating 
organs easily counterbalancing the difference of its specific 
gravity and tnat of the water in which it lives. So Pleurobrachia 
may appear at times, and so does it also appear when moving 
in a state of contraction. But generally wnen active, it hangs 
out a pair of most remarkable appendages, the structure and 
length and contractility of which are equally surprising, and 
exceed in wonderful adaptation all I have ever known among 
animal structures. Two apparently simple, irregular and un- 
equal threads hang out from opposite sides of the sphere. Pre- 
sently these appendages may elongate, and equal in length 
the diameter of the sphere, or surpass it, and increase to two, 
three, five, ten, and twenty times the diameter of the body, and 
more and more, so much so that it would seem as if th^e 
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threads had the power of endless extension and development. 
But as they lengthen they appear more complicated ; from one 
of their sides other delicate threads shoot out like fingers, forming 
a row of heaKls like those of the most elegant ostnch feathers, 
and each of these threads itself elongates till it equals in length 
the diajneter of the whole body, and oends in the most gjraceful 
curves. These two long streamers, stretching out in straight or 
undulating lines, sometimes parallel, then diverging or variously 
curving, follow the motions of the main sphere, oeing carried on 
with it in all its movements, which are no doubt influenced by 
them to a considerable extent. Upon considering this wonderful 
being, one is at a loss which most to admire, tne elei^ance and 
complication of that structure, or the delicacy of the colours and 
hues, which, with the freshness of the morning dew upon the rose, 
shine from its whole surface. Like a planet round its sun, or, 
more exactly, like the comet with its magic tail, our little animal 
moves in its element as those larger bodies revolve in space, but 
unlike them and to our admiration, it moves freely in all direc- 
tions ; and nothing can be more attractive than to watch such a 
little living comet as it darts with its tail in undetermined ways, 
and revolves upon itself, unfolding and bending its appendages 
with equal ease and elegance, at times allowing them to float for 
their whole length, at times shortening them in quick contrac- 
tions and causing them to disappear suddenly, then dropping 
them, as it were, from its surface, so that they seem to fall 
entirely away, till, lengthened to the utmost, they again follow 
in the direction of the body to which they are attached, and with 
which the connection that regulates their movements seems as 
mysterious as the changes are extraordinary and unexpected. 
For hours and hours I have sat before them and watched their 
movements, and have never been tired of admiring their graceful 
undulations. And though I have found contractile fibres in 
these thin threads, showing that these movements are of a 
muscular nature, it is still a luiique fact in the organisation of 
animal bodies that parts may be elongated and contracted to 
such extraordinary and extensive limits by means of muscular 
action. And what is so surprising is not so much the sudden 
and powerful contraction which brings within the compact limits 
of a pin^s head the whole mass of these tentacles that a moment 
before were floating so elegantly through such a great extent in 
the water, as the relaxation, which takes place in an absolutely 
passive manner ; for, when watching them, we are suddenly 
struck with astonishment on finding that the tentacle which we 
expected to see drop to the bottom of the jar is still in organic 
connection with the body from which it hangs. At one moment 
the threads, when contracted, seem nodose; next, when more 
elongated, these knots are stretched into the appearance of a 
spirtu ; next, the spiral, elongating, assumes the appearance of a 
straight or waving line. But it is especially in the successive 
appearances of the lateral fringes arising from the main thread 
that the most extraordinary diversity is displayed. Not only 
are they stretched under all possible angles from the main stem, 
at times seeming perpendicular to it, or bent more or less 
in the same direction, aiid again as if combed into one 
mass ; but a moment afterwards every thread seems to be 
curled or waving, the main thread being straight or undulating ; 
then the shorter threads will be stretched straight for some dis- 
tance, and then suddenly bent at various angles upon themselves, 
and perhaps repeat such zig-zags several times, or they may be 
stretdied in one direction and bent at various angles in the plane 
of another direction ; then they may be coiled up from the tip, 
and remain hanging like pearls suspended by a delicate thi*ead 
to the main stem, or like broken ix)d8 which lie bent in an acute 
angle upon themselves with as stiff an appearance as if the whole 
was made up of wires ; and, to complete the wonder, a part of 
the length of the main thread will assume one appetirance, and 
another part another, and pass from one to the other in the 
quickest possible succession ; so that I can truly say I have not 
known in the animal kingdom an organism exhibiting more 
sudden changes and presenting more diversified and beautiful 
images, the action meanwhile being produced in such a way 
as hardly to be understood. For, when expanded, these threads 
resemble rather a delicate fabric spun with the finest spider's 
thread, at times brought close together, combed in one direction 
without entangling, next stretched apart, and preserving in this 
evolution the most perfect parallelism among themselves, and at 
no time and under no circumstance confusing the iringes of the 
two threads : they may cross each other, they may be apparently 
entangled throughout their length, but let the animal suddenly 
contract and all these innumerable interwoven fringes unfold, 
contract, and disappear, reduced as it were to one little drop of 



most elastic india-rubber. Week after week I have preserved 
these animals alive, and have never been tired of comparing 
again and again their changes in these thousandfold developments 
01 their appendages. I have called together those who felt the 
slightest curiosity for such objects to witness these phenomena, 
and have found them all interested to the utmost, and if I have 
anything to regret, it is not the time lost in this contemplation ; 
for the more I became familiar with the sight, the more was I 
impressed with its beauty, as I could contrast with the new 
forms presenting themselves before my eyes those diflerent states 
with which I had been familiar before ; but the circumstance 
that the time was too short to trace such a connection between 
all the microscopic details of their structure and their functions, 
as would fully explain the latter ; although I am aware that I 
have noticed many particulars which had not been observed 
before.** 

This lovely object, tinted with the most delicate hues, and 
so diaphanous that the minute structural details can hardly 
be discriminated, is not strictly spherical, nor do all its outlines 
follow the same curvature. At one part there are two slight 
linear protuberances which mark the position of the mouth ; 
and at the opposite extremity there is a slight depression ; the 
line joining these two parts represents the medial, veitical, or 
actinal axis of the animal. The end where the mouth is placed 
may be termed the oral extremity, and the opposite the aboral 
extremity. Agassiz uses the terms actinal and aoactinsd to denote 
these parts. The direction of the oral fissure is believed to be 
always homologically the same, and the plane which coincides 
with it is uniformly termed the caliac, or fore and aft diameter, 
since it indicates the antero-posterior line of the body. In 
many Aciinozoa the two ends of the oral fissure are somewhat 
diflerent, so that we can distinguish which is front and which 
is back ; but in Pleurobrachia they are undistinguishable. The 

Elane here referred to divides the body into two lateral 
alves, which are precisely identical. The plane at right angles 
to the coeliac may be termed the diacceliac diameter; it may be 
readily distinguished from its position relatively to the mouth, 
and from its coinciding with the line of the tentacles, from 
which circumstance it has sometimes been called the tentcLctUar 
diameter. It is necessary to bear in mind the relations of these 
pails one to the other, as ^vithout a fixed i)osition, it is almost 
impossible to accurately compare these organisms one with the 
other ; for in some the oral extremity is habit Uidly directed 
upwards, as in Pleurobrachia ; in others downwards, as in Bolina; 
wnile in yet others it is more or less horizontally directed, and 
situated at the forward end when in motion, as m Idyia, The 
descriptions of the position of the organs have mainly had 
reference to the usual position of the animals, so that they have 
been as often in harmony with as in contradiction to the reid. 
homological relation of the parts. 

In Pleurobrachia the body is slightly elongated in the direction 
of the actinal axis, and the coeliac diameter is somewhat longer 
than the diacoeliac; in other woixls, it is compressed latcrafly. 
The surface of the body bears eight rows of locomotive flappers 
or ctenophoi*es, so called from their comb-like arrangement. 
These rows run in the actinal direction; but they do'not extend to 
either pole of the sphei-e. At one pole is the mouth with a sur- 
rounding area; and at the opposite pole is another elliptical 
area free from ctcnophores, in the centre of which is a minute 
spherule, the nature of which is uncertain. The rows are 
not equidistant, but are arranged in pairs, two pairs being 
grouped together on each side of the mouth, and presenting a 
good illustration of that remarkable combination of bilaterahty 
and radiation which is so frequently met ^vith in this order. 
Such is the usual form assumed by this species, but it must not 
be supposed that it is stereotyped and imalterable. On the 
contrary, every part is capable of extension and dilation ; the 
mouth sometimes becomes oval or circular ; the body is some- 
times elongated and almost cylindricaL This variation of form 
is similar to what may be seen in sea anemones, each species of 
which has a characteristic shape, and yet, as any sea-side ob- 
server may notice, anemones will occasionally distort liemselves 
in the most extraordinary fashion. 

We will next briefly describe the nutrient system, com- 
mencing with the mouth. Tliis aperture leads into a cylindrical 
canal, which extends for rather more than half the length of 
the actinal axis, and contracts slightly at its lower extremity. 
Tliis may be homologous with the digestive cavity of an actino- 
zoon, or, as seems to us quite as probable, the polypite of some 
of the quadrijjartite Medusidc^, It opens into a shorter but much 
wider cavity, which is called the 'tunner from its shape, due to 
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the gradual diminution of its diameter towards the aboral 
extremity, but before reaching that extremity it bifui'cates, and 
forms two apical canals, which pass on either side of the spherule 
above-mentioned, or ctenocyst, and terminate in two pores, known 
as the apical, or anal, or coelicic pores. From the oral and wide 
extremity of the funnel issue a pair of canals, which trend up- 
wards piuullel to the fiat sides of the digestive sac, but they ter- 
minate in blind ends. They are designated the paragastric 
canals. Lastly, there is a third pair of canals which diverge from 
the upper comers of the funnel and proceed, in a more or less 
horizontal direction, towards the pits in which the tentacles are 
lodged, but before reaching them each canal bifurcates, and each 
branch again divides into ^o, so that ultimately there are eight 
radial canals. These canals open into eight others which follow 
the direction of the actinal axis, and underlie the rows of loco- 
motive flappers, whence they are termed the cienapJwral canals. 
They terminate csDcally at both extremities, 'this elaborate 
system of vessels answers to the somatic cavity of an Actinozoon 
or Hydrozoon, and performs the same functions. The digestive 
sac is adapted to the extraction of the alimentary portion of the 
food, while the nutrient vessels are for the distrioution of the 
nourishing fluid to all parts of the body. This fluid is so 
lai^ly composed of w^ater that it may be regarded as a weak 
solution of animal matter. It is not blood, not bein^ of so spe- 
cialised a nature. Professor Agassiz seems to consider it analogous 
to chyme, since he terms the nutrient vessels the chymiferous 
system. The waste products are discharged through the cceliac 
pores, which Agassiz objects to being called anal pores, since 
they are immediately connected with the nutrient vessels, and 
not with the digestive system. They perform the functions of 
an anus, but as they occur in a diflierent part of the oiganism 
they should not be considered to be homologous with that part 
The shape and size of the various passages are constantly altering 
according to their decree of distension or contraction. Having 
sketched the general position of the canals, we may briefly 
notice their functions. The food, which chiefly consists of other 
CtetiophoroB, is taken in through the widely distended mouth, 
and retained in the digestive sac until reduced to a pulpy disin- 
tegrated condition, ft is then discharged along with a lai^ 
quantity of water into the funnel, and there kept in constant 
rotation by means of cilia. It is next forced into the canals of 
one side by the muscular contraction of the opposite side of the 
body. In these canals the fluid is made to follow an up-and- 
down current by means of cilia which line all the passages. 
After an interval the muscular fibres of the tuigescent half of 
the body are violently contracted, and the fluid is forced into 
the dtnals of the opposite half, there to circulate for a short 
space of time. There appear to be no minute capillary tubes, 
so that probably the direct contact of the fluid with the tissues 
is effected by osmotic action. The tentacular apparatus is very 
complicated, and it is not quite clear from the published accounts 
in miat way the process of extension and contraction is effiected. 
The base of the tentacle is a laige mass situated towards the 
oral extremity of the j^y, and connected with one of the lon- 
gitudinal canals. From this point it extends through the sub- 
stance of the body and emerges on the aboral side. The ten- 
tacular pit is open to the surrounding water, but has no com- 
munication with the interior of the animaL The tentacle itself 
is hollow and is connected with the system of nutrient vessels. 
The shortening and lengthening of the tentacles appear to have 
a close connection with the movements of the body from one 
side to the other, but, independent of this, muscular action also 
appears to play a conspicuous part Professor Agassiz says, 
** tne two tentacles with their elongated cavity, and the vertical 
tubes extending along the base of the tentacular apparatus con- 
stitute, indeed, most complicated pieces of machinery, in which 
hydrostatic power, elastic levers, and the contraction of the 
motory celle^ give rise to highly complicated combinations and 
most diversified phenomena.'' He, however, denies the exist- 
ence of musculiur fibres, although, on a previous page, he 
states he has seen them. He seems to conceive that the 
motor power resides in certain cells, which form the great 
bulk of the body, and have a special arrangement, as wiU be 
noticed presently. At present we would observe that what 
Agassiz Delieves are the margins of the cells are, according 
to Professor Clark, elastic fibres. Thus Clark remarks : — 
''At the time the investigation of the gelatiniferous mass of 
Fleurobrachia rhododactyla, Ag., was made, I had not in my pos- 
session lenses of the proper definition and working distance to 
make out the histological elements with the requisite care that 
such excessively tr^parent bodies demand, and, therefore, 
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using inferior lenses, I fell into an error which I am only too 
glad to correct. Since that time I have obtained one of ToUes' 
half-inch objectives with an exceedingly sharp definition and an 
extraordinary working distance ; so that I have been enabled to 
work with perfect freedom upon the living animal and without 
injuring its tissues in the least What formerly I mistook to be 
the outlines of the walls of enormous cells are in reality elastic 
fibres. The mistaking the fibres for the profile of cell walls doea 
not affect the arrangement in the least, as I formerly described 
it, and which 1 have since verified with my new objectives. The 
elastic fibres assume various forms according to the degree of 
expansion or contraction of the animal ; sometimes they are 
perfectly straight, and at others they are contracted either in a 
loose spiral, or retracted into a loose coil. This is most easily 
observe<l in young specimens. In the young of another Cteno- 
phoran, viz., Bolina alata, Ag., about ^^nd of an inch in diameter, 
at which size its proportions, shape, the considerable depth of 
the tentacular sockets, and the length of its tentacles render it 
remarkably like a Fleurobrachia, the elastic fibres are very few, 
but Quite conspicuous, and have a peculiar mode of branching. 
Single fibres extend radiatingly from the comers of the stomach ; 
when about half way to the surface of the body, each fibre forks 
two or three times, and then one prong goes to each of the two 
nearest longitudinal chymiferous tul^, and the third one ex- 
tends to the base of the deep tentacular socket. This is the 
general arrangement at this age, although occasionally one of 
the prongs of the fork is absent or only partially developed. 
Sometimes each prong forks again at a narrow or wide angle. 
From the tentacular sockets fibres extend also to the simace 
midway between the mouth of the former and the adjacent lon- 
gitudinal chymiferous tube. So few are all the fibres, however, 
that with a casual clance they might be mistaken for light, 
unimportant bodies, nere and there, instead of such methodi- 
cally arranged bodies.'* The body is divided into eight regions 
by the ctenophoral bands, which Agassiz designates interamhu- 
lacral; while the bands themselves constitute the ambulacral 
regions. The former are the widest and protrude slightly be- 
yond the latter, so that there are eight broad ridges, and eight 
narrower depressions. The broad ridges are formed by a system 
of cells whicn trend across the interambulacral spaces ; so that 
when they contract the ctenophores are brought closer together. 
A set of cells with a parallel trend surround the mouth. Each 
of the rows of locomotive flappers is underlain by cells trans- 
versely disposed ; and the flappers themselves, Agassiz suggests, 
are thus external prolonpitions of the cells, and with his views 
respecting the nature of the cells, he would thus explain the 
activity which seems to be inherent in the flappers. Thus he 
states, " as these cells are simple prolongations from the midst of 
other similar cells, we shoula take it for granted that they have 
similar motive powers ; for no action of special muscles— sup- 
posing they were present, which is not true — could be so trans- 
mitted from the base along the flapper as to give it that peculiar 
curve which it frequently assumes when in a stationary condi- 
tion; but any one may imderstand how the cells themselves 
can assume such a curve, and that each combined row of cells 
moves by the inherent power of its components, for, as we have 
frequently observed, when the flappers are minutely split up 
from edge to base, each cell vibrates isolatedly, and either in 
consonance with the others or at random." The cells already 
noticed occupy the superficial parts ; all the deeper seated and 
more solid portions ol the boaj are also composed of motory 
cells, wliose long axes stretch m curves from the cceliac axis 
towards the surface, and hence their lines of action are at right 
angles to those of the superficial ceUs. The tentacles are lined 
externally by a layer of vesicles which are true urticating organs, 
analogous to those found in other Actinozoonsand in the Hydro- 
zoons ; but the structure of these organs is peculiar. Those of 
the Hydrozoa and Actinozoa generally are described under Acri- 
NOZOA and Htdrozoa, E. C. S. In Pleurobrachia, and probably 
most Ctenophora, they are spherical when not in contact, covered 
externally with minute granules, and have coiled within them a 
simple solid thread whidi is attached by one end to the inner 
wall, while the opposite end is free. When used for prehensile 
or offensive purposes the thread is evolved by simple uncoiling, 
and is protruded from the cell, not by eversion or bursting 
through, but by being discharged through an aperture formed 
by the retraction of the walls of the cell. Adhesion is effected 
by simple contact ; and the tenacity of hold is said to be very 
great. This is very different from the mode of action in the 
Hydrozoa and most of the Actinozoa, in which the threads are 
evolved by the eversion pf the lasso cell, and a holdfast is ob- 
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tained, not by pimply sticking to the foreign body, bnt by the 
ends being sent into its substance and retained there by out- 
standing spikes. The ctenocyst is another feature peculiar to 
the CteTumkora, It is a black speck in the depression on the 
aboral side of the body, but its functions are problematical. It 
has been variously surmised to be an eye speck, or an auditory 
capsule. It has a dense, elastic wall, and contains a fluid in 
which lie a number of minute concretions which appear to be 
subject to a peculiar Wbratory movement. So far as structure is 
concerned this rather resembles an otolith, such as occur in GruS' 
tacea, than an organ of vision, however rudimentary. It is believed 
to correspond with the marginal spherules in the Medusidce, and 
perhaps the terminal specks in star fishes. The existence of a 
nervous system has not been established ; but the following 
passage from Greene will indicate what little is known on this 
point : — " The nervous system of the Ctenophora consists either 
of a single ganglion or of a pair of ganglia closely approximated, 
giving origin to numbers of delicate nerve-like cords. The gan- 
glion lies deeply seated within the pyramidal mass of ectoderm 
included between the apical canals, towards the narrow extremity 
of which its apex is directed, while its base rests upon the sur- 
face of the ctenocyst. In form it is sub-pyriform, or bluntly 
conical ; anatomically it seems resolvable into a thin transparent 
wall enclosing granular contents ; in colour, it is most freouently 
pale yellow. From this central mass issue two principal series 
of ner\-ous cords, one of which arches inwards towards the walls 
of the digestive canal, and in some cases separates into four sets 
or bundles to supply the principal regions of the body. The 
nerves of the second series, usually eight in number, are distri- 
buted along the rows of surrounding combs so as to be between 
the latter and their corresponding canals ; these cords appear 
dilated at intervals into numerous minute ganglionic filaments, 
one for each of the ciliated plates ; an arrangement wliich, if 
corroborated by subsennent investigations, would go far to throw 
some light upon the singular and quasi-independent movements 
which these combs perform in the living animal. There is still, 
however, much diversity of opinion as to the true interpretation 
of the parts just described. Kolliker, while recognising in 
Chiajea the presence of delicate cords extending from comb to 
comb, expresses himself nevertheless as very doubtful of the 
existence of a nervous system in any of the Ctenophora which he 
had himself investigated. Agassiz is equally sceptical. ' On the 
other hand the careful observations of Will, Milne-Edwards, 
and, more recently, of Gegenbaur, point to an opposite conclu- 
sion. Somewhat similar are the views of Frey and Leuckart. 
All the preceding writers are unanimous in rejecting the prior 
account of the nervous system of PUurohrachia given by Grant, 
who describes a double nervous ring surrounding the moiith, in 
the course of which he thought he could detect eight ganglia, 
each giving off on either side two fibres, and a fifth large fila- 
ment, traceable onwards beyond the middle of the body. Yet 
this description, when carefully considered, is less irreconcileable 
with the views expressed on the same subject by other observers 
than seems to be usually supposed." 

The development of PUurohrachia rhododadyla has been de- 
Bcribed by A. Agassiz. The earliest phase of the embryo is 
passed within the egg, in the fluid of which it swims about 
actively. At a very early period of its existence it has some- 
what the appearance of the adult, being slightly pear-shaped, 
one end being round, and the other flat. At first it is, 
apparently, a solid mass, but a cavity is soon formed at the 
round en^, which end will ultimately be the oral pole; and the 
cavity is the rudimentary digestive sac. At the opposite pole of 
this body is a large transparent protuberant sphere, with two or 
three granules, which is easily recognised as the ctenocyst. At 
the two sides are two small protuberances, the indications of the 
future tentacles; and on either side of the tentacular knobs is a 
very short double row of locomotive flappers. At a subsequent 
stage the digestive cavity has grown from a circular into an 
elliptical space, and the tentacular knobs have elongated into 
long tentacular processes, which are gracefully curved, like the 
handle of a jar. The diacoeliac diameter increases faster than the 
cceliac. The digestive cavitv continues to widen and elongate, 
and the ctenophores extend farther along the body. By the time 
the cavity is on a level with the oral end of the rows, a small 
spherical cavity occurs beneath the ctenophores, which gradually 
increase into a long canal, and the space separating it from the 
digestive cavity as gradually diminisnes. The flappers become 
longer, and soon ec^ual in length the semi-diameter of the body. 
The tentacles also mcrease up to a length of three or four times 
that of the body. By this time a small space has opened out 



beneath the ctenocyst, and haa given rise to two branches opening 
on the surface of the body. This is the funnel, with its coeliac 
canals and pores. While all this has been going on, the 
creature haa been incessantly swimming round and round its 
prison. Changes still progress; the digestive and ambulacral 
cavities imite, the wall covering the oral extremity of the 
digestive cavity is perforated, and as soon as the mouth is formed 
the embryo escapes from the egg. The changes then follow each 
other in more rapid succession. The digestive cavity assumes 
the compressed condition normal to the mature form when not 
distended with food; the rows of locomotive flappers are trans- 
formed from double rows into two single rows; and the system 
of nerves which radiate from the funnel to the longitudinal 
or ambulacral canals, is elaborated. The tentacle, which was a 
simple thread, is now provided with a series of slender offshoots; 
the rows of flappers have extended far beyond the aboral 
extremity of the digestive cavity; and the ctenocyst now lies in 
a hollow. At this stage the embryo is about half-an-inch in 
diameter, and has all the appearance of the adult form, the diffe- 
rence between the coeliac and diacceliac diameters being much 
less than in the earlier phases. The adults are bisexual, the 
ovaries and spermaries being contained in the same individuals. 
They are arranged on the partitions between the longitudinal or 
ambulacral vessels, each partition containing on either side the 
same sexual organ ; hence the arrangement is that each alternate 
partition has spermaries, and the intermediate ones ovaries. 
This is the usual arrangement in the order, and it is an arrange- 
ment which recalls to mind that which is found in the Actinozoct. 
But there is this difference, that whereas in Ctenophora bi- 
sexuality is the rule, in Actinozoa it is the exception. 

One very noticeable feature is that although Ctenophora have 
the general structural plan, partly of the Actinozoa and partly of 
the Hydrozottj it differs from both in its mode of development, 
and in its embr}'o stage presents no greater resemblance to either 
than when adult. The characteristic ctenophores make their 
appearance very early, and there is nothing analogous to the 
sessile condition which prevails throughout the Actinozoa 
(exclusive of the Ctenophora) and the Hydrozoa. Further, we 
may notice that the developmental changes are as slight as in the 
Actinozoay and not to be compared with the varied series of 
forms through which the Hydrosoa pass. From an embryo- 
logical point of view there seems to be great diflSculty in 
recognising that the Ctenophora form an order in the cla^s 
Actinozoa. But when we cast about to see whether the larva) 
of Ctenophora resemble any other class in structure, there does 
seem to be a strong relation between the embryos of Ctenophora 
and Echinodermata. This is indicated by A. Agassiz, who 
observes that " in the bilateral symmetry of the Ctenophora we 
are constantly reminded of the general appearance of the 
Echinoderm larvae, in which the radiate structure should still 
be so far apparent as not to be concealed by the bilateral 
symmetry. Looking at the Ctenophorce as prophetic animals, we 
are able to understand the separation of the digestive cavity into 
two distinct parts. It is only what we find more fully developed 
in the Echinoderm larvae; the separation of a sort of alimentary 
canal in Ctenophorce from the rest of the digestive apparatus, 
exactly corresponding to what exists in Echinoderm larvae. The 
connection between the water system and the digestive system 
is likewise precisely similar to that of Echinoderm m their larval 
state; for althougn in the adult star fish, or sea urchin, or 
ophiuran, there is no apparent connection between the ambu- 
lacral and digestive systems, yet in the young larvae we can see 
that this connection exists, the water system being formed by 
diverticula from the digestive cavity; while the injections of 
Professor Agassiz have proved the existence, in the adult, of a 
similar connection in Echinarachniiis, Mellita, and in dyveaster. 
It was only after the embryos of Echinoderms had been 
compared with Ctenophora, that imdoubted evidence of their 
identity of plan was ootained.'' The Ctenophora, in short, seem to 
have features common to them, and allied orders and classes ; but, 
so far as we are competent to express an opinion, it seems that 
their relation is best expressed by calling them actinoid, or 
rather alcyonoid, medusro, on which view the digestive sac of 
Ctenophora would correspond with the polypite of the MeduMce. 
The runnel of Ctenophora would answer to the somatic cavity of 
the Meduaido!, or the part contained within the bell; but 
whereas in the one the digestive sac is dependent in the somatic 
cavity ; in the other, it forms an adjunct to the cavity, the mouth 
being turned in the opposite direction. It would be difiBcult, 
however, to make our view clear without the aid of figures. 
Mr. Macdonald takes quite a different view of the matter. 
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He considerB that the funnel and apical canals represent the 
intestine and anal canals, while the lateral passages alone fonn 
the somatic cavity ; the rows of locomotive flappem are, in his 
view, the homologue of the brachial sac of ttie Tunicata, or 
the fringed arms of the Brackiopoda ; that PUurobrachia is the 
intermediate link between the Actinozoa and Poluzoa ; and that 
the Ctenaphcra should be arranged along with the Molluiwida 
rather than with the dzlerUeraia, as represented in the annexed 
table : — 



MoUuscoida, 



f With primary 

I haemal and final \ Ascidiozoa. 



^ ) 
al V 



Otenophora, 



Intestine insulated from J neural flexure. 

the somatic cavity. i xir-^x, - ^ ^ t> i. • >.j 

•^ With simple ) Brachicfoda^ 

I neural flexure. \ and Potyzoa. 

Intestine straight, and communicating with 
the somatic cavity . • . . . 

OcelerUerata. 

Intestine obliterated ; stomach communi- 
cating with the somatic cavity . . . Actinozoa, 
True stomach obliterated, its office being 
answered by the somatic cavity . . Hydrozoa. 
Taking the Ctenophora as a central group, he conceives that 
the others are modified forms, the modification being either pro- 
gressive or retrogressive, and referable to either the alimentary 
or tentacular systems, as more fully shown below. 

I. 

Modifications of Alimentary System. 

♦ Progressive. 

Complete insulation of the intestine from the somatic cavity. 
a. Primary type, with simple neural flexure. Brachiopoda 

and Polyzoa. 
h. Secondary type, with primary hsomal and final neural 

flexure. AsMiozoa, 

** Retrogressive. 
a. Primary type. Stomach more completely insulated by the 

addition of an intestine. Actinozoa, 
6. Secondary type. Eversion and abolition of the true 

stomach. Uydrozoa, 

II. 
Additions affecting the Tentacular System. 

♦ Progressive. 

a. Primary type. Oral tentacida of ^rocWoporfa and Poiysjoo. 
h. Secondary type. Branchial tentacula. Ascidiozoa, 

♦* Retrogressive. 
a. Primary type. Oral tentacula of Actinozoa, 
h. Secondary type. Oral tentacles of Hydrozoa, 

The most convenient arrangement of this Order is that proposed 
by Qegenbaur as modified by Greene, of which we subjoin an out- 
line: — 

Sub-Order 1. Stenostoraata, 

Family 1. Calymmidas, 

Body furnished with a pair of antero-posterior oral lobes, and 
other smdler lateral appendages. Tentacles various, turned 

towards the mouth. 

Family 2. Ccstidce. 

Body ribbon-shaped, extended in a lateral direction, without 
oral lobes. Tentacles two in number, antero-posterior, turned 
towards the mouth. 

Family 3. CaUiwnirida. 

Body produced into a pair of wing-like, lateral lobes, bearing 
the ctenophores. Tentacles two in number, lateral, turned from 

the mouth. 

Family 4. PUurobrachiada, 

Body oval or spheroidal, without oral lobes. Tentacles two in 
number, lateral, turned from the mouth. 

Sub-Order 2. Euryttomata, 

Family 6. Beroidce, 

Body oval, elongated, without oral lobes. Tentacles absent. 

(Agassiz, A., Illustrated Catalogue of the Museum of Compara- 
tive Anatomy at Harvard College. No. 2. North American, 
AcalepJue, 186B; Greene, Manual of the Coelenterata, 1863; 



Agassiz, L., Contributions to tJie Natural History of the United 
States J vol. iii. ; Macdonald, Traiu. Roy. Soc, Ed,, xxiii., p. 515 ; 
Clark, Am. Joum. of Sci.y Second Series, xxxv. p. 348.) 

CUMBRIAN ROCKS fE. C. vol. ii. cols. 255, 256]. The 
views propounded under this head in the Cyclopaedia are now 
known to be entirely erroneous. The oldest rocks in Cumber- 
land, viz., the Skiddaw slates, are nearly on the same horizon as 
the Llandeilo flags of Wales, and are therefore newer than the 
rocks acknowledged to be Cambrian. The Skiddaw slates and 
Coniston limestone will be more particularly noticed under 
Silurian System, E. C. S., wliere also reasons will be given why 
the Llandeilo flags are considered to be the lower boundary of 
the Silurian System. The arbitrary line employed by De la 
Beche is now useless, since there is no reason whv fossils should 
not be found in any sedimentary rock in these islands, even if 
they date from Laurentian times. As the so called Cumbrian 
rocks are really the Cumberland development of the Llandeilo 
beds, no set of strata is entitled to this name. 

CUSCUTA [CuscuTACE^., E. C. vol. ii. cols. 261—263]. This 
genus has been carefully studied by Dr. Engelmann, who has 
published the results arrived at in the memoir referred to below. 
He has arranged the 77 species known to him in three large 
groups, distinguished by their styles and stigmata. The first, or 
Ouscuta group, comprises all the species having two equal styles 
and elongated stigmata. They are exclusively natives of the 
Old World, although one or two species have been introduced 
into America, but have only flourished there for a short time. 
The second, or (rrammica group, comprises the species having 
two unequad styles, and abbreviated, usu^y capitate stigmata. 
They occur principally in South Ajnerica, Oceanica, and the 
southern and eastern parts of Asia ; but a few species penetrate 
into North America, and still fewer into Western Asia, Southern 
Europe, and Southern Africa. The third, or Monogyna group, 
embraces such species as have the styles entirely or partfy 
united, and the stigmata capitate, ovate, or conic. The species 
of this group are alsid marked by their large size and thick stems. 
They principally occur in Asia, but a few stragglers have been 
found in Southern and Eastern Europe, Soutn Africa, and the 
southern parts of North America. 

These groups are divided into 9 sections, the characters of 
which are indicated below. 

A. CcscuTA Group. 

1. EucusciUa, — Styles nearly as long or longer, and as thick 
or thicker, than the filiform stigmata ; capsule regularly circum- 
scissile. This embraces 10 species. All the British varieties 
belong to this section. Two of them belong to C. epithymum, 
and to modifications of the same variety, viz., a. vulgaris. This 
is the common form in Central Europe ; it extends from Great 
Britain on the west to the Caucasus on the east, and from Scan- 
dinavia on the north to Northern Italy and Northern Spain on 
the south. It is usually parasitic on the heath, but sometimes 
on clover, when it acquires a more luxuriant habit. This has 
caused it to be raised to the rank of a species under the name of 
C, trifolii. There are 9 other varieties of the same species. 
C, Europasa and C. epilinwni, the other British species, ako 
belong to this section. 

2. Epistigma. — Subulate stigmata nearly sessile; capsule 
opening transversely without a regular jointed separation. 
There are 4 species, and all are Asiatic. 

3. Clistococca. — Subulate styles longer than the short subulate 
stigmata ; capsule baccate. Only one species {C. capitata) belongs 
to this section, and is restricted to the Himalaya Mountains, at 
elevations of from 6000 to 12,000 feet. 

4. Pachystigma. — Cylindric or oblong stigmata thicker than 
the filiform styles ; capsule bursting transversely. Three species 
belong to this section, all of which are inhabitants of South Africa. 

B. Grammica Group. 

5. Eugrammica. — Stigmata capitate; capsule more or less 
irregularly circumscissile. There are 20 species in this section, 
and most of them inhabit South America, the West Indies, and 
Mexico ; one extends into the south-western parts of the United 
States, two are peculiar to that region, and two are natives of Asia. 

6. Clistogrammica. — Stigmata capitate ; capsule baccate. This 
section is the richest in species, numbering 28. They are gene- 
rally distributed throughout North and South America, and the 
islands of the Pacific Ocean. One species (C. obtusiJUm) is re- 
markable for the great extent of its range and the number of its 
varieties. It is found in North and South America, the islands 
of the Pacific Ocean, Asia, and Europe. Its variation in cha- 
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racter will be at once seen by the following synopsis of its form, 
given by Dr. Engelmann : — 

a. Scales ovate or spatulate. 

♦ Scales small, shorter than the tube of the corolla ; 

var. vera, South America. 
*♦ Scales large, equalling or exceeding the tube of the 
corolla ; all parts of the flower dotted with glands ; 
var. glanduma, from the West Indies and the 
southern parts of the United States. 
*** Lobes of calyx and corolla, broadly oval, or almost 
orbicular ; scales large ; var. latilobay from India. 

b. Scales bifid, and often very smalL 

♦ Flowers five-parted, usually glandulous ; scales very 

small, sometimes almost obliterated ; var. Australis, 
from New Holland and China. 
*♦ Flowers often four-parted, scarcely glandulous ; scales 
as in the last; var. hreviflora, from Southern 
Europe. 
**♦ Flowers and scales larger ; lobes of calyx and corolla 
narrow; var. cesatiaTia, from Italy and Central 
Asia. 
***♦ Calyx large, capulate, lobes somewhat carinate ; var. 
Cordofana^ from Africa. 
C. racemosa is another variable species, which is spread over 
the greater part of South America, and is a sort of geograpliical 
counterpart to C. Gronovii, which is a similarly common and 
wide spread species in North America. 

7. Loboatigma, — Top of clavate styles lobed at the upper stig- 
matose surface. The only species belonging to this section is a 
native of Tasmania. 

C. MoNOGYNA Group. 

8. MonogyneUa. — Stigmata capitate or ovate, united or dis- 
tinct Of the 8 species belonging to this section, 5 are Asiatic, 
1 is pecTiliar to the island of Timor, 1 to South Africa, and 1 to 
Texas. 

9. Callianche. — Stigmata conic or almost subulate; corolla 
larce and deciduous. The only species known inhabits East 
India and the adjoining islands. 

Some botanists have split the dodder tribe (CtL8cut<icece) into 
four genera ; but Dr. Engelmann does not admit that the species 
can be included in more than one genus. It has been supposed 
that the different species of dodder had a predilection for certain 
plants or families of plants ; and that the nursing plant had an 
mfluence on the fonn and development of the parasite. Dr. 
Engelmann thinks that this influence is verv limited, and that 
it depends rather upon the soil than upon the plant. If some 
species seem to be constant parasites of the same plant, as in the 
case of C, Europoea upon tne common nettle, of G, epiihymumi 
upon the common heath, of C. lupuliformis upon the willow, and 
c)l C, epilinum upon flax, it is probably because the circum- 
.stances which best suit the nursing plant are also most suitable 
to the parasite. This is supported oy the fact that when once 
attached to a plant the parasite dodder throws out branches, and 
coils roimd any plant in the neighbourhood : they grow on any- 
thing that will afford them nourishment, even on their own 
branches and flowers. Thus C. epilinum attaches itself not only 
to the flax, but also to the surrounding weeds, and may be culti- 
vated on Vicia, Impatiens, and many other plants. Rich nourish- 
ment on succulent plants causes a luxuriant growth in the 
parasites, so that botn organs and flowers are enlarced. Thus 
C, epithymum in clover fields becomes what has been called 
C. irifolii; C, Europaa on vetches becomes (7. vicice; and many 
other instances might be given. 

(Geo. Engelmann, Systematic Arrangement of the Genus GusciUa, 
t&c. Trans, Acad. Sci. St. Louis, voL i. pp. 453— 523.) 

CYPSELIDiE. A family of birds, whose powerful flight, 
weak legs, and wide gape adapted for the capture of insects, 
have afforded well-marked characters whereby to define them. 
Belying upon these external characters only, tms family has long 
been associated with the common house swallow ana its allies 
under the appellation of the Hirundinidce. So long has this 
association been supported by eminent authorities, that ornitho- 
logists have been slow to admit that the swallows and the swifts 
ought to be widely separated in our classifications. The old 
time-honoured opinion is adopted in the E. C, where the 
swallows and the swifts are mingled together imder the headings 
Swallow Tribe, cols. 969 — 977, and Hirundinidje. The dis- 
tinctness between the groups which composed the old family 
Hirundinidde is to a certain extent recognised in the first article 



referred to, since both Bonaparte and G. R. Gray are there repre- 
sented as placing the swifts in one sub-family, the Gypselince; and 
the swallows in a second, the Hirundinince. If general habits 
and external conformation are deemed to be the most important 
indication of the affinity of a bird, the swallows and the swifts 
will still be collocated in the same family ; but if the physio- 
logical and anatomical plans of structure ought to overrule 
similarity of outward form and habits in the determination of 
affinities, then we must admit with L'Herminier, Nitzsch, Bur- 
meister, and Sclater, that the swifts should be separated from 
the swaJlows, and be placed next to the humming birds (Trochi- 
lida), and the goat-suckers (Gaprimulaidce) in the natural system 
of classification. L'Herminier did this upwards of forty yean 
ago ; Nitzsch pointed out the wide difference in the nature of the 
feathers of the swifts and the swallows, and condemned their 
association ; and Sclater has added the weight of his authority 
on the same side in his * Notes on the genera and species of 
Gypselince^ (Proc. ZooL Soc. 1866, p. 693). Prince ^ucien Bona- 
p£^ has also conformed to the newer views. In his " Conspectus 
systematis omithologse '' (An. des Sciences Naturelles, 4th series, 
tome 1), he divides the order Passeres into two tribes, the Oscines 
and the Volucrfs. The Hirundinida form the last family in the 
tribe Oscines; while the Trochilidce, Cyj^selidce, SteatomuUe, and 
Caprimulgidce are the last four families m his tribe Volucres. 

Professor Owen, in *The Anatomy of Vertebrates/ voL IL, 
says the birds con-esponding to the order Insessores of Vigors are 
grouped in the three orders Cantores (which answers to the 
Oscin^ of Bonaparte), the Volitores, and the Scansores which two 
together answer to the Volucres of Bonaparte). The swallows are 
placed at the end of the Cantores, and the swifts at the beginning 
of the Volitores ; so that, although placed in separate orders, the 
swallows and the swifts come next to each other. 

There are many peculiarities in the osteology of the swifts, 
and one or two of these may be mentioned. Possessing, as they 
do, almost unrivalled powers of flight, the swifts have a sternum 
almost as strong, bony, and arched, and the keel nearly as 
highly developed, as the same parts in the humming-birds. The 
body of the sternum, when seen from in front, is seen to widen 
gradually from before to behind ; the lateral margins curve 
gradually outwards, and the costal border is generally coincident 
with the lateral margins themselves; tlie posterior mai^n is 
generally convex and entire ; and altogether the general form 
may be aptly compared to that of the common bronze socketed 
celt of Ireland. Tlie keel of the sternum springs from the bind- 
most margin, and rises with a gentle curve which overarches 
beyond the anterior margin of the body of the sternum. The 
projecting port is round, and the anterior edge of the keel is 
concave. The height of the keel is equal to the breadth of the 
sternum. The manubrium is simple, and in most cases quite 
rudimentary. The body of the steniuiu presents different degrees 
of ossification in the different genera. In Cypselus, more espe- 
cially the stronger species, it is almost completely ossified ; in 
Chatura there are two holes or foramina ; in Collocalia there are 
four small foitimina ; and in iJendrochelidon there are four larce 
foramina. The coracoids are short and strong. The furcula 
form a broad curve, are completely anchylosed at the apex, 
which reaches far short of the anterior margin of the keel, and 
at about the level of its mid-height The exceptions above indi- 
cated had reference to the sternum of Dendrochelidon, the body 
of which has a rounded anterior margin, as seen from in front ; 
a concave posterior margin ; costal borders partially distinct 
from the lateral margin; and the apex of the furcula almost 
touching the anterior margin of the keel. The form of the body 
of the sternum, seen from in front, is like the outline of a bell, 
and not of a bronze celt In these and other points it somewhat 
approaches the cantorial type of sternum, but Dr. Bernstein and 
Dr. Sclater maintain that its general character is essentially 
cypseloid. 

Two of the genera of the Cypselidx, viz., Cypselus and Panw- 
tHa, are remarkable for the construction of the feet. In wl 
other known birds (with perhaps the exception of some goat- 
suckers) the phalanges follow a proOTessive number, according 
to the position of the digit ; but in tne genera named the inner, 
medial, and outer digits have three phalanges each. This pecn- 
liarity, together with the imusual position of the posterior aigit, 
has iJeen employed by Dr. Sclater as an important classificatory 
character. His arrangement is as follows : — 

A. Cypselince. — Tarsi feathered; external and medial digits 
¥rith three phalanges; hallux directed forwardly or 
laterally. 
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1. Oypeeltu, — Tarsi feathered, but digits naked ; hallux 

airected forwardly. 

2. Panyptila. — Tarsi and digits feathered ; hallux directed 

laterally. 
B. ChaturiiuK. — Tarsi naked; the digits with the normal 
number of phalanges ; hallux implanted behind, and 
sometimes capable of being turned forwards, 
a. Tarsi longer than the middle digit. 
* Rectnces spiny. 

1. ChcBtura. — Rachidian apex projecting. 

2. Cypseloides. — Rachidian apex not projecting. 
** Rectrices not spiny. 

3. Collocalia, 

6. Tarsus shorter than the middle digit 

4. Dendrochelidonm 

Adopting the information given in Dr. Sclater's paper, as also 
the geographical regions proposed by him, it appears that there 
are 49 well-recognised species, and that members of this family 
occur in every region of the globe. The Indian and the South 
American regions have each afforded 18 species ; the African 
and the Australian have each afforded 8 species ; the Palsearctic 
contains 6 ; and the North Amefican only 3. From these figures 
it will be gathered that 10 of the species, or about 20 per cent, 
of the whole number, occur in more than one region. As these 
regions do not answer the purpose of illustrating the distribution 
of the CypselidcBy some f urtner remacrks seem to be reauired. This 
family occiirs in two distinct geographical groups : tne one, com- 
prising 29 species, is confined to the Old World ; and the other, 
comprising 20 species, to the New World ; and no species is 
common to both. The two principal genera, Chaiura and Cyp- 
seluSf are common to the two areas; ColwcaliaBiid Dendrockelidon 
are restricted to the Old World ; and Panyptila and Cypseloides 
are confined to the New World. This will oe better seen in the 
following table : — 



FalieogflBic Species. 

CypselinaB. 
Cypeelus. 12 sp. 

ChflBturinsB. 
ChiBtura. 6 ip. 

Collocalia. 6 sp. 
Bendrochelidon. 5 sp. 



Neognio Species. 

CypselinsD. 

Cypselus. 4 sp. 

Panyptila. 3 sp. 
CheetunnsB. 

Cluetura. 9 sp. 

Cypscloides. 4 sp. 



In the species of Cypselus of the Old World the principal 
centre appears to be the north-east portion of Africa — that is, 
Abyssima and Upper Egypt. From thence they spread out in 
all directions, the bounduines being Cape Colony, Madeira. Ire- 
land, Norway. Sweden, Northern Asia, China, the islands off 
the northern snores of Asia, and Cevlon. One species extends to 
Australia, but as yet it has not been met with in the area 
between the Malay peninsula and Cape York, and therefore we 
prefer not to include Australia amongst the limiting boundaries 
of the cypseline area at present Towards the outer limits of this 
area the species are comparatively few, and are resident during 
the summer months only. But 9s we approach Abyssinia and 
India the species appear to become more numerous. In some 
localities a greater or less number of the individuals of the species 
appear to be permanent residenters. C. unicohr is only known 
in Madeira, and it is to be seen there all the year round. The 
two British species occur in Palestine, but they arrive thence each 
spring from renons farther south. The same country also has a 
tnird species ((;. ajfinis), which ranges from India and Cape Colony 
to Palestine. The PaJestine individuals remain permanently in 
the country, and are said by Mr. Tristram to be restricted to the 
valley of the Jordan. This species is remarkable for its habits 
beinff different in Palestine uom what they are in India. In 
the latter country, Jerdon says it builds in colonies, wherever 
there are large towns or old buildings. The nests are composed 
of feathers, straws, &c., agglutinated together by the birds' saliva. 
Occasionally they are seen breeding in rocks. Tristram says of 
the Pidestine bird: ** Its note is peculiar — a gentle and melodious 
note- wail of three semi-tones, sharply repeated when alarmed. 
It breeds in colonies, and has laid its eggs when Oupseku meiba 
arrives, and hatched its young before the return of U, opus. The 
nest is most peculiar, uuder an overhanging cliff, generally at a 
height of from 300 to 400 feet above any accessible stand-jwint. 
The nests are clustered side by side and one upon another; 
formed not like those of other swifts, but of straws and auill- 
feathera strongly agglutinated by the birds' saliva, and without 



any lining.** In this locality it appears to build nowhere else 
but about the rocks. 

The Old World species of Chcsiura live in the same area as the 
Oypseli, but their range is not auite so wide, since no species 
appears to have yet been met witn in any part of Europe. 

Collocalia dwells along the southern maigin of the Cypseline 
area. It is for the most part restricted to islands ; its species 
being scattered over the mazes of archipelagoes stretching from 
the ftji islands in the east to Ceylon and Mauritius in the west. 
The tamous Hirundo escuUnta^ the constructor of the edible 
nests of the east, belongs to this genus. The bird which Lin- 
naeus so named was unknown to European ornithologists until 
lately, the species which have been so named having proved not 
to be the Linnsean sj^ecies. The description given 01 it under 
Swallow-Tribe, E. C. vol. iv. col. 971, is not correct. Rum- 
phius, who was the original describer, states its colour to be 
mostly black with a bluish reflection, and that it has some white 
spots on the tail which can only be seen by drawing the tail 
feathers apart The erroneous description in the E.C. appears 
to have originated with Buffon, who gave the name of lUrundo 
esculenta to a bird which had the dusky colouring of a CoUocalia, 
but which also had short wings, long legs, and a straight bill ; 
these characters alone suffice to show that the. bird he described 
did not even belong to the Cypselida, In Buffon's bird the tail 
feathera were tipped with white. No species of Collocalia yet 
found has that character. There is another curious error relat- 
ing to this species which has only recently been corrected. 
Under Swallow-Tribe, E. C, as well as under ALGiE, the 
edible nests are stated to be composed of sea- weeds. They are 
really foimed mainly of the saliva of the birds, which material 
is used to a ereater or less extent in the construction of the nest 
bv many otner species of Cypulidm, The salivary glands of 
Collocalia are remarkable for their great development. 

Dendrochelidon is found in the same area as Collocalia, but its 
range is less extensive ; the limits being the neighbourhood of 
the Aru islands in one direction, and Ceylon in the other. One 
species, D. klecho, makes a nest like that of Collocalia, but much 
smaller. It is semicircular, attached to the horizontal branch of 
a tree, the branch itself forming the flat bottom of. the nest 
The walls, which are very thin, are composed of feaUiers, bits of 
bark, &c, cemented by the viscous saliva of the bird. The nest 
will hold but one egg, and is so small that the bird sits on the 
branch, and covers the nest with only the end of her belly. 

We will now turn to the species of the Neogeeic area. All 
the species of Cypselus are connned to the northern part of South 
America ; they are on the whole smaller than their congenera in 
the Old World. Like them, they make their nest of feathers 
cemented by a gum-like substance, which is believed to be the 
saliva of the bira. Panyptila frequents the northern portion of 
the area occiipied hy Cvpselus, but also ranges through Central 
America. Au:. Salvin has described the nest and habits of P. 
Sancti-kieronymi, and we quote his remarks in order that they 
may be compared with those of other genera. " The nest of this 
species is composed entirely of the seeds of a plant, secured to- 

f ether and hung from the under surface of an overhanging rock 
y the saliva of the bird. The whole structure measures two 
feet two inches in length, and is about six inches in diameter. 
The entrance is at the end, and the hollow for the eggs at the 
top. The first time we met with this beautiful swift was near 
Saa Qer6nimo in Vera Paz, soon after our arrival in Quatem^a 
in 1861. I then recognised it as distinct from P. melanoleuca; 
but afterwards, not having secured specimens, imagined we must 
have mistaken it for that bird. In July of last year (1862), I 
had the satisfaction of having brought to me alive, by Mr. 
Carter of San Ger6nimo, two birds which clearly showed that 
our first impression was correct. They had been caufht by an 
Indian under a rock near the village of Matanzar, in the moim- 
tains. The birds, though apparently uninjtured, were quite 
sleepy, not attempting to fly, the only energy they exhibited 
was oy making their powerful claws meet in my fingers when I 
endeavoured to secure them. I afterwards, on severed occasions, 
observed them flying over the plain wiUi amazing swiftness 
during dull rainy evening of July. Later on in the autumn, 
Mr. Hague, of San Qer6nimo, secured for me the nest which I 
now exhibit. He found it, during a visit to some Indian ruins 
in the neighbourhood, sticking to the undersurface of an over- 
hanging rock. The bird was distinctly seen to enter several 
times, but Mr. Hague was unable to shoot it, owing to its rapid 
flight. There were no eggs in the nest. In this nest we see the 
8f£va of the bird used as an adhesive material in nest building, 
as in the genus Collocalia of the Old World, but differently a|>- 
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plied. At firfit sight the saliva appears to have been used merely 
to secure the foundation of the nest (if the term may be applied 
iBVerselv) to the overhanging projection of rock upon which the 
xe8t of the structure is woven, as m the the nests of the Icteridas ; 
but upon closer examination it will be seen that the saliva has 
been applied to secure every one of the seeds used in the con- 
struction of the nest, and in no other way could so firm and 
durable a structure be attained. Another curious feature will 
be noticed in this nest, which is the false entrance at the side. 
I remember to have seen a similar thing in other nests ; I think 
they were Australian. They appear to be placed there to de- 
ceive some enemy, such as a snake or lizard, to the attacks of 
which the parent bird or its offspring would, during the time of 
incubation, be more exposed. It would be interesting to know 
how the materials for tne nest were gathered, whether from the 
plant itself, or caught in the air by the bird as the seeds were 
carried by the wind.** {Proc. Zool. Soc. 1863, p. 191.) 

Chxtura has a wider range than any other American genus. 
Representations of it are to be found from California and the 
United States on the north to La Plata on the south. The spe- 
cies are for the most part larger than their congeners in the old 
world. The largest, (/. seinicoUariSf has a total length of ten inches, 
and has as yet only been found in Mexico. The next in size, 
C. zonaris, is nine inches long. It ranges from La Plata to 
Guatemala, or about 50 degrees of latitude. Each of the other 
species spreads over a far less extent of countiy than C. zonarU. 
The chimney swallow^ C, pclasgia, is the only species inhabiting 



the eaertem United States. Its mode of nidification has been 
described by Dr. Brewer in the following terms : — *' The nest of 
the chimney swallow is one of the most remarkable structures of 
the kind to be found among the handiworks of even this inte- 
resting familv, nearlv all of whom are far from being undistin- 
guish^ for their architectural accomplishments. It is composed 
of small twi^ of nearly uniform size, which are interwoven into 
a neat semicircular basket. In selecting the twigs with which 
to construct the nest, the swift seems to prefer to break from the 
tree such as are best adapted to its wants, rather than to gather 
those already upon the ground. This is done with great skill 
and adroitness while on the wing. Swooping on the coveted 
twig, somewhat as a hawk rushes at its prey, it parts it at the 
desired place and bears it off to its nest. This fact is familiar to 
all who nave attentively observed their habits. Each of these 
twigs is strongly fastened to its fellows by an adhesive saliva 
secreted by the bird ; and the whole structure is as strongly 
cemented to the side of the chimney in which it is built oy 
means of the same secretion. When dry this saliva hardens 
into a glue-like substance, apparently firmer even than the t¥rigB 
themselves. In separating a nest from the chimney I have 
known portions of the brick to which it was fastened to give 
way sooner than the cement ^ith which it had been secured." 
{N. American Oology j voL i. p. 1()9.) 

Cypseloides occurs in Brazil, the West India islands, and Bri- 
tish Uolumbia. 
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DEVONIAN GROUP. [E. C. vol. ii. cols. 320, 321 ; and 
Old Red Sandstone, E. C. vol iv. cols. 78—80.] The 
term "Devonian Group" was originally applied to the great 
series of grits, sandstones, slates, and limestones, which occupy 
the northern portions of West Somerset and Devonshire. It 
has since been applied to all the foreign strata which are be- 
lieved to be of tne same age, that is intermediate between the 
Silurian and carboniferous lormations. Considering how diffi- 
cult it is to prove the contemporaneity of strata, we shall prefer 
to apply this term to all the rocks which were laid down m the 
period iidervening between the above-mentioned formations, so 
as to make it independent of the precise age of the North Devon 
rocks themselves. 

The rocks of North Devon are the typical representatives of 
the Devonian croup ; and if Professor Jukes's suggestion be 
accepted that these strata are simply old red sandstone and 
carboniferous slates, doubts will be entertained by some as to 
the Devonian age of the foreign strata which are usually con- 
sidered to belong to this period. 

Before, however, makmg any further allusion to Professor 
Jukes's opinions, we will endeavour to indicate the facts upon 
which is based the conclusion that the rocks of North and 
South Devon represent a special period of time. 

According to the most generally received opinions the rocks of 
North Devon follow one another conformably, that is, without 
any break in the stratigraphical succession from the lowest beds 
at the Foreland and Lvnton on the north coast to the lowest 
carboniferous beds south of Barnstaple. In this area the upper 
Devonian pass into the carboniferous eystem, but as we are igno- 
rant what connection the Lynton beds have with the rocks 
beneath, no idea can be formed from stratigraphical considera- 
tions only as to whether the Devonian series passes conformably 
into the Silurian group at moderate or great depths below the 
horizon of the Lynton sandstone, or whether there may not be a 
great thickness of rock below this horizon, and even then an 
unconformability between the lowest Devonians and highest 
Silurians. As the uppermost connection is manifest while the 
lowermost is unknown, caution should induce us to place the 
Lvnton sandstone as high as possible consistent with tne nature 
01 the strata and the character of the oiganic remains in the 
overlying slates. The general strike of the Devonian strata is 
N.N.W. and S.S.E., and the average dip is south and a little to 
the west of south ; so that in passing irom north to south we 
traverse the outcrops in an ascending order. The same succes- 
licai pieaents itself in going from Porlock directly south, «b in 



following the coast line from Porlock to Bideford Bay ; but the 
sections are best displayed along the coast. The lowest Devo- 
nian beds known are the sandstones which occupy the country 
from the North Foreland to the Quantock Hills, but it is covered 
in places bv the new red sandstone. The lowest strata are 
exposed at tlie north-west side of the Quantock Hills, and near 
Mmehead. In the Minehead district they are coarse red, grey, 
pale yellow, and mottled, thick bedded sandstone, interstratified 
with fine grained flaggy beds, which have a general dip to the 
north-east. At Lower Hopcote they still have a north-easterly 
dip, and consist, at this place, of massive beds of red and grey 
crvstalline grits, which are much jointed and are parted by 
falsely bedded clayey shale. In lithological details these beda 
are more like the old red sandstone of Scotland and Wales 
than others in Devonshire ; but no oiganic remains have been 
found in them. The north-easterly dip is general amongst 
these lowest beds, but towards the soutli they are either arched 
oyer by an anticlinal, or faulted so as to have a north-westerly 
dip. The point where the change of dip occurs is hidden by 
tnassic sandstones and conglomerates ; but it is in a line with 
the faults which run east and west post St. Decuman, Watchet, 
Quantock's Head, and Little Stoke. These strata form the 
Lynton sandstone ; and are noticeable for having a splintery 
fracture, and for breaking up into very small cubical fragments, 
in whicn respects it dillers from the usual character of the old 
red sandstone. All the high land about Porlock is composed 
of these hard sandstones. The actual junction of the Lynton. 
sandstone with the next succeeding group, the Lynton slates, 
does not seem to have been observed ; but as the dip of the 
slates is conformable with that of the sandstones in many places, 
it is presumed that there is no fault or break. At Foreland the 
lower slates are much disturbed. The Lynton slates are about 
1500 feet thick, and have a gentle dip towards the south. Their 
junction with the Hangman grits above may be seen at Wood> 
abay, Heddonmouth, and omer places. The slates are inter- 
bedded here and there with calcareous nodules, in which many 
of the fossils of this group occur. The gritty character of the 
slates and limestones, and the general matribution of ripple 
marks and false bedding indicate that these strata were depo- 
sited in a shallow rather than a deep sea. The calcareous matter 
prevails most towards the lower portion of the Lynton slates. 
The fossils are generally distributed, but are not very abundant 
in species, although some of the beds may be crowded with indi- 
viduals of one species. Thoa Orthif arcuoto occutb in extreme 
pxofutton at Watersmeet, Lynton, and many other localities. 
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Etheridge records fifteen species from these slates ; the most 
characteristic of which are FenesUlla antiquaj Megalodon cucul- 
latum, Orthis arcuata, Orthis granulosa, Spirifera ixvi^sta, PUu- 
rotomaria asperay and BelUropJum globattu. 

The Hangman grits are a series of red sandstones, from 
1500 to 2000 feet thick, which are exposed along a belt of coun try- 
about three miles wide, from Trentishoe on the west to Croydon 
Hill on the east, or along a strike of about 30 miles. As already 
noticed, they are confonnable with the Lynton slates below, and 
they are also conformable with and graduate into the calcareous 
slates of the Ufracombe series above, as may be seen at Combe- 
Martin Bay, and in the neighbourhood of Oaktrow. Thus at 
Oaktrow the grits are fissile, and separated by elaty partings. 
Between Oaktrow and Ashwell the slates thicken at the ex- 
pense of the sandstones, and at Catcombe the grits are absent, 
the strata being entirely composed of slate. In going still farther 
south, the slates become more and more calcareous, until at 
Wheddon Cross and many places in the same line of strike, 
thick bands of limestone are met with containing the charac- 
teristic fauna of the Ufracombe series. Advancing still south, 
the beds retain the usual southerly dip, the limestones die out, 
and the beds become formed of a grey glossy slate, the Morthoe 
slates. The fossils of the Hangman grits are few, and confined 
to casts of MyalincB, Naticct, and a few other forms. The slates 
which succeed abound in Stringocephahu Burtini, and hence are 
sometimes called the Siringocephalus slates. The calcareous 
slates which follow next have yielded many fossils, most of 
which are, however, confined to the limestones. The limestones 
occur in two series in the middle part of the calcareous slates, 
which are about 1000 feet apart. As the typical localities for 
the middle Devonian fossils are grouped round Combe Martin, 
Watermouth, Hagg^nton, and lEpracombe, we will quote Mr. 
Etheridge*s description of them : — " At Watermouth, which is in 
a direct line (on the strike) with the main mass of the shales, 
slates, and lower limestones of Combe Martin, many good sec- 
tions occur, both in old quarries and on the coast. The shales, 
slates, and sandstones, which alternate here, are remarkable for 
their diversity of character, yet continuing with the same condi- 
tions repeated round Widmouth Head to Hagginton Beach. 
Quartz veins with lead I know nowhere else. At Sandaby, 
masses of siliceous rocks, containing Stnngocephalns Burtini 
(Defr.), occur ; and Mr. Valpy has obtained Trimerocephalus 
Iccvis (Miinst.), from mottled grey and red shaly rocks which 
overlie the stringocephalic grits, associated with Spirifera dis- 
juncta rSow.), Atrypa reticularis (Lin.), and its variety. A, aspera 
(Schlotn.), Rhynchonella pleurodon (?), Fenestella, &c. The Wid- 
mouth series at its lowest part consists of finely laminated, thick- 
bedded sandstones, with Tentaculites scalaris (Schloth.), and casts 
of other fossils. Above this tentaculite sandstone succeeds a 
considerable seam of red sandstones, in which no organic remains 
occur ; an irregular mass of dark limestones, with corals, espe- 
cially Favosites cervicomis (Blainv.), Stromaioporay and obscure 
masses of Cyathophyllum ccp^tosum (Goldf.), overlies the red 
grits. Mr. Valpy informs me that on this limestone thin shales 
occur which are studded with carbonaceous nodules and copro- 
lites of fish. Succeeding the Widmouth rocks, and higher in the 
series, are the Rillage and Hagginton beds. I examined the 
latter only ; but a glance at them convinced me that patient and 
long study only could enable anyone to make out the details of 
the complicated structure of the rock masses of Hagginton Beach. 
The history of the Ufracombe group is, indeed, written in the 
coast series from Combe Martin Bay to Ilfracombe, but particu- 
larly so in the fine section of slates, sandstone, shaly limestone, 
and grits of Hagginton Beach and the Hill quarries, the impure 
clayey limestones, and quartzose sandstones, &c, on the coast, 
and Hagginton Hill quarry having yielded upwards of 30 species, 
20 of which belong to the Bmchiopoda.'* The series ol beds 
from the Hangman grits to the Mortehoe slates inclusive have 
yielded upwards of 70 species, which constitute a well-marked 
and distinctive fauna. Tne Mortehoe slates pass into the series 
above it, or the Pickwell Down sandstones, without any disturb- 
ance. Professor Jukes's views as to the stratigraphical relation 
of the Devonian strata mainly depend upon the supposed 
existence of a great fault between the Mortehoe slates and 
Pickwell Down sandstones, with a downthrow on the north of 
thousands of feet. We append Mr. Etheridge'e fiacts in favour 
of their conformability : — ^** I have now to show, if possible, that 
there is no unconformity in Morte Bay between uie Mortehoe 
and Woolacombe slates, and the PickweU Down sandstones, and, 
that they here insensibly, through lithological changes, 
duate into the hard red grits and sandstones at Potter's 
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Croscombe, and Pickwell Down, as they do at Wiveliscombe and 
intermediate points. Up to the village of Woolacombe, north of 
the stream, tne slates are seen in places on the shore under 
Tracey and Potter's Hill, dipping 60° and 70° S. The Woolacombe 
and Osborough valley was carefully searched ; and nowhere 
down the stream, which here runs over and cuts through the 
strike of the beds, or to the east at Dean Mill, whe!^ they are 
cut across by another rivulet, and dip 70° S., did I detect any 
inversion, notable disturbance, or alteration ; more than that, 
the gradation into the thicker beds of Potter's Hill and Higher 
Buller is traced through a series of red gritty slates and fissile 
sandstones, dipping 50 S., and resembling in all particulars the 
junction at and passage under Main Down, west of Wiveliscombe, 
&c. ; the small quarry on Potter's Hill showed the same lower 
thin-bedded rea grits dipping 45° S.; on the strike of these beds, 
east, across the hill, and in a quarry at Higher Buller, the same 
series dip 60° S. Descending to the shore under Potter's Hill 
and at Tracey, we now take them in upward succession ; the 
reefs of grey fissile slates, with rusty or decomposed bands, that 
crop out on the shore immediately west of the kiln at Woola- 
combe, are the same that occur in the Tracey and Osborough 
valley, and are immediately succeeded by the Potter's Hill red 
group. On and along the shore between Woolacombe and Ba^r 
Point twelve groups or reefs of red, claret, grey, and p^en mica- 
ceous sandstones crop up, and the recent marine sanoi of Morte 
Bay (Woolacombe Sand!s) cover up their inclined edges and con- 
tinuous dip. Every bed visible along the shore, and composing 
this series of sandstones, was measured, the interspaces (covered 
by the sands) were paced, and careful notes made upon the 
whole magnificent section up to the overhanging abrupt northern 
face and escarpment of Bamy Point, where, without a trace of 
movement, break, or unconformity, the passage into the true 
fossiliferous Upper Devonians is complete. It is both super- 
fluous and unnecessary to describe the Morte section in detail ; 
it speaks for itself ; neither above or at the top of the upper old 
red sandstone at Vention and Peelsborough, nor at the oase at 
Tracey or Osborough is there any evidence of dislocation, or any 
trace of a fault." The calcareous slate series has an estimated 
thickness of about 8000 feet, and the Mortehoe slates are at 
least 4000 feet. Hence the whole thickness of the beds, from the 
base of the Hangman grits to the base of the Pickwell Down 
sandstones is about 14,000 feet. 

Above the Pickwell Down sandstones, which are unfossili- 
ferous, there is first a band of pale, nearly white, slate, contain- 
ing a few bivalves, followed by a thick series oi greenish grey 
frits, with bands of Cucullcta and ^vicula Damnoniensis, and 
eds of olive or greenish shale, in which a few plant remains 
are met with, as well as abundance of Lingula st^iiamifomiis (L. 
nwla, Salter). These are the Marwood beds of Mr. Salter, and 
the Baggy and Marwood slates, Croydon beds, and Braunton 
beds of Mr. Etheridge. Overlying these is an alternating series 
of calcareous sandstones, grey shales, with thin nodular bands of 
limestone, and grey fossilijferous slate, more or less cleared, and 
which in the aggregate measure many hundreds of feet. It 
represents the Pilton group. The grey slates and finely lami- 
nated sandstone make up the bulk of uie group. The sandstone 
is generally calcareous, but in places it is really an oolitic lime- 
stone. The fossils which are characteristic, or most abimdant in 
those beds, are Avicula Damnonieiisis, Strophalosia productoides, 
Spirifera disjuncta, Sp. harumensis, Productus praUmguSy Orthis 
interlineata ; together with species of OurtonotuSy ActinocrinuSy 
PoteriocrinuSy and Rhodocrinus. There are also numerous black 
phosphatic nodules. South of the Pilton series come the Barn- 
staple beds, which contain a large proportion of the carboniferous 
fossils, and which Mr. Salter correlates with the true carboniferous 
slate of Ireland. Still farther south are the culm measures, the 
carboniferous limestone, and the millstone grit, all of which 
unquestionably belong to the carboniferous formation, and which 
in places are seen to rest imconformably upon the upturned 
edges of the Devonian strata. 

These data, then, seem to prove that the Devonian strata are 
conformable from top to bottom, and are older than the Carboni- 
ferous formation ; that there is an alternation of reddish sand- 
stones, containing few or no fossils, with slates, shales, and 
limestones, which, for the most part, abound ii;i fossils; that 
there is a resemblance in some general features between the 
sandstones, slates, limestones, &c, at different horizons, which 
might induce some to suspect that they were repetitions of one 
another ; but a closer examination reveals details which seem to 
disprove rather than confirm such a supposition. Professor 
Jukes's view is that the Lynton sandstone is equivalent to old 
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Ted sandstone; that it is overlain by the strata which are 
mentioned above on the Lynton slates, Hangman grits, the 
Ilfracombe calcareous slates, and the Mortehoe dates, and which 
he considers to be the representatives of the carboniferous slates 
of Ireland. The upper limit of the Mortehoe slates, he believes, 
is marked by a fault which has depressed the strata to such an 
extent as» to bring the Mortehoe slates on a level with the 
Pickwell Down sandstone, which he regards as a repetition of 
the Lynton sandstone ; while the strata from the Bc^gy slates 
to the Barnstaple beds are repetitions of those from the Lynton 
to the Mortehoe slates. There is, however, no proof of a fault, 
nor of an anticlinal, such as the nature of the case would 
demand; and the lithological structure of the strata does not 
accord with the view of their being repeated, for the Lynton 
sandstone is very different from the Pickwell Down sandstone ; 
the Lynton slates are markedly distinct from the Baggy and 
Marwood slates ; the Hangman grits are readily distinguishable 
from the Braunton beds, and there is nothing wnatever in North 
Devon, on the south side of the supposed fault, to correspond 
with the calcareous slates and Mortehoe slates, which are so well 
developed to the north of it. 

The paloeontological evidence is still more decisive against 
Professor Jukes's views. This will appear from the following 
list given by Mr. Etheridge, in whicn the species from the 
Lynton slates are grouped as Lower Devonian; those from the 
Hangman grits ana calcareous slates as Middle Devonian; and 
those from the strata above the Mortehoe slates as Upper 
Devonian. 

Lower Devonian. 

Alveolites suborbicularis. Lam. 

Favosites cervicjomis. Blainv. 

Petraia pleuriradialis. Plii 1 1 . 

ActinocrmuB tenuistriatus. Phill. 

Fenestella antiqua. Goldf. 

Chonetes Hardrensis. Phill. 

Oilhis arcuata. Phill. 

Orthifl granulosa. Phill. 

Spirifera annulifera. Yalen. 

8. hysterica. Schlott. 

S. laevicosta. Yalen. 

Rtrcptorhynchus umbraculuni. Schlott. 

Pterinea spinosa. Phill. 

Ctenodonta KrachtsD. Boen. 

Megalodon cucullatum. Sow. 

Pleurotomaria aspera. Sow. 

fiellerophon striatus. Dronn. 
Middle Devonian. 

Stromatopora concentricn. Goldf. 

Amplexus tortuosus. Phill. 

Cyathophyllum lequiseptum. £dw. 

C. boloniense. Blainv. 

C. cespitosum. Goldf. 

C. hebanthoides. Goldf. 

C. obtortum. £dw. 

Cystiphyllum vesiculosum. Goldf. 

Favosites cervicomis. Blainv. 

F. dubia. Blainv. 

F. fibrosa? Goldf. 

Hallia Pengellyi. Edw. 

Heliolites poroea. Goldf. 

Heliophylium Hallii. Edw. 

Pachyphyllum devoniense. Edw. 

Cyatnocnnus macrodactylus. 

C. variabilis. Phill. 

Tentaculites annulatus ? Schloth. 

T. Bcalaris. Schloth. 

Phacops (Trinerocephalus) Itsvis. Munst. 

Ceriopora similis. Phill. 

Fenestella antiqua. Goldf. 

F. arthritica. Phill. 

Glauconome sp. 

Betepora repistria. Goldf. 

Athyris concentrica. Y. Buch. 

A. lachrvma ? Sow. 

Atrypa aes<^uanuita. Sow. 

A. reticularis. linn. 

A. reticularis, var. aspera. Schloth. 
Cvrtina heterocljrta. Defr. 
lierista plebeia. Sow. 

Orthis interlineata. Sow. 
0. striatula. Schloth. 
Bensselaeria stringioeps. Hoem. 
Bhynchonella cuboides. Sow. 

B. pleurodon. Phill. 
R. pugnus. Mart. 
Spirifera canalifera. Yalen. 
S. curvata. Schloth. 

S. disjjuncta. Sow. 

S. nuda. Sow. 

S. tpeciosa. Schloth. 

Stringocephalus Burttni. Defr. 



Streptorhynchus crenistria. Phill. 
S. umbraculum. Schloth. 
Strophomena rhomboidtdis. Wahl. 
} Megalodon cucullatum. Sow. 
Schizodus deltoideus. Phill. 
Myalina sp. 

AcrocuUa vetusta. Sow. 
Euomphalus radiatus. Phill. 

E. serpens. Phill. 
Macrocheilus brevis. Sow. 
Natica meridionalis. Phill i p? . 
Bellerophon bisculcatus. Itoem. 
Conularia sp. 

? Orthoceras cylindraceum. Sow. 
Orthocerns cyiindricum. Sow. 
0. tentaculare. Phill. 
Fish remains. 
Upper Devonian. 

Enorria dichotoma. Haught. 
Adiantitcs llibemicus. Forbes. 
Sagcnaria veltheimiaua. Stemb. 
Bomia transitionis. Gopp. 
? Amplexus tortuosus. Pnill. 
Fistulipora cribrosa. Goldf. 
? Michelinia antiqua. McCoy. 
Petraia Celtica ? Lonsd. 
P. pleuriradiaUs. Phill. 
Actinocrinus tenuistriatus. Phill. 
A. triacontadactylus ? Miill. 
Adelocrinus hystrix. Phill. 
Cyathocrinus macrodactylus. 
C. pinnatus. Goldf. 
C. variabilis. Phill. 
Pentremites ovalis. Goldf. 
Taxocrinus macrodactylus. Phill. 
Phacops granulatus. Miinst. 
P. latifrons. Bronn. 
P. (Trimerocephalus) Isbvib. Miinst. 
} Ceriopora similis. Phill. 
C. gracilis. Phill. 
Fenestella antiqua. Goldf. 

F. plebeia. McCoy. 
Glauconome bipinnata. Phill. 
Polypora laxa. Phill. 
Athvris concentrica. Y. Buch. 
A. oecussata. Sow. 

? A. indentata. Sow. 

A. oblonga. Sow. 

} Atrypa desquamata. Sow. 
Chonetes Hardrensis. Phill. 
Discina nitida. Phill. 
Lingula squamiformis. Phill. 
Orthis interlineata. Sow. 
0. striatula. Schloth. 
? Productus longispinus. Dav. 
P. pnelongus. Sow. 
P. scabriculus. Mait. 
Bhynchonella laticosta. Phill. 

B. pleurodon. Phill. 
B. pu^pus. Mait. 

B. remformis. Sow. 
Spirifera disjuncta. Sow. 
S. lineata. Mart. 

S. megaloba. Hall. 

S. mesomala. Phill. 

S. obliterata. Phill. 

S. rudis. Phill. 

S. Urii. Fleming. 

Spiriferina cristata. Schloth. 

Streptorhjmchus crenistria. Phill. 

S. pucata. Sow. 

S. semiciroularis. Phill. 

Strophalosia productoides. ^fiirch. 

Strophomena rhomboidalis. Wahl. 

Terehratula elongata ? Schloth. 

T. sacculus. Mart. 

Avicula Damnoniensis. Sow. 

A. Bubradiata. Phill. 

Aviculopecten nexilis. Sow. 

A. poljrtrichus. Phill. 

A. traniversus. Sow. 

Pterinea canoellata. Phill. 

P. reticulata. Phill. 

P. rudis. Phill. 

? Clidophorus ovatus. Sow. 

CucuUeda amygdalina. Phill. 

C. augusta. Sow. 

C. complanata. Phill. 

C. depressa. Phill. 

GucuilsBa Hardingii var. Sow. 

C. trapezium. Sow. 

Ctenodonta latissima. Phill. 

C. lineata. Phill. 

C. pHcata. Phill. 

C. pullaatriformis. McCoy. 

C. antiqua. 

Curtonotos unio. Salt 
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C. elegant. Salt. 
Cypiicardia PhilliiMii. D'Orb. 
I^ptodomui conistnctuB. M'Coy. 
Sanguinolaria elliptiea. Phill. 
8. (Edmondia) aiucata. Miinst. 
Sanguinolitea complanatus. Phill. 
8. liratufl. Phill. 
Acroculia yetiista. 8ow. 
Euomphaliu terpene. Phill. 
Loxonema rug;ifera. Phill. 
Macrocheilus neglectua. Phill. 
Murohiaonia an^ata. Phill. 
Natiea meridioxudia. Phill. 
Pleurotomaria aapera. 8ow. 
P. oanoellata. Phill. 
P. expanaa. Phill. 
P. mcilia. Phill. 
Bellerophoii biaculcatua. Boem. 
B. sub^lohatua. M'Coy. 
B. Urii. Fleming. 
Poreellia Sjrmondui. 
Goniatitea yinctua. Sow. 
} Orthoceraa dnctum. Sow. 
0. oylindraceum. Sow. 
0. imbricatum } WnhL 
PhiU. 



0. lineolatum. 
0. ludenae ? 
0. tentaculare. 
0. undulatum. 
0. striatum. 
UoloptychiuB ip. 
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According to these lists there are 14 genera and 17 species 
known from the Lower Devonian; 38 genera and 59 species 
from the Middle Devonian ; and 55 genera and 1 10 species from 
the Upper Devonian. The palseontological relations hetween 
these groups will be seen from the following sunmiary, in which the 
percentages are so calculated as to obviate as much as possible 
the misconception liable to arise from paucity and inequality in 
the number of species. One example will illustrate what we 
mean. If only a few species were known from the Lower 
Devonian, ana these species were to recur in the Middle 
Devonian, associated witn upwards of 50 other species, it would 
not represent the probable closeness of the connection to say 
that all the Lower Devonian species pass up into the Middle 
Devonian. A more approximate idea will be obtained by 
calculating the percentage conmion to both periods upon the 
numbers present in each division, and dividing by two; and this 
is what we have done. For instance, 5 species, or 39 per cent, of 
the Lower Devonian species, nass up into the Middle Devonian 
strata, of the fauna of which Uiey constitute rather more than 8 
per cent. These numbers added together and divided by 2 yield 
23 per cent, which represents the approximate palasontological 
degree of affinity between the two faunas. Of the 17 Lower 
Devonian species, 5 pass into the Upper Devonian, and the 
affinity between the two faunas is 21 per cent. Of the 
Middle Devonian species 20 pass into the Upper Devo- 
nian, the affinity between the two faunas being 26 per cent. 
One or two species in the Lynton beds, or Lower De- 
vonian, is known in the carboniferous limestone; but even 
this point is doubtful, for it is not certain that the Choneies 
hardreruis of the Lower Devonian is specifically the same as 
^e Chonetei hardrerms of the carboniferous formation; and 
FenesUlla antiqua is a fossil that cannot be relied on, since it 
generally occurs in casts. The palasontological evidence then, 
as far as it goes, confirms the distmctness of the Lower, Middle, 
and Upper Devonian groups, and discountenances the view that 
the Lower and Upper are formed of the same strata. More- 
over, it shows deciaedly that the Ilfracombe series is not a part 
of the carboniferous formation, since less than 9 per cent of the 
Middle Devonian fossils pass into that formation in other areas. 

If, then, it be admitted that the so-called Devonian strata 
were deposited after the Silurian, and before any of the carboni- 
ferous rocks, it would seem probable that they mifi;ht be, either 
wholly or in part, synchronous with the old red sanostone, which 
occupies a similar stratigraphical position. Many geologists 
have written in support of the view that Lower, Middle, and 
Upper Old Red Sanostone, correspond with the Lower, Middle, 
ana Upper Devoniaii. Thus. Mr. Salter has described how the 
upper old red of Pembrokesnire consists almost entirely of red 
sandstone and marl north of West Angle Bay, there bemg only 
a few Rrey sandstones and subcalcareous bands. Farther south 
the Tea sandstones diminish, and are replaced by fomdliferous 
limestones and grey shales. The fossils comprise SermUa advena, 
Avicula damncnientiSf OuctUlcBa trapezium (7). RhynchoneUa 
latieoiUi, BelUrophon hiieulcatui; as also species of PUuroUnnafvi, 
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Nvcula, SanguinolitfSf Modiola, AxinuSy and Discina; many of 
which are characteristic of the Upper Devonian of North 
Devon. On passing into North Devon, the grey shales and 
limestones present a still greater development, while the red 
sandstone has almost disappeared. There are several plants 
which have as yet only been found in the upper division of the 
Old Red Sandstone, and of the Devonian or I^orth Devon, viz., 
Kncrria dichotoma, Adiantites hihemica^ Sagenaria veltheimianaf 
and Bomia transitionia. The evidence is scanty, but it all 
points in one direction, and is confirmatory of that which is 
yielded by the Devonians of other areas. 

A comparison of the Devonians of North Devon with those of 
other countries suggests a question to which there is great dif- 
ficulty in giving a satisfactory solution. Granting the possibility 
of distinguishmg the Lower, Middle, and Upper Devonian 
throughout western Europe generally, can it be safely asserted 
that the three divisions are synchronous amongst themselves? 
For instance, taking Mr. Etheridge's general table as a standard, 
and the brachiopodous faunas as the test of comparison, we 
obtain, by applying the percentage method indicated above, 
results which show that, as far as Sie brachiopoda is concerned, 
there is sometimes a closer affinity between the Lower Devonian 
of one area and the Middle Devonian of another area, than 
between the Lower Devonian of the two areas. Thus the 
Lower Devonian of North Devon has a relationship of 56 
per cent with that of Cornwall; 32 per cent, with that of 
Belgium; 24 per cent with that of the Rhenish district,^ and 
only 17 per cent, with that of South Devon. The same 
division in North Devon has a relationship of 38 per cent 
with the Middle Devonian of South Devon ; 33 per cent, with 
that of the Rhine ; 23 per cent, with that of Cornwall ; 21 per 
cent with that of France; 19 per cent, with that of North 
Devon, and 18 per cent with that of Belgium. Its relationship 
with the Upper Devonian of North Devon is 6 x>€r cent., and 
none of the species occur in the Upper Devonian and other 
areas in western Europe. The promment feature here is that 
while the relationship between the Lower Devonians of North 
and South Devon is only 17 per cent, that between the Lower 
Devonian of North Devon and the Middle Devonian of South 
Devon is 38 per cent. These figures afford no clue as to 
whether the facts on which they are based are more in favour of 
the South Devonian strata being older or later than those of 
North Devon. This can only be ascertained by analyzing the 
lists, and for the present we will restrict our attention to Devon- 
shire. Of the nve species from South Devon there are two 
species which are known only in the Lower Devonians of the 
coimty, but neither of these occur in North Devon. Of the eight 
species which ascend into the Middle Devonian of South Devon, 
one is known in the Lower Devonian only of North Devon, and 
two others occur in the Middle Devonian of that area. One 
species occurs in the Upper Devonian of North Devon. From 
tnis it woidd appear that the Lower Devonian fossiliferous 
strata of South Devon are older than those of North Devon. Of 
the seven species from North Devon only one is peculiar to the 
Lower Devonian of that area. There is also only one which 
occurs in the Lower Devonian of North Devon, whereas four 
species occur in the Middle Devonian of North Devon. Relying 
simply upon this evidence the strata should be arranged thus, 
the first mentioned being the oldest : Lower Devonian of South 
Devon, Lower Devonian of North Devon, Middle Devonian of 
North Devon, Middle Devonian of South Devon. These re- 
marks, of course, only apply to the faunas, which are restricted 
to a portion only of the strata. The relationship between the 
two Middle Devonians is 61 per cent. We shall have occasion 
to allude to this again in describing the strata of South Devon. 
The connection of the Middle Devonian of North Devon is 
closest with that of South Devon, after which follows that of the 
Rhenish district (54 per cent), while the connection with that 
of Cornwall is 32 per cent ; it has an affinity of 31 per cent 
with the Lower Devonian of the Rhine ; 51 per cent with the 
Upper Devonian of the Rhine ; 39 per cent with the Upper 
Devonian of Cornwall ; 38 per cent with the Upper Devonian of 
Belgium, and 35 per cent, with that of Nortn Devon. An 
analysis of the Middle Devonian brachiopoda of Devonshire 
confirms the indication suggested by the distribution of the 
Lower Devonian, since a larger proportion of the North Devon 
than of the South Devon species pass into higher strata. 

Passing next to the area of South Devon and Cornwall we will 
endeavour, by the aid of Dr. HoU's paper (* Q. J. GeoL Soc ' voL 
zxiv.), to indicate the probable succession of strata, and to point 
out what appears to be their probable correlation with the ^rata 
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of North Devon. The general strike is nearly east and west, 
but with a curve towards the north at the eastern end of the 
district, as in the neighbourhood of Ashburton and Newton 
BusheL The country is much faulted and undulated, so that it 
is difficult to ascertain convincingly the true succession of the 
strata. The dips are usually N.E. and S.W. or S.E., but the 
prevalent dip appears to be southerly, since the younger rocks 
are most developed in the south and the older ones in the north. 
The latter part of this remark is liable to some modification, 
since some of the oldest strata are brought up to view towards 
the extreme south in the arches q{ anticlinal folds. It is in con- 
sequence of the faulted, folded, and denuded condition of the 
strata that there is a somewhat sporadic distribution of the 
strata of the same horizon ; and as there are no prominently con- 
spicuous differences between the higher and lower beds, it is not 
easy to distinguish between them in the absence of direct strati- 
graphical evidence. On these grounds we shall mainly follow the 
order in which Dr. HoU mentions the strata before attempting 
to indicate what the general succession is. On the western side 
of the Dartmoor granite, and a little south of Tavistock, the 
beds are pale greenish and grey argillaceous slates intersected by 
numerous veins of quartz, and interstratified with a few beds of 
grits, the prevailing dip being south-west. They ranee as far 
south as Beer Ferris and Bickleigli, and pass under higner beds 
of slates, many of them blue and purple, near Tamerton Foliot. 
The country west of the Tamer is much faidted, and the southern 
limit of this expanse of green and grey slates is near Callington. 
Associated witn the green and grey slates ai*e a number of 
elvans which have the same strike, but not the same dip, as the 
slates themselves. There are also numerous beds of volcanic ash 
which are contemporaneous with the slates, since all have the 
same dip, the same strike, and the same plane of bedding. Farther 
north, as at Trewen, the slates and asn beds dip N.E., and pass 
imder fossiliferous slates in the midst of which are developed 
the limestones of Petherwtri and Landlake. This woidd indicate 
an anticlinal disposition of the strata ; the axis passing from 
Buckland Monacnorum, near the granite of Dartmoor, west- 
wardly into the east part of ComwalL The blue and purple 
slates near Tamerton Foliot would then be on nearly the same 
horizon as the upper slates near Trewen; and the Petherwin 
limestone in the north would correspond to the Pljrmouth lime- 
stone in the south. The Trewen or upper slates are chiefly 
olive and brownish, speckled and stained with ochreous matter, 
much cleaved and of a splintery fracture in their lower portions ; 
but the higher beds, north of Trewen, are softer, thicker, paler, 
and more even in texture. They are imconformably overlain 
by the culm measures of Central Devon. The Trewen or upper 
slates, are also associated with volcanic beds which range nearly 
as high as the limestone. Farther westward, or in Cornwall, 

freenish-grey slates dip under a band of volcanic rock at Pen- 
all and St. Kitt's, and are underlain by lower rocks with their 
grits. Still farther west, as at Delabole, Tregalla, and Tintagell, 
there are greyish slates beneath volcanic beds, which have a 
general dip to the south and south-west They dip imder the 
higher slates of Delamere Down, which appear to correspond to 
the higher slates north of Trewen, but theydiffer in bemg free 
from interstratified beds of volcanic ash. This, however, only 
applies to the lower part of the series, for fiBirther westward, or 
near St. Teath, higher beds come in, and those ara not only 
associated with ash beds, but also with calcareous bands which 
appear to correspond in position with the Petherwin limestone. 
"Diese limestone bands can be traced from Constantino Bay, by 
Padstow and St Michaers to Lower Amble, while some of the 
slates associated with them are purple, and similar to those of 
Sedtash and St. Germans. Along St Breock's Down is an east 
and west anticlinal axis which extends from near Morgan Porth 
to near Polbroke, which brings up lower rocks consisting mainly 
of pale slates interstratified with bands of fiprey grit and much 
intersected by quartz veins. Similar beds lorm a narrow strip 
of country in the vicinity of Boconnock and Broadoak, and it is 
probable that the grits near St. Keyne are an eastern extension 
of them. The St Keyne grits pass under the argillaceous and 
calcareous rocks on the south. 

Returning again to the south-eastern comer of Cornwall, the 
argillaceous rocks with volcanic beds south of St Looe are so 
highly plicated and cleaved that it is difficult to trace their 
relation with other strata, or to ascertain their thickness. At 
Quethiock they dip south, reappear at Menheniot, and further 
south are succeeded by slates which are sometimes purplish. 
Still further south we come upon the grey, blue, and purple 
slates near Landrake ; and these are succeeded -by the slates and 



volcanic beds of St. Stephen's and Saltash. These latter slates 
dip south and pass unaer the blue* and purple slates with ash 
be^is which lead!^ up to the Plymouth limestone. On the west 
side of the Hamoaze the variegated slates, with their grits at 
Grafthole, are succeeded by the grey slfttes of Polscove, and 
these by the grits of Sheviock. At St Lode, also, there are 
similar slates with underlying nits. This succession of the 
strata from the purple slates to tne grits is strikingly similar to 
what we have already indicated to 1^ the downward succession, 
and there is apparently nothing in the structure of the country 
to disprove this supposition. There is probably an anticlinal or 
a fault which causes the apparent inversion of the beds in this 
district. On the east side of the Hamoaze there is little doubt 
that the succession of the beds is upward as we pass from north 
to south. The ar^aceous slates with ash beos of Landrake 
are on the same strike as those at Tamerton Foliot and there, as 
has already been stated, they are overlain by the Plymouth lime- 
stone, and this in its turn is overlain by the grey and blue slaty 
rocks of Mount Edgcumbe, Plimstock, and Eiberton. In fol- 
lowing up the line of striie towards the east we come upon a 
series of limestone scattered over a wide expanse of country, and 
most developed in the extreme east, as at Ashburton, Newton 
Bushel, ana Torquay. Smaller masses occur at numerous 
other localities. It is generally supposed that these limestones 
are on the same horizon and are repeated by undulations and 
faults ; but there are a few facts which would lead one to infer 
that they represent two series of limestones situated at different 
horizons. Dr. HoU seems to be inclined to take this view of 
the matter, and as it would be impracticable to discuss it with- 
out entering into minute details, we quote his general remarks 
on the subject "It is obvious that the true position of the 
Plymouth and Torbay limestones in the general mass of the 
South Devon rocks, is a matter of great importance to the 
correct interpretation of the structure of the country. Looking 
at the rock, the question might suggest itself whether or not the 
limestones which range by Bickington and Ashburton to Dean 
Prior might not be the same as those of Ogwell, Ipplepen, and 
Dartington, thrown over a broad anticlimd axis of the lower 
slates to the north-west This view, no doubt, would have the 
merit of simplifjdng the structure of the coimtry south of the 
culm measures, inasmuch as it would bring the limestones of 
South Petherwin, Padstow, the Looe river, and St Germans, 
into relationship with those of Plymouth and Torbay on one 
horizon ; and, as will be shown hereafter, although the distri- 
bution of organic life in these rocks is very irregular and local, 
nevertheless palaeontological records woula not altogether dis- 
countenance it. i3ut however plausible this interpretation may 
appear at first sight, all the direct evidence obtainable, as 
already stated, is entirely against it; and whether we cross the 
count^ from Bickington, by Hobbs*s Wood, to Chircombe Bridge; 
01 from Ashburton, by Woodland, to Torbryan; or farther to 9ie 
south, from the granite by South Brent to Black Hall, near 
North Hewish, we appear to have a clear upward succession of 
the beds; and In the two or three instances in which the 
volcanic rocks were observed to have exerted any influence on 
the contiguous slates, it was on the Ashburton slate only. 
There is equal difficulty in regarding the Plymouth limestone as 
the same as those of Nulladon and uie Looe river brought up to 
the surface by an anticlinal axis, with the intervenmg beds 
troughed in between them, notwithstanding the apparently 
horizontal throwing out of the limestone at each extremity, and 
the contortion seen at St. John's. This view would of course 
require the beds contained in the synclinal trough west of the 
Looe river, as they trended up to the Lybner and the Hamoaze, 
to become inverted, and in this position to range eastward to the 
c;ranite north of Ivy Bridge, where, partly by granite and partly 
by faults, the continuity of the belt of rocks becomes destroyed. 
But we cannot assume this view without doing violence to the 
apparent relations of the bedding on either side of the mouth of 
the Seaton river, and there is, in fact, no direct evidence to bear 
it out. Moreover, it would bring these beds into relationship 
with the rocks which certainly overlie the limestones of Ply- 
mouth and Brixham on the south, and occupy the whole of the 
Dartmouth and Elingsbridge district, with wnich, notwithstand- 
ing a considerable resemblance in lithological character, there is 
no palaeontological evidence to connect them ; whereas the rocks 
which are seen beneath the limestones at Mudstone Bay and 
Meadfoot sands are related to them by similarity of fossil 
contents and more especially by their fish remains. On the other 
hand, the slates whicn occupy the country between the Ogwell 
and Ashburton limestones resemble, both petrologically and 
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in the abundant association of volcanic roc^, the beds which, 
brought down from the Liskeaid district by St. Germans and 
Salt£^h, and from the coast by Polbathick and by Anthony, are 
continued by Plympton to the southern extremity of the granite 
at Ivy Bridge." 

AlJove the limestones at Dartington, Berry Pomeroy, and 
Marldon. are a series of coloured slates, which are usually 
claret-coloured in the lower portion, but are more generally grey 
and dark blue in the higher beds. In places the slates contain 
bands of grejr, yellow, or purplish grit Their thickness has not 
been ascertamed, but they have a general south-east dip. There 
is apparently an almost entire absence of calcareous matter, very 
few organic remains, and many of the beds have a remarkably 
glossy appearance. These slates appear to be arranged in a 
series of wlds with the tops planed off, and having a uniformlv 
souUierly dip. In tracing them from Ugborough on the north 
to Chaarleton on the south, the grits thin out, while the slates 
increase in thickness. 

We have yet to notice an exjK)sure of the grits beneath the 
limestone at Meadfoot sands, which have yielded many of the 
species found in the grits at Looe, and which appear to be the 
equivalents of those grits as well as of those brought up bv the 
anticlinal axis of St. Breock's Down. Amongst the fossus lound 
here are PUurodictyumprohlematicum, Athyrit concentrica, Spirife- 
rina cristata, Leptana laticosta, Ortkis hipparionyx, Eellerophon 
hisukatuSf and rkyllolepis concentrica. 

In summing up the general conclusions a^ to the succession of 
the beds in South Devon and Cornwall, it would seem that the 
lowest are pale grey slates, interstratified more or less exten- 
sively with grits; then follow blue, purple, and variegated slates, 
which are associated with numerous ash beds, and with at least 
one, more probably two, horizons at which limestone is de- 
veloped ; and above these follow a series of red grits and slates, 
together with another series of slates which are grey, blue, green, 
&c., somewhat glossy, interstratified with a few oeds of grits and 
ash, and poor in fossils. Moreover, they appear to be arranged 
on either side of an anticlinal axis, which passes from Buckland 
Monachorum far away into Cornwall, but this disposition is 
much obscured by faults, undulations, and denudations. It 
may be noticed, also, that the grits and coarse-grained rocks are, 
on the whole, best represented towards the west, and the lime- 
stones and finer shales are in fullest force towards the eastern 
end of the area. 

This succession, it may be observed, bears a strong resemblance 
to that of the Middle Devonian beds of North Devon, from the 
Hangman grits to the Mortehoe slates. Thus the grey slates with 
grits of St. Breock's Down, Looe, and Meadfoot, correspond to the 
uppermost portion of the Hanpnan grits, but differ in being far 
more abundant in fossils ; next follow the pale slates with grits of 
Buckland Monachorum and elsewhere, which correspond with 
the lowest portion of the calcareous rocks of the Ilfraconibe 
series ; the purple and blue slatea of Tamerton Foliot answer to- 
the lower Ilfracombe slates ; the ash beds seem to represent the 
igneous rocks interbedded with the slates of Paracombe in 
Somersetshire, not far above their junction with the Hangman 

Sits. Ihe limestones of South Devon resemble those of North 
evon and Somerset in that they are thickest towards the east, 
and probably also in being met with at two horizons, since this is 
known to be the case in Somerset, and there are some grounds 
for believing it also to be the case in South Devon ; the higher 
volcanic ash beds of North Devon appear to represent the inter- 
bedded igneous rock of Bittadon, which occurs a little below the 
level of the Mortehoe slates; the red grits of South Devon 
answer to the red sandstones at the base of the Mortehoe 
series ; while the glossy variegated slates find their representa- 
tives in the upper Mortehoe slates, which are remarkable for 
their glos^ess. 

To all appearance there is a general correspondence in the 
stratigraphical succession, and not a little similarity in the 
lithological characters of the strata. If the view here adopted 
is correct, all the rocks of South Devon correspond to a laige 
proportion of those of North Devon which Mr. Etheridge has 
grouped under the term Middle Devonian. The lower part of 
the Hangman grits appears to be absent, but it seemsprobable 
that very little of the Mortehoe slates are wanting. Tms view 
is, however, not that which is generally accepted. Thus the 
lower ^tty slates of Looe and Meadfoot are ranked as Lower 
Devonian by Mr. Etheridge ; while the Petherwin limestones 
are considered to be Upper Devonian by Mr. Salter. As to the 
palfiBontological evidence confirmatory of the Middle Devonian 
age of these beds, we must refer to Dr. Holl's paper for details. 



Here we can only state that this paper contains a list of 42 
Looe (or Lower Devonian) fossils* Of these 5 are unknown 
elsewhere. Of the remaining 37 species, all but two, viz., 
OrihU hipparionyx and Pterinea apinosa, are recorded from 
Middle Devonian rocks elsewhere ; while only 8 are known in 
the Lynton beds or Lower Devonian of North Devon. The 
balance then is in favour of their Middle Devonian age. It is also 
shown that the great majority of the Petherwin species are 
Middle Devonian fossils, while only 3 out of 72 are not known 
in the Middle Devonian rocks of other areas. 

Before turning our notice to the Devonian strata of America, 
we would say a few words about the BracMopodous fauna of 
Great Britain. In the elaborate tables contained in the anni- 
versary addresses of Professor Eanpay to the Geological Society 
of London, a few years ago, numerical estimates are given of the 
species occurring in the various primary and secondaiy forma- 
tions of Great Britain. The figures relating to the brachiopoda 
are as follows : — 

Genera. Species. 

Lower Silurian 15 100 

Upper Silurian 16 91 

Devonian 14 96 

Carboniferous 16 123 

Permian ....... 10 23 

Lias 9 39 

Oolites 7 69 

Cretaceous 14 69 

Tertiary 6 9 

Becent 6 7 

From this table alone it would seem that the maximum 
development of the class was in the carboniferous period, 
but it would not be safe to infer that the brachiopoda as a class 
were more predominant in this period than any other. On 
analysing the tables given by Professor Ramsay, it may be con- 
cluded mat the brachiopods were the predominant molluscan 
type throughout the Silurian and Devonian periods, when they 
specifically far outnumber any other class. During the car- 
boniferous period all the classes of moUusca are well repre- 
sented, but the brachiopoda have yielded fewer species than any 
other class, and in no subsequent period do they regain the 
same important place as in the pre-carboniferous strata. The 
fluctuations in absolute numbers no doubt depends largely upon 
the thickness and nature of the beds, which differ for each tor- 
mation, and the relative number oi each class found may also 
depend on the same causes, but in a far less degree. Allowing 
for these disturbing elements it seems unquestionable that 
brachiopods held the first rank in the earliest ages, and CTadually 
dwindled into a decided minority in the later geologicS epochs. 
The point which we wish to indicate more particularly now, is 
the marked contrast in the development of the brachiopoda 
relatively to other moUusca in the Devonian and in the carboni- 
ferous periods. This is shown in the subjoined table in which 
the number of brachiopoda known from each group is assumed 
to be 100, and the relative numbers of the other classes is calcu- 
lated on this basis : — 

Lamelli- Gastero- Cephalo- 
branchiata. poda. poda. 

Bp. Bp. sp. 

Lower Silurian ... 41 20 37 

Upper Silurian .... 82 40 50 

Devonian .... 50 48 50 

Carboniferous . . . . 235 150 110 

Permian 141 96 9 

lias 330 90 810 

OoUte 860 530 200 

Cretaceous 580 200 300 

In many cases the Devonian or carboniferous a^ of a set of 
fossils from a given series of British beds, may oe settled by 
ascertaining what proportion the brachiopoda form relatively to 
the other classes. 

There are 23 genera and sub-genera of brachiopoda recorded 
from British Silurian rocks, and 12 of them, or ratner more than 
50 per cent, also occur in Devonian strata, where they are joined 
by 12 other genera. Of the 24 Devonian genera, 16, or 62 per 
cent., ascend into the carboniferous beds, so that the connection 
is somewhat closer with the carboniferous than with the Silurian 
period. The forms which first appear in the British Devonian 
are Camarophoria, Cyrtma, Davidsonia, Merista, Productus, Bens- 
BtlcBria, Spvriferina, Streptorhynchus, Stringocephahis, StrophcUotia, 
TerebrcUtUa, Uncites [Brachiopoda, E. C. S. col. 189J. 

The Devonian strata of America are so widely different from 
those of Europe, that no strati^phical conformity can be 
detected between them. In Amenca there is another important 
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difference, which is, that the Devonian rocks are underlain by 
Silurian, and overlain by carboniferous formations ; and the 
connection with the Silurian beds is such that there is some 
dispute as to what stiata shall be regarded as the base of the 
Devonian group. The strata were first worked out minutely by 
the geological surveyors of the state of New York, and their 
arrangement and nomenclature is usually taken as a standard 
for comparison by the geological surveyors of other states. This 
arrangement is in the main that followed by Dana in his 
* Manual of Geology,* who tabulates the strata thus : — 



5. Catskill period. 
4. Chemung period. 

3. Hamilton period. 

2. Comiferous period. 
1. Oriskany period. 



Catskill red sandBtone. 

2. Chemung group. 

1. Portage group. 

3. Genesee beds. 

2. Hamilton group. 

1. MarcelluB group. 

3. Upper Helderberg group. 

2. Schoharie grit. 
1. CaudagaUi grit. 

Oriskany sandstone. 



The deposits have undergone far less stratiOTaphical disturb- 
ance and obscuration than those of Europe, and can be followed 
over immense areas of ground. As a general rule the coarse- 
grained, shallow water aeposits attain their greatest thickness 
along the Appalachians, and thin out westwardly towards the 
flat regions of the Mississippi and Missouri basins, where the 
representative deposits are mostly limestones. In the Appa- 
lachian range the greatest thickness is upwards of 15,000 feet, 
but in the west it does not exceed 500 feet. 

The Oriskany sandstone is several hundred feet thick in the 
Appalachian region ; about 30 feet thick in Oneida county. 
New York, to the west of which it rapidly thins out. It is m 
places a pure siliceous sand of a yellow or bluish tint, which 
readily crumbles down so as to be suitable for making glass. 
In other localities it is largely mixed with argillaceous matter, is 
of a dark brown or reddish colour, and abounds in nodules of 
homstone. The CaudagaUi grit is a brownish argillaceous sand- 
stone, with a thickness of about 50 or 60 feet. Above it is the 
Schoharie grit, which is a fine-grained sandstone containing 
more or less calcareous matter. It passes up into the limestones 
of the upper Helderberg group, which attam in places a thick- 
ness of 350 feet, and extend over a far larger area than either 
of the previously mentioned fjroups. They are less developed 
in Pennsylvania than in the Michigan peninsula. They are to a 
certain extent the correlates of the Middle Devonian limestones 
of Europe, since, like them, they are coral reefs, and like them 
they represent that part of the Devonian period when limestones 
were in most active deposition in America ; and like them they 
are the lowest Devonian limestones of their district The 
Marcellus group consists chiefly of a soft, argillaceous, bitu- 
minous shale, containing a few nodular Danos of limestone. 
The Hamilton beds are also shales and flags, with a few thin 
limestone beds in the west, and a few sandstone beds in the east. 
The Qenesee group consists of a black carbonaceous shale. The 
greatest thiclaiess of the beds of the Hamilton period is 1200 
feet. The Portage group consists of shale and shaly sandstones, 
the latter prevailmg in tne east and the former in the west ; near 
Lake Erie they are 6400 feet thick. The Chemung group com- 
prises alternations of sandstones and shales, the thickness ranging 
irom 3000 feet in the Ai)palachian region to 1500 feet, and less 
farther west. The CatsEll group consists of variegated shales 
and sandstones, red being the prevalent colour. The upper beds 
are somewhat conglomeratic. Its thickness in the Appalachian 
is from 5000 to 6S0O feet. The contrast between the Appala- 
chian region and the district farther west is manifest from these 
details ; but perhaps a better idea may be formed by a perusal 
of the following general sections in various regions as given by 
Dana : — 

Pennsylvania, 

Oriskany Period. Calcareous shales and calcareous and 
argillaceous sandstone, 520 feet. 

Conmerous Period. Silico-calcareous shale, 200 to 300 
feet ; and a massive blue limestone, 80 feet. 

Hamilton Period. Black and ash-coloured slate, with some 
argillaceous limestone, 800 feet; argillaceous and cal- 
careous shales and sandstone, 1100 feet; upper black 
calcareous slate, 700 feet. 

Chemimc Period. Dark grey, flaggy sandstones, with some 
blue shale, 1700 feet ; grey, red and olive shales, with 
grey and red sandstones, 3200 feet. 



Catskill Period. Red sandstone and shale with some con- 
glomerate, 6000 feet. 
Michigan, 

Oriskany Period. Cherty, sometimes agatiferous, conglo- 
merate, 3 feet. 

Comiferous Period. Brecciated limestone, 250 feet ; over- 
laid by oolitic, arenaceous and bituminous limestones, 
104 feet 

Hamilton Period. Black bituminous limestone, 15 feet ; 
argillaceous limestones, 17 feet; crystalline limestone, 
with included lenticular clayey masses, 23 feet ; black 
bituminous shale, 20 feet 

Chemung Period. Shales with intercalated flagstones and 
limestones, 190 feet 
I(yica, 

Comiferous Period. Grey compact limestone, with some 
concretionary and shaly layers, 50 feet or more. 

Hamilton Period. Maguesian limestones, 100 feet. 

Chemung Period. Siliceous shales, sometimes calcareous, 
100 feet or more. 
Illinois, 

Oriskany Period. Quartzose sandstone, becoming locally 
calcareous, 50 feet 

Hamilton Period. Coralline limestone and shale, dark- 
coloured fetid limestone, 120 feet; black bituminous 
shales and slates, 40 feet 
Missouri, 

Oriskany Period. Light grey, nearly pure limestone. 

Comiferous Period. Grey compact earthy limestone, with 
chert and some sandstone ; in some parts a hard white 
oolite, 75 feet 

Hamilton Period. Blue aigillaceous shales, with thin layers 
of concretionary limestone, 50 feet ; black slate, 6 feet 
Tennsssee, 

Hamilton Period (?). A brownish black slate, often pyri- 
tiferous and bituminous, 100 feet or more. 

The following general remarks which are also taken from the 
same authority afford an excellent resum^ of the prominent 
geographical and palasontological features of the Devonian era. 
Land plants may nave existed in the Silurian period, but it 
is only in the Devonian that we can trace any great addition 
to the dry land of the Azoic area, which now forms part of the 
American continent But even during the Devonian period the 
area of North America was in the main occupied by a great sea 
nartiall^ surrounded by lai^e islands. In place of the Roclry 
Mountains and Appalachians there were only islands, reefs, and 
shallow waters to mark the future site ; for carboniferous strata 
and others of later age cover the slopes of the western 
mountains even over their summit plains, and a limestone of 
carboniferous age has been observed in one place at a height of 
13,000 feet above the sea. The fossils of these rocks are the 
remains of animals that lived in the continental seas of that 
region in the next age after the Devonian. The Appalachians 
also contain in their structure rocks of the Devonian and carbo- 
niferous era. The Green Mountains were already in part dry 
land ; but as rocks of the Devonian and carboniferous series con- 
stitute portions of New England they could not have had their 
present elevation, and were probably low. It follows, from the 
limited area of the land and the absence of high mountains, that 
there were no larce rivers at the time. None of the strata bear 
evident marks of fresh water orinn. The shale deposits and 
sand rocks are such as might have been formed by fresh waters ; 
but they all contain fossils, few or many, which are of the same 
genera, and often the same species with those of beds obviously 
marine. Proofs of fresh water depositions, therefore, still fail 
us. Their absence may be accounted for on the c^rounds that 
there were no great rivers, and that the material borne to the 
area would be worked up by the waves, while such land deposits 
as existed would be re-arranged during periods of submergence. 
The history of the Devonian period is a history of successive 
oscillations in the continental level, the position of the accumu- 
lating dex>osits varying more to the east or to the west with the 
varying location oi the subsiding or emerging areas. Through- 
out the whole, the Appalachian rMaon continued to be well 
defined. Its deposits consisted maimy of shales and sandstones, 
and they have a total thickness of at least 15,000 feet ; while in 
the west the rocks are for the most part limestones, with a thick- 
ness of less than 500 feet It appears, moreover, that in the 
Devonian as well as Silurian age the interior region was covered 
with but thin beds of any kind, thin sandstones where sandstones 
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were formed, and thin limestones, that is, thin as compared with 
the contemporaneous shales and sandstone strata farther east; 
and hence the oscillations of level there indicated are small as 
compared with those of the Appalachian region. Moreover, 
from the prevalence of limestone strata in the west, we learn 
that the great Mediterranean sea of the Silurian age was con- 
tinued far into the Devonian, opening south into tne Atlantic 
and Gulf of Mexico, and reaclung north probably to the Arctic. 
Through some parts of the west, me Niagara and Upper Helder- 
berg Lmestones, the formations of that interior sea foUow each 
other with but little interruption. 

The introduction of land plants and that of fishes are the two 
great steps of progress that especially mark the Devonian age. 
The land plants belong to two promment groups — Conifers and 
Acrogens. The former are the lowest of flowering plants, the 
latter the highest of the flowerless plants, or cryptogams. 
Mosses, an inferior group of cryptogams, are unrepresented. 
Thus the new creations conmienced with neither the highest 
nor the lowest of plants, but at an inteimediate point, where 
tiie lower and higher series came together. There was neither 
moss nor grass; and no showy flowers to be contrasted with 
the verdure. The conifers have unconspicuous flowers, and 
of all flowering plants approximate most nearly in fructification 
to the acrogens. Moreover, between the acrogens and the coni- 
fers of this era, there was an intermediate croup (althouch most 
closely related to the latter), which included the SigiUaricp, so 
that there was a remarkable unity in the early botany of the 
world. The acrogens belonged to t^e Lycopodium, Equisetum, 
and Fern tribes. The fishes consisted of two groups, the Sela- 
chians and Ganoids ; the former, be it noticed, is the highest 
amongst the fishes of the present seas. Many of them, but 
more especially Ganoids, have characters which were afterwards 
highly developed in the reptiles. " The progress of life during 
the Devonian is further seen in (a) the introduction of many 
new genera under old tribes ; for example, Productiu among 
brachiopods, which began in America in the comiferous j^riod, 
and had its maximum display and also its extinction in the 
carboniferous age ; Goniatites^ among cephalopods, which had 
its earliest American species m the Hamilton period, and be- 
came extinct at the same time with ProductuSf — a genus of inte- 
rest, as it is the first of a family (that of Ammonites) which had 
a wonderful extension under other genera in the Reptilian age, 
and became extinct to its veiy last species at the close of that 
BJ^e ; Nucleocrinusy the earliest (after a single Silurian genus) of 
the Pentremites, another of the eminently carboniferous types ; 
the ellipsoidal form of Nucleocrinus is changed to the pentagonal 
of PerUremites with the fijrst of the subcarboniferous species, or 
even before, in the Upper Devonian. (6) The complete or ap- 
proximate extinction oi tribes, as that of the Cystids, which 
ended with the Oriskany period in America, and the epoch of 
the Eifel limestone in Europe ; that of FavisteUaj Heliolites, and 
other genera of corals and crinoids ; that of Atrypaf Caiceolay 
Stringocephalus, and other genera of brachiopods ; that of the 
chain coral, or HcUysites, which does not appear above the upper 
Silurian in America, but is foimd in the Eifel limestone in 
Europe ; that of trilobites, which, after there had been, under a 
succession of genera, over 600 species, came nearly to its end in 
the Devonian, the old genera being all extinct, and only three 
new ones appearing in tne carboniferous to close off this promi- 
nent pcdseozoic type ; the Orthocercts family, species of which are 
comparatively rare fossils after the Devonian age. (c) In the 
historical changes in tribes or genera : for example, the Spirifers, 
which began in narrow species in the Upper Silurian, oecame 
broad-winged and very numerous in the Devonian, and continued 
thus into uie carboniferous ; the genus Productus, whose earliest 
species are very small and few, are afterwards of large size and 
numerous. These changes do not consist in the gradual varia- 
tion of the earlier species ; for species are essentially constant in 
their characteristics. They become apparent solely in the suc- 
cession of species, the later species created differing in the par- 
ticulars mentioned from those which preceded them. 

Many of the beds or groups noticed by the surveyors of New 
York extend into Canada, and have been descnbed by Sir 
William Logan and his staff. The Oriskany sandstone varies 
from six to twenty-five feet in thickness, and is chiefly composed 
of grains of quartz which are in some places very minute and 
cemented with a compact white q\iartzite, and in others the 
grains are coarse, well rounded, and associated with calca- 
reous and felspathic matter. In the lower beds there is fre- 
quently found a large quantity of chert or limestone, which not 
unfrequently fills up fissures in the underlying limestone. It 



abounds in oraanic remains, the principal species being Favodtes 
goUilandtcaf P, hemisphcerica. F. turbinat<iy Zaphrentu proli/icci, 
Helwphyllum exiguum, Cystipkyllum sulcatum, Strophomena rnom- 
hoidaliSf S. ine^iatriatct, S. perflanaj S. magnijtca, S, magniventra, 
S, anwla, Chonetes hemimkenca, Orthis muscvioM, Centronella 
glansjagoy Stricklandia eUnigata, RensseloBria ovalis, R. ovoides, 
Pentamerus aratu8, Spirifera arenosa, S, arreeta, Cyrtia ro$trata, 
Atrypa reticularis, Cimocardium trigonale, Avicula arenosa^ Pla- 
tyostoma ventricosa, Platyceras nodosum, Galymene Blumenbachiif 
Phillipsii crassimarginatOf Dalmanites anchiops, and an undeter- 
mined species of fish. 

The Uauda aalli and Schoharie erits have not been detected 
in Canada, ana the next overlying bed is the limestone of the 
upper Helderberc group. It forms a large portion of the surface 
01 Western Canaaa, bemg exposed over an area of between 6000 
and 7000 square miles, and the thickness is estimated at about 
160 feet. It contains an abundance of chert, which occurs in 
bands of nodules, or in solid beds from one to four inches in 
thickness, and resembles the bands of flints in chalk. The chert 
also resembles the flint in containing organic remains of a similar 
nature, such as sponge spicules, diatoms, desmids, and bodies 
which closely resemble Xanthidia, The comiferous limestone 
differs from those of Silurian age beneath in being remarkably 
free from carbonate of magnesia ; but it is interstratified in places 
with thin bands of yellowish dolomite. All the beds are more 
or less bituminous, the petroleum being frequently found in the 
hollow cavities of the corals and other fossils. Its distribution 
is, however, peculiar, since some beds, more especially such as 
are crowded with Heliofhyllum, are saturated with the oil, while 
others contain very little. The species occurring in this grou]) 
are : — 

Fistulipora GanadcnsiB. 

FaYOsitet gothlandica. 

F. hemispnerioa. 

F. basaltiea. 

F. turbinata. 

F. cerricomiB. 

F. polymorpha. 

Mieheunia oonvexa, 

M. intermittens. 

M. farosidea. 

Syringpopora MaclureL 

8. Hiwingcri. 

8. perelo^ans. 

ZaphrentiB prolifica. 

Z. {d^ntea. 

Z. exiraum. 

Heliophyllum erienae. 

H. canaaense. 

H. colligatum. 

Phillipsastrea gigas. 

Glisiopbyllum oneidaense. 

BlothropnyUum decorticatom. 

Eridophyllum yemeuilianum. 

£. 8imooen8e. 

BiphyphyUum arundinaceum. 

D. stramineum. 

Cystiphyllum sulcatom. 

C. senecaense. 

C. grandis. 

Orthialivia. 

0. iowenna. 

8treptorhynchus pandora. 

Strophomena rhomboidalis. 

8. ampla. 

8. Pattersoni. 

8. in8e<^uiradiata. 

8. demiua. 

Chonetet arcnata. 

Bhynchonella thalia. 

R. tethys. 

Pentamerus aratus. 

Stricklandia elongnta. 

CentroneUa glansfaga. 

C. hecate. 

LeptocoDlia flabellites. 

L. concara. 

Spirifera duodenaria. 

8. fimbiiata. 

8. raricoeta. 

8. bimeualis. 

Gyrtina rostrata. 

Athyris claya. 

A. cluaia. 

A. mala. 

Spirigera concentrioa* 

A.trypa reticularis. 

Ludna elliptica. 

Conocardium trigonale. 

Yanuxemia TomkinaL 
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Platyostoma ventricosa. 
Loxonema cotterana. 
Euomphalus deceiri. 
Avicuia decuBsata. 
OrUioceras sp. 
Cvrtoceras ro. 
Pnacops bufo. 
Phillipsia crassimarginata. 
Dalmanites ep. 
Fish remains. 

The Marcellus group does not appear to extend to Canada. 
The next succeeding, or Hamilton group, does occur in Canada, 
and consists of alternations of ^v calcareous shales and grey 
encrinal limestones. The principal fossils in these beds are : 

Favosites gothlandica. 
F. tiirbinata. 
F. polymorpha. 
F. cemcomis. 
F. hemispheorica. 
Alveolites BoBmeri. 
A Fischeri. 
A. Goldfussi. 
Trachypora elegantula. 
T. irregularis. 
Striatopora linndeana. 
Diphyphyllum Archiacl. 
Zaphrentis prolifica. 
Heliophyllum Halli. 
H. tenuueptatum. 
Cystiphy^Uum americanum. 
Pentremites Boemeri. 
Strophomena ampla. 
S. inequistriata. 
S. convexa. 
S. lepida. 
Orthis Yanuxemi. 
0. pcrrersa. 
Bh^chonella Laura. 
Spirifera mucronata. 
8. parryana. 
S. sculutilis. 
Cyrtia namiltonensiB. 
Athyris concentrica. 
Cbarionella rostrata. 
Betzia Chloe. 
Atr^a reticularis. 
Lucina elliptica. 
Pleurotomaria sp. 
Orthoceras sp. 
Phacops bufo. 
Dalmanites sp. 

The higher members of the Devonian series are almost wanting 
in Western Canada, beins represented only by a moderate 
thickness of bighly fissile, black, bituminous shales, which may 
correspond with the Qenesee shales of the New York surveyors. 
But few fossils have been recorded from these shales, and most 
of them are plants, such as CalamiUs irwrrvatus, Sagenaria velthei- 
mianaf &c. It is bighly probable, howevei^ that these higher 
members are well developed at Point Gasp4 in Eastern Canada. 
At this locality there are about 2000 feet of strata^ mostly lime- 
stones, which appear to belong to the uppermost Silurians ; they 
pass up conformably, both in a stratigraphical and pabeonto- 
logical sense, into a mass of strata upwards of 7000 feet thick, 
which is believed to represent the great portion of the Devonian 
series. The beds are remarkablv uniform in general character 
from top to bottom, consisting of drab-coloured and variegated 
sandstones, separated by nartmgs of variedly coloured aigillo- 
arenaceous shales. The lowermost sandstones are apparently 
those of the Oriskany eroup, and the uppermost 1800 feet of 
strata are said to resemble the Catskill group. The Gasn4 sand- 
stones have yielded numerous plant remains, such as PmophyUm 
princeps, which frequently has a vertical position above a seam 
of clay in which its roots are buried; Selagvnites formosus, 
Cordattes angustifolta, Lepidodendron gciqnanvm, Prototaxites 
Loganif &c 

In what are considered to be the Upper Devonian strata of 
New Brunswick have been discovered an extensive series of 
plants associated with a few insects, which are, at present, the 
earliest representatives of their kinds. The plants were described 
in voL 18 of the * Quarterly Journal of the Geological Society of 
London/ and comprise the following species ; — 

Dadoxylon Onangondianum. Dawsou* 
8i^:illaria palj^ebra. Dawson. 
Stigmaria fiooides (rar.). Brongt. 
Caiamites trandtionis. Gopp. 



Calamites cannseformis. Brongt. 

Asterophyllites annularis. Dawson. 

A. latifolia. Dawson. 

A. Bcuti^era. Dawson. 

A. longifolia. Brongt. 

A. paiYula. Dawson. 

Annularia acuminata. Dawson. 

Sphenophyllum antiquum. Dawson. 

Pinnularia dispalans. Dawson. 

Lepidodendron gaspianum. Dawson. 

Lycopodites Matthew!. Dawson. 

Psilophyton elegans. Dawson. 

P. glabrum. Dawson. 

Coraaites Robbi. Dawson. 

C. angustifolia. Dawson. 

Cyclopteris Jacksoni. Dawson. 

C. obtusa. Lesquereux. 

C. yaria. Dawson. 

G. Tolida. Dawson. 

Keuropteris serrulata. Dawson. 

N. polymorpha. Dawson. 

Spnenoptens Hoeninghausi. Brongt. 

8. marginata. Dawson. 

8. Harttii. Dawson. 

8. Hitcbcockiana. Dawson. 

Hymenophyllites Gersdorffii. Goepp. 

H. obtuBilobus. Goepp. 

H. curtilobus. Dawson. 

Peeopteris (Alethopteris) discrepans. Dawson. 

P. TA.) ingens. Dawson. 

P. (A.) olMcura? Lesquereux. 

Trichomanites. 

Cardiocarpum comutum. Dawson. 

C. obliquum. Dawson. 

Trigonocarpum racemosum. Dawson. 

The insects consist of half a dozen specimens, tbe relics of as 
many sp<Mdes, all of which are referable to the Neuropterous 
order. Descriptions of them are given by Mr. Scudder in voL v. 
of the 'Geolo^cal Magazine, p. 172, et seq. They comprise 
Otrephemera sxmplexy which is said to belong to the family 
Ephemerina; Puitephemera antiquoj which is also assigned to 
this family, althougn it has a neuration very different from any 
Ephemerid known; the species was very large, having an 
expanse of win^ of about five inches. Dyscritus vetustus, which 
is represented by a fragment too small to indicate its family 
relations. lAihentomum Harttii does not belong to any existing 
family, but is most nearly allied to Hemeristvna. Momothetus 
fosiUis is the representative of a family intermediate between 
Odonaia and SuUmct, Xenoneura antiquorum, which Mr. Scudder 
says is the most interesting of all, represents a new feunily, 
in which the most striking peculiarity '' is the development of 
apparently independent vemlets, forming portions of concentric 
rings at tne base of the wings. There is nothing analogous to 
it amon^ living Neuroptera, and I can onlv compare it to the 
stridulatmg oivan of some male saltatorial Orthoptavn. Is it 
possible that tnis insect was a member of a group forming a 
synthetic type between Orthoptera and Neuroptera ? ^ 

The annexed table ^ven by Mr. Etheridge maybe substituted 
for that in £. C. vol. iv. coL 80. We have inserted the letters 
L, M, U, and C, to indicate the occurrence of the species in the 
Lower, Middle, or Upper Devonian, or Carboniferous striata. 
The list refers only to the beds of Western Europe, and the 
range or position is given on Mr. Etheridge's authority :— • 

PULMILS. 

Knorria dichotoma. Haught. U. 
Adiantites bibemicus. Forbes. U. 
8agenaria veltheimiana. Stemb. XT. 
Bomia transitionis. Gopp. U. 

AXOBPBOSOA. 

Scyphia tnrbinata. Goldf. M. 

Steganodictyum oomnbicum. M'Cov. L. IC. (A fish scale) 

8. Carteri. M'Coy. L. ' 

Sphsrospongia tessellata. Phillips. M. 

8tromatopora concentrica. Gold^ M. 

8. placenta. Lonsd. M. 

8. polymorpha. Goldf. M. 

8. ramosa. Braas. M. 

8. yerticillata. ^'Coy. M. 

AomrozoA. 

Acerrularia Battersbyi. Hilnc-£dw. M. 

A. coronata. M.«£dw. M. 

A. Goldfiisaii De Yem. M. 

A. interoellnlosa. Phill. H. 

A. pentagona. Goldf. M. 

A. Ko»meri De Tern. H. 

A. Hmitata. H.-£dw. M. 
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Alveolites BattenbyL M.-Edw. M. 

A. compressa. M.-Edw. M. 

A. tuborbioulariB. Lam. L. M. 

A. yermicTilariB. M'Coy. M. 

AmplexuB tortuosui. rhill. M. U. 

Arachnophyllum Hennahii. Lonsd. M. 

Battersbyia inequalu. K.-£dw. M 

Campophyllum nexuosum. Goldf. K. 

Chonophyllum perfoUatum. Goldf. M. 

Cyathophyllum sequiseptum. M.-£dw. If. 

C. boloniense. Blainy. M. 

C. csBspitosum. Goldf. M. U. 

C. ceradtes. Goldf. M. 

C. damnoniense. Lonsd. M. 

C. helianthoides. Goldf. M. 

C. hexagonum. Goldf. M. 

C. Manmni. M.-Edw. M. 

C. obtortnm. M.-Edw. M. 

C. Boemeri. M.-Edw. M. 

C. Sedgwioku. M.-Edw. M. 

Cystiphylluin damnoniense. Lonsd. M. 

C. vesiculosum. Goldf. M. 

Emmonsia hemisphffirica. M.-Edw. M. 

Endophyllom aboitum. M.-£dw. M. 

E. Bowerbankii. M.-Edw. M. 
FavoBites Goldfussii. B'Orb. M. 

F. cerricomis. Blainr. L. M. 
F. dubia. Blainv. M. 

F. fibrosa? Goldf L. M. 

F. reticulata, Blainr. M. 

Fistulipora cribrosa. Goldf. M. U. 

HalliaPengellyi. M.-Edw. M. 

Heliolitesporosa. Goldf. M. 

Heliophyllum Hallii. M.-Edw. M. 

Metriopnyllum Battersbyi. M.-Edw. M. 

Michehnia antiqua. M Coy. U. C. 

Fach^hyllum deyoniense. M.-Edw. M. 

Petnua bina ^ Lonsd. 

P. celtica? Lonsd. L. M. U. 

P. gigas. M'Coy. M. 

P. pleuriradialis. Phill. L. U. C. ? 

Pleurodictyum problematicum. Goldf. L. M. U. 

Smithia Pengellia. M.-Edw. M. 

S. Bowerbankia. M,-Edw. M. 

S. UennahiL Lonsd. M. 

Spon^ODhyllum Sedgwickii. M.-£dw, M. 

Strepnoaes gracilis. M'Coy. M. 

Syringophyllum cantabrioum. Be Yem. M. 

ECHIirODBBMATA. 

Actinocrinns tenuistriatus. PHill. L. M. U. 

A. triacontadactylus ? Mill. L. M. U. C. 

Adelocrinus hystrix. Phill. U. C. 

Cupressocrinus crassus. Phill. M. 

CyathoorinuB dlstans. U. 

C. ellipticus. U. C. 

C. macrodactyluB. M. IT. 

C. megastyluB. L. 

C. nodulosus. M* 

C. pinnatus. Goldf. L. M. TJ. C. 

C. geometricus. Goldf. M. C. 

C. yariabilis. PhilL M. U. C. 

Hexacrinus depressos. Aust. M. 

H. interscapularis. PhUl. M. 

H. macrotatus. Aust. M. 

Pentremites oyalis. Goldf. U. C. } 

Platycrinus tuberoulatus. Miller. M. C* 

P. pentangularis. Miller. M. 

Toxocrinos macrodactylus. Phill. U. 

Protaster sp. M. 

Palaaster sp. M. 

AnnbldOa. 

Tentaoulites annulatus. Schloth. M. 
T. sealaiiB. Schloth. L. M. 

Cbustacea. 

Brontens flabellifer. Goldf. M. 

Cheirurus articulatus. Mtinst. M. 

C. Stembergii. Miinst. M. 

Cypridina serrato-striata. Sand. M. U. 

Harpes macrooephalus. Goldf. M. 

Homalonotus Herichellii ? Phill. L. M. 

H. armatus. L. M. 

Phacops granidatus. Mttnst. M. XT. 

P. laciniatuB. Boem. L. M. U. 

P. latifrons. Bronn. L. M. U. 

P. punctatus. Stein. M. 

P. bsyis. MUnst. M. U. 

P. cryptophthahnuB. M. 

POLTZOA. 

Berenicea M'Coyii. M. 

Ceriopora simiUs. Phill. M. XT.? 0. 

G. gracilis. Phill. U. 

Fenestella antiqua. Gold. L. M. U. 0. 



Fenestella arthritica. Phill. M. 
F. plebeia. M'Coy. TJ. C. 

F. prisca. Goldf. M. C. 
Glauconome bipinnata. Phill. XT. C. 

G. sp. M. 

Hemitrypa oculata. Phill. L. M. 
Polvpora laxa. Phill. M. U. C. 
Ptylopora flustriformis. Phill. M. 
Betepora repisteria. Goldf. L. M. 

Brachiopoda. 

Athyria barionensis. Day. M. 

A. concentrica. V. Buch. L. M. U. 

A. decussata. Sow. M. 

A. indentata. Sow. M. U. 

A. lachryma. Sow. ? M. U. 

A. newtonensis. Day. M. 

A. oblonga. Sow. U. C. 

A. phalaena. Phill. M. 

Atiypa desquamata. Sow. L. M. U. 

A. flabellatA. Goldf. M. 

A. lens. Phill. M. 

A. lepida.. Goldf. L. M. 

A. reticularis. Linn. L. M. IT. 

A. r. yar. aspera. Schloth. L. M. TJ. 

Calceola sandalina. Linn. M. [This belongs 
to the Actinozoa.'l 

Camarophoria rhomboidea. Phill. M. 

Chonetes hardrensis. PhUl. L. M. U. C. 

C. minuta. Goldf. M. 

Cyrtina amblygona. Phill. M. 

C. demarlii. V. Buch. M. 

C. heteroclyta. Defr. L. M. U. 

C. multipUcata. Day. M. 

Dayidsonia VemeuiliL V. Buch. M. 

Discina nitida. PhiU. U. C. 

Leptaena interstrialis. Phill. M. 

L.laticosta. Conrad. L. M. 

L. nobilis. M'Coy. L. M. 

Lingula squamiformis. Phill. U. C. 

Merista plebeia. Sow. M. 

Orthis arcuata. Phill. L. M. 

0. sranulosa. Phill. L. M. 

0. nians. V. Buch. 

0. hlpparionyx. Vanux. L. 

0. interlineata. Sow. M. IT. 

0. Btriatula. Schloth. M. U. 

Pentamerus biplicatus Schnurr. M. 

P. breyirostris. Phill. M. 

Productus longispinus. Day. U. ? 

P. pnelongus. Bow. XJ. 

P. subaculeatus. Murch. M. XJ. 

P. scabriculus. Mait. U. C. 

Bensselsena stringiceps. Koem. L. M. 

Bhynchonella acuminata. Mart. M. 

R. angularis. Phill. M. 

B.bifira. PhUl. M. 

E. cuboides. Sow. L. M. 

R latioosta. PhiU. M. U. 

R. lumatoniensifl. Day. M. 

R. ogwelliensis. Day. M. 

R. pengelliana. Day. L. 

R. pleurodon. Phill. M. XJ. C. 

R. primipilaris. Y. Bueh. M. 

R. protracta. Sow. M. 

R. pu£[nuB. Mart. M. XJ. C. 

R. remformifl. Sow. M. XJ. C. 

R. sphsrica ? Sow. M. 

R. triloba. Sow. M. 

R. implexa ? Y. Buch. M. 

Retria ferrita. Y. Bueh. M. 

Spirifera canalifera. Yalen. L. M. 

S. comprimata ? Schloth. M. XJ. 

S. curyata. Schloth. L. M. 

S. cultrijugata. Roem. M. XJ. 

S. disjuncta. Sow. M. XJ. 

8. hysterica. Schloth. L. M. XJ. 

S. Iflsyicosta. Yalen. L. M. XJ. 

S. lineata. Mart. M. XJ. 

8. macronata. Hall. 

8. megaloba. PhilL XJ. 

S. mesomala. Phill. XJ. 

8. newtonensis. Day. K. 

8. obliterata. PhilL XJ. 

8. nuda. Sow. M. 

8. rudis. PhUl. U. 

8. simplex. PhiU. M. 

8. Bpeciosa. Schloth. L. M. 

8. XJrii. Fleming. M. U. C. 

8. Bubouspidata. Schnurr. M. 

8. undifera. Roem. M. 

8. u. yar. undulata. Roem. M. 

Spiriferina cristata. Schloth. L. M. U. C. 

8. msculpta, PhiU. M. C. 

Stringooephalua Burtini. Deflr. M. 

StreptorhynchuB crenistria. PhiU. M. V» C. 

8. gigaa. M'Coy. L. 
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StreptorhynchuB penarmentoras. M'Coy. L. 

8. pucata. Sow. U. ^ 

S. Bemidrcularis. Fhill. U. 

S. umlmumluin. Schloth. L. M. 

Strophalocia productoides. March. U. 

Strophomena rhomboldalis. Wahl. H. U. 

Tereoratola elongata ? Schloth. H. U. 

T. aaoculus. Mart M. U. 

T. juTenis. Sow. M. 

T. newtonenuB. Dav. M. 

Uncites gryphus. Schloth. M. 

Lamktj.tbrawchiata {M<momyaria), 

AyiciUa exarata. Phill. M. 

A. subradiata. Phill. M. U. 

Ayicnlopecten altematus. Phill. U. 

A. araconoideus. Phill. U. 

A. granoBus. Sow. U. 

A. granuloBUB. Phill. U. 

A. nexiHB. Sow. U. 

A. pcNotinoideB. Sow. U. 

A. plicatuB. Sow. H. C. 

A. polytriohuB. Phill. L. U. 

A. rugoauB. Fhill. M. 

A truisyerBUB. Sow. M. U. 

Pterinea aiuBota. Phill. M. U. 

P. canoellata. Phill. U. 

P. radiata. Goldf. M. 

P. reticulata. Phill. M. 17. 

P.rudiB. PhUl. U. 

P. Bpinosa. Phill. L. U. 

P. texturata. Phill. M. 

P. yentricosa. Qoldf. L. U. 

P. subradiata. Sow. M. 

Lamellibbakchtata {Dimyaria), 

Cardiol a retroatriata. Keys. U. 

ClidophoruB OTatuB. Sow. M. XT. 

Conocardium aliforme. Sow. M. U. 0. 

C. minax. Phill. M. 

Corbula HenDahii. Sow. M. 

Cuculliea amygdalina. PhUl. M. U. 0. 

C. anguBta. Bow. 17. 

C. complanata. Phill. U. 

C. depressa. Phill. U. 

G. Hardingii yar. Sow. U. 

C. trajDezium. Sow. U. 

C. unuaterali^. Sow. U. 

Ctenodonta elliptica. Phill. ? U. 

C. KrachtcB. Koem. L. M. 

G. latisBima. PhilL U. 

G.lineata. Phill. M. U. 

G.pUcata. PhiU. U. 

G. pnllaBtriformiB. M'Goy. U. 

C. antiqua. U. 

GurtonotuB unio. Salt 17. 

C. elegana. Salt. U. C. 

GyprioardiaPhiUiiMU? D'Orb. U. 

IJeptodomuB constrictuB. M'Cov. U. 

Megalodon carinatuB. Gold. M. 

M. cucullatuB. Sow. L. M. 

Modiola amygdalina. PhiU. U. 

M. BcalariB. PhiU. M. 

MytiluB damnonienBiB. Phill. M. 

Orthonota BemiBulcata. U. 

Sanguinolaria elliptica. Phill. IT. 

8. Buldita. MiiiiBt. M. U. 

SanguinoliteB oomplanatuB. PhiU. U. 

S. l&atuB. PhUl. U. 

SchizoduB deltoideuB. PhiU. M. U. 

MyalixiA ap. M. 

Oabtbbopoda. 

Acroeulia sigmoldaliB. PhiU. M. 

A. yetuBta. Sow. M. U. C. 

A. triloba PhUl. M. 

EuomphaluB annulatuB. PhiU. M. 

£. circulariB. PhiU. M. 

JS. radiatuB. PhUl. M. 

£. Ber|>eiiB. PhiU. M. U. 

E. lieyiB. Qoldf. M. 

E. planorbia. Yem. M. 0. 

Heiminthodon ap. M. 

Loxonema hennahiana. PhiU. M. 

L. lincta. PhiU. M. 

L. nexUiB. PhiU. M. 

L. proterita. PhiU. M. 

L. reticulata. PhiU. M. 

L. rugifera. PhiU. M. U. 0. 

!», ainuoaa. PhiU. U. 

L. tumida. PhUl. M. U. G. 

MacrocheUuB breyia. Sow. M. 

M. elongatuB. Phill. M. 

M. harpula. Sow. M. 

H. inibricatuB. Sow. M. 

M. neglectuB. PhUL U. 



MacrooheUuB subcostatuB. Schloth. M. 

M. yentricosuB. Goldf. M. 

MurchiBonia angulata. PhiU. M. U. G. 

M. bigranulosa. D'Arch. M. U. 

M. geminata. PhiU. M. XJ. 

M. apinoaa. PhiU. M. G. 

M.tricincta. PhUl. M. 

Katica meridionalis. PhiU. M. U. 

K. nexicoBta. PhiU. U. 

Nerita deformiB. Sow. M. 

Pleorotomaria aBpera. Sow. L. M. U. 

P. cancellata. PhiU. U. 

P. cirriformlB. Sow. M. 

P. expanaa. PhUL 17. G. 

P. pracUiB. PhUL U. 

P. impendenB. Sow. M. 

P. monolifera. PhiU. M. U. -G. 

P. multiq>ira. M. 

ScoUoBtoma textata. PhiU. M. 

TrochuB Boueu. Stein. M. 

Turbo oirriformiB. Sow. M. 

Yermetus antitorauatuB. PhiU. M. U. 

Y. annuloBUB. M. 

KUCLBOBBANCHIATA. 

BeUerophon biaculcatua. Boem. L. M. U. 
B. BtriatuB. Bronn. L. M. 
B. BubglobatuB. M'Goy. U. 
B. Urii. Fleming. U. G. 

B. hiulcuB. Sow. U. G. 

Poroellia Woodwardu. Sow. L. H. U. 
P. Btriata. L. M. 
P. Symmondaii 17. 

FnsaopoDA. 
Gonularia ap. M. 

GSPHALOPODA. 

Clymenia biauleata. MQnat. U. 
G.faaciata. PhUl. U. 
G. Iflsyigata. Miinat. M. U. 
G. Munateri. M'Goy. U. 
G. PattiaonU. M'Coy. 17. 
G. pleuriaepta. FhilL 17. 
G. quadrifera. M'Coy. U. 
CaagittaUa. PhUl. U. 
G. striata. Miinat. M. U. 
G. yalida. PhUl. U. 

C. undulata. Miinat. U. 
Cyrtoceras armatum. PhiU. M. 
C.bdeUaUteB. PhUL L. M. 
G.fimbriatnm. PhiU. M. 

G. mar^vude. PhiU. M. 

G. nautUoideuB. PhilL M. 

G. nodosum. PhUl. M. 

G. obUquatum. PhilL M, 

G. omatum. Goldf. M. 

C. quindecimale. PhiU. M. 

C. reticulatum. PhilL M. 

G. ruaticum. PhiU. M. 

G. Bubomatum. M'Coy. M. 

G. tridecimale. PhiU. M. 

Goniatitea biforuB. PhiU. M. U. 

G. excayatuB. PhiU. M. G. 

G. globoBUB. Munat. M. 

G. unearia. Munst. M. 

G. aerpentinuB. PhiU. M. G. 

G. spirorbis? PhiU. U. G. 

G. Bubaulcatus. Bronn. U. 

G. tranaitioniB. PhilL M. 

G. yinctuB. Sow. Ut 

G. compreasuB ? M. 

KautUuB germanuB. PhUl. M. 

K. ? mega8i|>ho. PhiU. IT. 

Orthoceraa cinctum. Sow. M. U. G. 

0. cylindraoeum. Sow. M. ? 17. G. 

0. cvlindricum. Sow. M. XT. 

0. elUpBoideum. PhiU. M. 

0. ibex. Sow. M. XT. } 

O.imbricatum? WahL XT. 

0. lineolatum. PhilL XT. G. 

Q. ludense ? M. XT. 

CPhUUpBU. D'Orb. U. 

0. Btriatulum. Sow. XT. 

0. tentaculare. PhilL M. XT. 

0. tubioinella. Sow. M. 

0. undulatum. Sow. M. XT. G. 

0. gracUe. L. M. 

0. striatum. Sow. XT. G. 

PoterioceraB fiuiforme. Sow. M. G. 

P18OB8. 
FhyUolepis concentricus. Ag. L. 
Holoptychius. L. XT. 
JchthyodoruUte. L. 
. Fiflh renuuDB. M. 



369 



DIAMOND. 



DIAMOND. 



870 



DIAMOND [E. C. vol. ii. cols. 323, 324]. Under Carbon, 
E. C. S., attention is drawn to the remarkable differences of pro- 
perty met with in the various forms of native carbon, of which 
the oiunond is at once the rarest and most beautiful ; and it is 
there shown that in many cases there is a correlation between the 
intensity of a property and the density of the carbon. The 
object in that article was to trace out the resemblances hidden 
Ander the guise of variety of condition; but in this article 
attention will be given rather to the di£ferential ix>ints. 

Few substances can compare with carbon in being jet black 
and opaque in one condition, and colourless or tinted and trans- 
parent in another. It seems difficult to conceive that graphite 
could be rendered transparent simply by pressing its particles 
closer together, and yet it is known that when the diamond is 
subjected to intense heat, t.e., to intense repulsive force, its 
particles are spaced out more, and it becomes as black and 
opaque as graphite. As no chemical change is effected, there 
seems reason to believe that if the same amount of repulsive 
force was applied as pressure, graphite might be rendered trans- 
parent. This phenomenon is indeed very similar to what is met 
with in water. In the light flocculent form of snow it is an 
opaque white ; but when rendered compact it is colourless, 
transparent, and denser. In this case transparency is super- 
induced by pressure, as in the formation of glacial ice. How- 
ever probable this view mav be, experiments are still wanted to 
show that increase of density will alone suffice to convert gra- 
phite into diamond. The former, in the amorphous state, is 
softer than the finger nail, while the latter is the nardest known 
substance ; the former will conduct electricity almost as well as 
some metals, while the latter is a bad conductor ; the one crys- 
tallises in the monometric systeih, but the other occurs in crystals 
belonging to the hexagonal system. There even appears to be a 
marked cnemical distinction, for although all the forms of carbon 
will combine with oxygen to form carbonic acid, which has the 
same properties in all cases, yet, according to Brodie, graphite is 
peculiar in its behaviour towards certain oxidising agents, such 
as a mixture of nitric and sulphuric acids, or mtric acid and 
chlorate of potassium. Under these circumstances it gives rise 
to a compound which Brodie calls graphitic acid, and represents 
by the formula CjiH^Oo or Qr^H. O^. The symbol Gr stands 
for graphoUf the name assigned to this form of carbon. It is cer- 
tainly remarkable that the same substance (graphite) should 
combine with an atomic weight of 12 under one set of circum- 
stances and of 33 under another set, since the numbers have no 
simple relationship with each other. The differences in the 
specific heats of diamond and graphite are noticed under Carbon, 
E. C. S. Assuming that most of these changes are due to dif- 
ference of density, there would appear to be a great analogy 
between carbon and sulphur. 

There is no connection between the colours of the diamond 
and its density, and, perhaps, the latter is not always connected 
with the blackness of this jewel. For while on the one hand 
Sir D. Brewster states that the blackness is due to a multitude 
of minute cavities, on the other numerous observers have 
discovered that the black specks in some diamonds are due to 
foreign impurities, which are said to have a resemblance to coal ; 
and it has been noticed that the black diamonds of Bahia are 
even harder than the transparent stones. These black diamonds 
are so hard that jewellers are unable to cleave them; but this is 
partly due to their being formed of interblended crvstals. Little 
is known of the cause of the colour in diamonds. The most 
common tint is a brownish or yellowish, and one of the rarest, a 
rose colour. Some facts, brought forward by MM. Halphen in 
1866, seemed to show that a molecular change might convert one 
into the other. Thus they had one diamond which became 
rose-coloured by friction, but the colour was very evanescent. 
They had a second of a yellow tint, which was converted into 
a rose-coloured one by putting it into a fire. In this case the 
colour lasted for 18 days, and then gradually disappeared; 
but it could be revived again by reheating the stone. As a 
phenomenon of a similar kind has long been known in the 
yellow topaz, it has been suggested that this diamond was not 

Sure carbon, but a mixture or combination of that element with 
uoride of aluminium. The only evidence adduced in support 
of this opinion is the similarity of the phenomenon in this 
liamond and in the topaz; but there are several difficulties 
which prevent its acceptance. Thus the rose colour is permanent 
in the topaz, but temporary in the diamond. All topazes 
contain fluoride of aluminium, yet it is only the yellow topaz 
from Brazil which is affected in the manner described; the 
yellow Saxon topaz loses its colour when heated, but regains it 
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when cooled ; and the topazes of other tints are not altered in 
colour. These facts alone would lead us to suspect that the true 
explanation has yet to be sought. When coloured diamonds 
are burnt in oxvgen, they yield a yellow ash, which forms from 
^ to gjg of their weight. This ash gave indications of the 
presence of silica and iron when treated with the blowpipe. The 
iron is probably present as an oxide ; and this, vdih silica, are 
the mam ingredients of the ash of many specimens of graphite 
and of a few specimens of coal. In some cases the ash of the 
diamond has a reddish tint. In the absence of any experiments 
on the subject, it would be presumptuous to say that there is a 
connection between the colour of the diamond and of the ash, 
but that there is a connection between them does not seem to be 
a very improbable supposition ; at any rate, there is apparently 
more to be said in favour of this hypothesis tlum of another 
recently started by De Chancourtois, that these coloura are derived 
from petroleum. They may closely resemble the coloura of pro- 
ducts from coal tar ; but there is the important difference, that 
the coloura of the diamond are indestructible by heat, and in- 
soluble by ether or alcohol, while tiiose formed by the aniline 
compounds will withstand neither heat nor alcohol. There is suf- 
ficient similarity between the coloura of carbon and those of sulphur 
to warrant some allusion to it ; but whether the phenomena are 
due to similar causes is uncertain. Then we have colourless and 
transparent varieties, both of sulphur and carbon ; the ordinary 
colour of the one is yellow, and of the diamond a brownish or 
yellowish tinge; by subjecting it to certain processes, sulphur 
may be rendered wine-red, while certain diamonds are rose- 
coloured, and both have their black modifications. 

Many attempts have been made to produce diamonds by 
artificial means, and many attempts have also been made to 
ascertain how it has been formed oy nature ; but as yet little is 
known as to how the diamond may be formed, either the one 
way or the other. Most of the attempts to obtain it artificially 
have resulted in soot, not diamonds ; but in a few cases micro- 
scopic crystals are said to have been formed. Thus Despretz and 
Lionnet have obtained crystals by the action of a current of 
electricity upon liquids containing carbon, such as sulphide of 
carbon. Despretz's diamonds were black or colourless octa- 
hedrons and platen which entirely disappeared on the applica- 
tion of a moderate heat, in which respect they differ materially 
from native diamonds. Lionnet's gems were also crystals ; but 
as that experimenter says nothing about their properties in the 
notice given by him in the * Comptes Rendus,' voL 63, p. 213, it 
is possiole that his diamonds would also have been dissipated by 
a moderate heat. In the same volume of the work just referred 
to, De Chancourtois suggests that diamonds may be formed in the 
following way : — Submit a very slow current of carburetted 
hydrogen, mixed with aqueous vapour, to a very gentle oxidizing 
agent m a mass of sand containing traces of putrescible matter, 
such as starch. A process very similar to tnis is in operation 
every day near the leaky gas pipes of our streets. The carbu- 
retted hydrogen escapes slowly, and although not mixed with 
aqueous vapour itself yet it may absorb such vapour from the 
moist earth surroimding the pipe ; and this eartn may contain 
putrescible matter, wmch, if it be not starch, is certainly 
carbonaceous. The eminent French mineralogist thinks that 
diamonds, or rather diamond powder, may be found in such 
earth. If any kind of carbon be deposited, we should expect to 
find, not diamonds, but a moist soot, such as is probably the 
colouring ingradient of the black earth found near gas pipes. 

In studying the various opinions which have been given as to 
the mode of formation of natural diamonds, the student soon sees 
that the hypotheses may be classified in two groups, viz., those 
which advocate intense heat as the principal agent, and those 
which rely mostly upon water and a moderate temperature. 
The diamond, then, like so many other subjects in mmeralogy 
and geology, is a bone of contention between the Neptunists and 
Plutonists. The one party, which we may represent by Bischo^ 
says : — " Now, since the occurrence of the diamond speaks 
only in favour ot the formation by aqueous agency, every 
hypothesis as to its igneous origin must oe rejected as totally 
unfoimded." The other parbr, which we would represent by 
Brewster, who says, after rererrin^ to the pressure cavities in 
diamonds : — " Such a structure is impossible in crystals formed 
by aqueous deposition, and hence there is not a single pressure 
cavity in any of them." So far as we have examined the 
evidence on both sides, these facts do not seem to warrant either 
the assertion that it is impossible for any crystal with pressure 
cavities to have been formed from an aqueous solution, or that 
every hypothesis advocating the igneous origin of the diamond ia 
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totally unfounded. We think there is something to be said on 
both sides, but we would forewarn the leader that our own 
opinion is decidedly in favour of the view that diamonds have 
been formed at a moderate temperature, and that water has 
played an essential part in the process. 

Brewster's argument in favour of the igneous origin of the 
diamond is based mainly upon the hollows or pressure cavities 
found in it. Almost every diamond, when exammed by polarised 
light and under a high magnifying power, shows minute black 
specks surrounded by four (^uam^mts or sectors of polarised light. 
Thus the Koh-i-Noor contams three such specks, barely visible 
to the naked eye, while the pendants connected with it have 
several. Of fifty diamonds examined by Brewster nearly all 
contained one or more cavities of singular shapes, somewhat like 
insects, and invariably surrounded by luminous sectors. They 
are irregularly scattered through the stone, but are frequently 
arranged in planes, which planes, however, are said to have no 
relation to those of the crystal. Sir D. Brewster hence infers 
that a gas occupies or has occupied the cavities, and has, by its 
expansion, compressed the substance of the diamond so as to 
render it moi-e aense in the "vicinity of such cavities than in the 
more distant parts, and thereby capable of depolarising light. 
This phenomenon may be seen in almost any homogeneous sub- 
stance which has been subjected to unequal pressure. For ex- 
ample, ordinary glass is homogeneous, ana proouces no effect upon 
polarised light ; but if such glass be compressed when soft, or be 
unannealed, or be rendered in any way of unequal tension, it 
gives rise to luminous sectors similar to those seen in the dia- 
mond. In the ^lass the compressing force is applied to the mass 
as a whole, but in the diamond the compressing force has been 
exerted from the cavities outwards, and all its strength has been 
spent upon the surrounding material ; but it has not been 
sufficient to burst the stone so as to allow of the escape of the 
gas. As there is no perceptible fissure in diamond, it is con- 
cluded the gas is still contained in the cavities. If so, one of 
four positions must be true : — 1. The tension of the gas in the 
cavities is now sufficient to condense the diamond. 2. If not, 
then some cause was formerly in operation which increased the 
tension of the gas up to the point at which it could do so. 3. If 
there was no increase of tension the diamond must have been 
softer or more plastic than it is now. Or 4. There has been an 
increase both of tension in the gas and of plasticity in the 
diamond. The first position may be safely regarded as un- 
tenable, so that three are left to choose from. Of these the 
third is, we think, the most in accordance with known facts ; 
but there is also much in favour of the fourth. These two 
positions may be exemplified, the one by amber, which contains 
cavities and luminous sectors like the diamond, and the other by 
the following experiment made by Sir D. Brewster. He com- 
pressed a solution of gum arabic between two plates of glass, so as 
to enclose a few bubbles of air. On heating the arrangement the 
air compressed the circumjacent gum and gave it that variation 
of density which produces four luminous sectors in polarised 
light. Tnat the diamond was at one time softer than it is now 
is abundantly manifested, but how much softer is a matter for 
consideration. Bischof refers to a diamond in the museum of 
Rio de Janeiro, on whose faces are impressions of quartz grains. 
Goeppert refers to another in the treasury of the Emperor of 
Brazil, which has similar impressions ; and states he has seen 
five others presenting the same phenomenon, one being a black 
diamond. The " Star of the South,'* before it was cut, had a 
deep hollow on one of its faces, in which was the impression of 
an octahedral crystal. The surface of the impression showed 
octahedral striae, indicating that the impression was probably 
made by a diamond. Other faces of the same stone had hollows 
with impressions of striae, such as may have been made by groups 
of diamonds. As isolated facts, these tell nothing as to the 
hardness ; but they are of some importance when taken in con- 
nection with the existence of sulphide of iron in the diamond, as 
stated by Von Hartwig, probably of titaniferous iron, as stated by 
Dufresnoy, and of the pressure cavities described by Brewster. No 
heat that man can command has yet softened the diamond when 
under moderate pressure without destroying its crystalline form ; 
and if it be supposed that it might be softened when under 
great pressure dv the same heat, we should expect that the 
pressure exerted by the gas in its cavities would have spread its 
effects over much larger spaces than appears to be the case. The 
presence of the quartz grains seems to indicate that the tempera- 
ture at which the diamond crystallised was below that at imich 
quartz may remain solid. Under ordinary atmospheric pressures 
quartz is jcnown to be melted, and even volatifised by a heat 



which has little or no effect upon the diamond ; and there is no 
reason to believe that great pressure would render the diamond 
more fusible than silica. But if steam accompany the heat 
there is a still greater difficulty in believing that the diamond 
would crystallise in the presence of solid silica, seeing how 
readily that compound is dissolved by steam. On the whole, 
then, it seems more probable that the phenomena above noticed 
are due to the action of a gas at low tension, and of moderate 
temperature upon a soft substance, rather than to that of a gas at 
high tension and temperature upon a hard substance ; and that 
the impressions were made upon the diamond itself by the quartz 
and octahedral crystals, rather than that they were formed in 
the diamond during the process of crystallisation. 

Favre has suggested that the diamond has ori^ated from the 
vapours of chlonde of carbon. He notices that it is always con- 
tained in rocks of a similar nature. Thus in Brazil it occurs in 
a micaceous sandstone ^itacolumite) when in situ, but in an 
angular or rolled gravel composed partly of itacolumite and 
partly of other rocks when not in its original place of forma- 
tion ; and in the Ural Mountains, the East Indies^ &c., it is 
associated with similar rocks. But he attaches most importance 
to the minerals which are found in these rocks, and sometimes in 
close connection with the diamond. These are 39 in number. 



VIZ. : — 



Rutile. 

Kyanlte. 

Tourmaline. 

Schorl. 

Cinnabar. 

Tellurium. 

Copper. 

Platinum. 

Gold. 

Marcasite. 

Copper pyrites. 

Cerusite. 

Chromiron. 

Iserine. 

Phormacosidcrite. 

Sphene. 

Talc. 

Orthoclase. 

Diaspore. 



Iron pyrites. 

Bismuthito. 

Galena. 

Anatase. 

Hornblende. 

Diallage. 

The maneaneses {} p]rrolusite 

and psuomelane). 
Heematite. 
Quartz. 
Garnet. 
Zircon. 
Ruby. 
Dolomite. 
Ferriferous carbonate of lime 

(? Broasite). 
Magnetite. 
Corundum. 
Topaz. 
Hydronhosphate of alumina 

and lime. 
Hydrophosphate of yttria 

(Castclnaudite). 
Silicate of yttria. 

Of these 32 have been produced artificially, and 30 have been 
obtained from their chlorides, which in the majority of cases 
were in the vaporous state. Commenting on this he says, 
"Thus of the 34 minerals [the number Imown to him when 
writing the body of his paper] 4 give no evidence either way, 
not having been produced artificially ; 24 have been produced 
from volatile chlorides ; 5 from chlorides in solution ; and 1 
from a compound not formed with chlorine. Do not these facts 
indicate the way in which the diamond has been formed in the 
earth ? Notwithstanding the recent experiments by Deville, do 
they not show that the chloride of carbon is the combination by 
whose aid we ought to attempt to produce this stone?" 

De Chancourtois is of opinion that diamond and graphite have 
been formed from carburetted hydrogen and the vapours of 
hydrocarbons, in the same way as sulphur is deposited from sul- 
phuretted hydrogen. As in the latter case the hydrogen of the 
gas is oxidized, together with a portion of the sulphur, while the 
remainder is deposited in the free state ; so in the former the 
hydrogen is oxidized, a portion of the carbon goes to the forma- 
tion of carbonic acid, while the remainder crystallizes as dia- 
mond and graphite. The places where this vapour escaped and 
carbon was deposited he proposes to call carbonataras, which he 
supposes had more or less resemblance to the solfataras of the 
present day. If such is the way in which Nature has formed 
diamonds, why are they not far more abundant, seeing how 
numerous and wide spread are exhalations of carburetted hydro- 
gen ? In all probability these exhalations have been equally 
abundant in past time. Diamonds, on the other hand, are very 
rare, and confined to the oldest rocks of a particular character. 

Nearly all the larger diamonds have been found in East India, 
but in 1853 a large specimen of remarkable limpidity was dis- 
covered in the Bogagem mines of BraziL It has been named 
the Star of the South. It weighed originally 52*275 grammes, 
but in cutting it was reduced to 125 carats, so that it was some- 
what heavier than the Koh-i-Noor, which weighs 103J carats. 
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Ita form before catting was that of a rliomboidal dodecahedron 
having a very obtuee bevelled edge on each of its faces. Its 
sp. gr. is 3-529 at 15° C. 

In the Cyclopaedia article the Koh-i-Noor is said to have been 
found in the mine of Colonne in 1550, and to be identical with 
the great Mogul diamond mentioned by Tavemier. We do not 
know who is the authority for the date and place of discovery ; 
the statement is made by Dana, but is doubtless erroneous. The 
actual known information respecting this jewel is far less precise. 
According to Indian tradition the Koh-i-Noor may be traced 
back to the time of Bikramidtya, who flourished about 56 years 
before the Christian era. Disr^aidin^ tradition, however, the 
first distinct mention of a large diamond is by Baber, the founder 
of the Mogul or Tartar dynasty, who states that when his son 
Humaiun captured Agra in 1526 a diamond estimated to weigh 
320 ratis was amongst the spoiL This stone, he says, was taken 
by Ala-ed-deen in 1304 during the conquest of Madwa. Taver- 
nier saw the precious stones in the Mogul's possession, and gives 
a description of the largest, the weight of which he estimated at 
319^ ratis = 252 carats. He also gave a figure, but as his figure 
and description do not correspond, there appear to be some 
doubts whether both refer to the same stone or not. The de- 
scription, however, of the stone he saw clearly shows this was 
the same as that now called the Koh-i-Noor ; while the figure 
given by him as that of the Koh-i-Noor mav belong to another 
stone which then went by that name. Assuming then the 
Mogul diamond to be the same as the modem Koh-i-Noor. its 
history may be readily traced. For a time it remained at Delhi ; 
it then passed into the hands of Nadir Shah, who took it with 
him to khorasan ; after him Shah Rokh had it ; then Ahmed 
Shah ; then Shah Soujah, who was obliged to give it up to 
Runieet the Lion, as already noticed in the Cyclopsodia article. 

The Koh-i-Noor, by which we mean the stone so called now, 
appears to have been part of a laiger diamond before the time of 
Baoer. Thus Tavermer states it was originally part of a dia- 
mond weighing 787^ carats. Its weight does not seem to have 
been dimimshed from the time of Baber to that of Tavemier. The 
next statement we have as to its weight refers to the time when 
it reached England, it being then 186 carats. After it was cut 
by the Messrs. Qarrard it weighed, as already stated, 103^ carats. 
F^fessor Tennant is of opinion that the original form of this 
diamond was a rhombic dodecahedron, and tnat in its present 
state it is about a third of its original size. In his lecture on 
the precious stones in the Great Exhibition of 1851, delivered 
before the Society of Arts, March 24, 1852, he thus expresses 
himself on this pomt : — " If we give Tavemier credit as to the 
original weight of the stone, we may indulge in a very reasonable 
supposition that two other remarkable existing diamonds once 
formed part of it. Dr. Beke, in a paper read before the British 
Association at Ipswich, in 1851, says, * At the capture of Coochan 
(about 1832^ there was found among the jewels of the harem of 
Heeza Kooh Elhan, the chief of that place, a large diamond slab 
supposed to have been cut [broken ?] Irom one side of the Koh-i- 
Noor. It weighed about 130 carats, showed the marks of cutting 
on the flat and largest side, and appeared to correspond in size 
with the Koh-i-Noor.' Another diamond which singularly cor- 
responds with the Koh-i-Noor is the Great Russian diamond ; 
ana it is not improbable that thev all formed one diamond, and 
that, when united, they would, allowing for the detachment of 
several smaller pieces in the process of cleaving, make up the 
weight described by Tavemier." 

(Watts, Dictionary of Chemistry^ arts. Carbon and Diamond ; 
Williamson, Chemistry for Students^ par. 61 ; Chancourtois, Ame- 
rican Journal of Science, second series, vol xlii. p. 271 ; Hal' 
phen, Gomptes KenduSy vol. Ixii p. 1407 ; Geoppwt, Leonhard 
nnd Geimt^s Nenes Jahrhttch fur Mineralogie, p. 198 (1864) ; 
Brewster, Trans, Roy. Soc Ed, xxiiL pp. 39 — 44; Dufresnoy, 
Gomptes Rendus, xl. p. 3 ; Maskelyne, Proc, Ashmolean Society 
for 1855 ; Chancourtois, Gomptes Kendus, bdii. p. 22 ; Lionnet, 
Gomptes Rendtuf, IxiiL p. 213 ; Pavre, Biblioth^que Universelle for 
1856 ; Tennant, Journal of Society of Arts for 1852, &c) 

DILUVIAL FORMATION [E. C. voL ii coL 343]. A term 
rarely used by geologists. The deposits which were grouped 
under it are now assigned to the poet-pliocene period. Tne phe- 
nomena which were at one time regarded as proofs of enormoiis 
floods of water are now attributed to various agencies, as indi- 
cated under Post-Pliocbnb Period, E. C. S. 

DODO [E. C. voL ii cols. 365—373]. When Mr. Broderip, 
about thirty years ago, drew up his elaborate report on the 
knowledge then extant respecting the Dididcs, he grouped his 
remarks in three divisiooB. The first treated of the facts re- 



ported in books, the second dealt with those derived from the 
remains of the birds themselves, while the third contained the 
views proposed respecting the zoological afiinities of the dodo. 
In 1848 Strickland and Melville adopted the same arrangement, 
and on the present occasion we propose to follow their example 
with respect to the few remarks we have to make. In the ac- 
counts referred to, the historical and pictorial evidence was farmore 
lengthy than the direct ; but now the bones belonging to this 
group of birds are becoming abundant, and precise information 
as to the csseous system of more than one species is available. 

The first reliable mention of the dodo of Mauritius {Didus 
ineptus) is that by Van Neck ; since it appears that the island 
which Vasco di Gama discovered was visible from the African 
coast, and that the birds which were called solitaires were pen- 
guins. The Dutch voyager to which Clusius refers in col. 366 is 
J. Van Neck, but the figure is taken from an edition of Neck's 
Voyages which does not appear to be known in this country. 
One of the persons who sailed in the fleet of Heemskerk and 
Harmansz (coL 367), Willem van West Zanen by name, left 
a journal which was published in 1648, under the editorship 
of Soeteboom. In this journal the dodo is mentioned, and, as his 
account is not given in E. C, we append it, as translated in 
Strickland and Melville's work. " The birds, of which tliis 
island [viz., Mauritius] is full, are of all kinds ; doves, parrots, 
Indian crows, sparrows, hawks, thrushes, owls [?], swallows, and 
many small biras ; white and black herons, geese, ducks, dodos, 
tortoises and sea-cows. The sailors were out every day to hunt 
for birds and other game, such as they could find on the land, 
while they became less active with their nets, hooks, and other 
fishing tackle. No quadrupeds occur there except cats, though 
our countrymen have subseouently introduced goats and swine. 
The herons were less tame than the other birds, and were diffi- 
cult to procure, owing to their flying amongst the thick branches 
of the t^es. They also caught birds which some have named 
Dod'Oarsen, others Dronten; when Jacob van Neck was here 
these birds were called WaUecK-Vogels, because even a long boil- 
ing would scarcely make them tender, but they remained tough 
and hard, with the exception of the breast and beUy, which 
were verjr good ; and also, because from the abundance of turtle- 
doves which the men procured, they became disgusted with the 
dodos. The figure of these birds is given in the accompanying 
plate ; they have great heads, with hoods thereon ; they are 
without wings or tails, and have only little winglets on their 
sides, and four or five feathers, more elevated than the rest. 
They have beaks and feet, and commonly in the stomach a stone 
the size of the fist." (Which description Strickland believes is 
taken from Matelief ). ..." Tne dodos, with their round 
stems (for they were well fattened), were also obliged to turn 
tail; everything that could move was in a bustle; the fish, 
which lived in peace for many a year, were pursued into the 
deepest water pools. ... On the 25th July, Willem and 
his sailors brought some dodos, which were very fat ; the whole 
crew made an ample meal from three or four of them, and a 
portion remained over. . . . They sent on board smoked 
nsh, salted dodos, land-tortoises, and other game, which supply 
was very acceptable. They were busy for some days bringmg 

Provisions to the ship. On the 4th of August, Willem's men 
rought 50 large biros on board the Bruyn Vis ; among them 
were 24 or 25 dodos, so large and heavy tnat they could not eat 
any two of them for dinner, and all that remained over was 
salted. Another day, Hogeveen (Willem's supercargo) set out 
from the tent with four seamen, provided with sticks, nets, 
muskets, and other necessaries for hunting. They climbed up 
mountain and hill, roamed throughout forest and valley, and 
during the three days they were out they captured another half 
hund^d of birds, including a matter of 20 dodos, all which they 
brought on board and aalted. Thus were they, and the otiber 
crewB in the fleet, occupied in fowling and fishing." This is the 
earliest voyage in which the terms Dodaars and Dronte are 
applied to the dodo; but it is poflsible they may have been 
added by Soeteboom. The earliest book in which the first 
term is used is that by Verhuffen^ubliahed in 1613, where it 
occurs in the form of Totersten, Tne passage from Herbert in 
col. 367 is from the edition of his ' Travels' wnich was published 
in 1638. which differs materially in orthography, though not in 
sense, from that of 1634. In a diaiy of P. Crossfiel<J^ a fellow 
of Oxford Universitv, extending from 1626 to 1640, mention is 
made of a dodar (a olack Indian bird) which was given by Mr. 
Gosling to the AnatomySchoolin 1634. It is^hence, supposed there 
were formerly remnants of two dodos in the museum at Oxford. 
There are a few additions to the pictorial evidence. The Doke 
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of Northiunberlaiid poBflf 
matic aignatureB of Ooim 
whicli the ridge at the bane of the bill is renlarlcablj well shown. 
Mention may alao be made of the figure in Holme's ' Academy of 
Anuomyand Blazon,' 1688, which represente a dodo as the heraldic 
device of a family named Dronte. There ia also a painting 
of a dodo ia Carisbrook castle which is remarkable for its 
pure white colour, whereas Didvt inepha is always represented as 
being of a dnu or deer colour; and it is conjectured that this 
may repieeent the species which frequented Bom'bon. In a rare 
edition of 'Bontekoe's Voyage' there is another figure of a dodo 
distinct from any previously mentioned, which he eaya lived in 
Bourbon, while Strickland suggests that this ia a mistake, and 
that the figure ia reaUy that of the Mauritius dodo. Newton, 
however, points out several points in which Bontekoe's figure 
differs from those given of the Mauritius bird, and thinks Bon- 
tekoe^B statement is correct 

In 186S, Mr. Clark, a schoolmaster in Mauritius, reaped the 
fruits of a loQK search for dodo remains. He had explored many 
localities, and had become impressed with the marked traces 



and next the femurs. The itemums were fewer etiU, but less so 
than the humeri, coracoids, and scapulLe. The vertebra were very 
abundant, but the crania were rare, owing, as is imagined, to the 
facilities which their sutures and cavities afforded for the dis- 
uniting action of growing roots. The bones appeared to belong 
'- — - species, but presented two different sizes, due, as ia 
id, to sexual peculiarities. Some of the bones had a 
. .'kably black appearance, due to the action of the trunks of 
ebony trees. From the vegetable remains found, as well as 
historical and traditionary evidence, it is known that this marsh, 
and ntany other parts which ate now utterly destitute of trees, 
were formerly covered with wide spreading luxuriant forests. 
The old inhabitants state that these forests supplied fruit all the 
year round. Lai^e quantities of these bones nave been sent to 
Europe, from which a complete, or nearly complete, skeleton has 
been set up in the British Museum, and of which we give a 
reduced copy taken from Professor Owen's Memoir m the 
' Transactions of the Zoological Society for 1867.' Several more 
or less perfect sets have been forwarded to other museums, both 
public and private. Professor Owen's figure, we should mention, 




of denudation which the island presented, due in part to the 
general looseness of the superficial soil, and in part to the 
deluging action of the rains. Hence he resolved to confine his 
researches where the accumulations of recent fluviatile detritus 
were greatest His first thought then was to dredge some of the 
deltas, but it afterwards occurred to him that a marshy tract near 
Mahebourff, known as the Arum Marsh, or ' Mare aux Songes,' 
from which bones of deer, turtle^ and birds had been obtained, 
would be worth examining. He employed some men to feel 
with their feet in the mud where the water was deepest, or about 
a yard. They soon came upou several leg bones which belonged 
to the dodo, and subsequent researches brought to light hundreds 
of osseous remains belon^g to every part of the skeleton. 
Most of them were found in the lowest part of the marsh ; were 
more or less rolled, and aeldom associated with turtle bones. 
Those found at a higher part of the marsh were geuendly less 
rolled. None of them exhibited any signs that the birds had 
been killed or eaten either by man or b^ts. ITie most 
abundant boneswere the tarso-metatarsi; next the tibiraand pelves; 



ia the some size as that by Roland in the Britifi]i Museum 
picture, which is said to be of life size. The outline ia a correct 
tracing of that figure ; and the bones repiesent the actual size of 
those eent to the British Museum by Clark, fmm which it will 
be seen how accurately they fit the body which Eoland painted. 
The small figure is Didtmculm itrigiroitrit, a near ally of the dodo. 
The examination of the dodo bones by Professor Owen and 
Milne-Edwards points to a conclusion very similar to that 
arrived at by Messrs. Reinhardt, Strickland, Melville, Bonaparte, 
and others, viz., that thia species belongs to the order Colwnhm, 
of which type it is an extreme modification. But while some 
authorities would place it amongst the Columhida, the general 
feeling seems to be that it represents a group of similar value to 
the one just mentioned, and closely allied to it, which bears the 
name DtdidiB, Professor Owen's memoir describes all the bones 
in detail, enters into elaborate discussions as to the bearing of 
the osseous structure on its true aSinities, and speculates upon 
the caosea which have concurred in producing so lemarkable a 
bird. He considers that the chief cnaracters by which it differs 
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from ])igeon8 generally, are the reflex actions of the surronnding 
conditions ; and that tne extinction of the species was due to 
the abrupt disturbance of those conditions. And although it 
may present analogies with immature birds, he decidedly opposes 
the views enimciated by Mr. Strickland as to the cause oi the 
extinction of the dodo. At least, this is the impression we 
gather from the tone of his remarks ; but, as seems to us, the 
two authorities are really in accord. Thus, Professor Owen says 
the bird was annihilated because of its dejB;enerate or imperfect 
structure; while Strickland cautions naturalists against attributing 
'* anything like imperfection to these anomadous organisms, 
however deficient they ma^ be in those complicated structures 
which we so much admire in other creatures. As thus stated, 
their views certainly do not seem to coincide, but they agree, we 
believe, when their ideas of what fvrftciifm means is considered. 
According to Strickland, it consists not in the number or com- 
plication of the organs, but in the adaptation of the structure to 
the external circumstances under which each creature is destined 
to live. On this view the structure and circumstances are co- 
adapted one to the other ; but if the circumstances alter, so as to 
be no longer suitable to the species, the bird must either become 
modified or extinguished. In short, the extinction is due to the 
oi^ganism not being adapted to the circumstances, or in other 
words, the species is not perfect so far as the new conditions are 
concerned. Both authors appear to agree that no imperfect 
animal can thrive. 

The views of Professor Owen may be more precisely {gathered 
from what he says in one place respecting the brain, after 
drawing especial attention to its minute size and to the great deve- 
lopment of^ cancellated structure in the cranium, rivalling that 
in the elephant's skull. This extreme development of cancellous 
structure seems to be intended not so much for the protection of 
the brain as for the acquirement of an extensive surface to which 
the powerful muscles reauired for the heavy-weighted head could 
be attached. '^ The cereorum of the dodo does not greatly, and 
by no means proportionally, exceed the size of that part of the 
brain in the Crown Pigeon (G^m). If the great ground-dove 
of the Mauritius gradually gained bulk in the long course of 
successive generations in that uninhabited thickly-wooded is- 
land, and exempt from the attacks of any enemy, with food 
enough scattered over the ground, ceased to exert the wings to 
raise the heavy trunk ; then, on Lamarck's principle, the disused 
members would atrophv, while the hind limbs, through the 
increased exercise by nabitual motion on hmd, with increasing 
weight to support, would hypertrophy. In the long course 3i 
generations suoject to this slow rate of change there would be 
nothing in the contemporaneous condition of the Mauritian 
fauna to alarm or in any way to put the dodo to its wits ; being, 
like other pigeons, monogamous, the excitement even of a sea- 
sonal or prenuptial combat, might, as in them, be wanting. We 
may welt suppose the birds to go on feeding and breeding in a 
lazy, stupid fashion, without ciul or stimulus to any growth of 
cerebrum proportionate to the gradually accruing increment of 
the bulk of the body. Whatever part of the brain was concerned 
in regulating or controlling muscular action might, indeed, be 
expected to show some concurrent rate of increase with the 
crowine mass of the voluntary contractile fibres ; and the cere- 
bellar division of the cranial cavity accords with the generally 
accepted physiology of the superincumbent mass of the epen- 
cephalon. The lateral depression of the fore and under part of 
the side of the post-cerebral division of the cranial cavity 
indicates that the optic lobes, like the eyes, remained almo^ 
stationary during the progressive acquisition of the bulk that 
distinguishes the dodo from the largest existing doves. The 
proportions of PiiiM, Pezophaps, Casuaritu, Bhea^ Dromaiuty 
Struthio, ApiomiSf CnemiomiSj PcUapteryx, j^fyomit, Dm- 
&mii, &c, among terrestrial birds ; of Notomu among the 
lake-haunting coots ; and of Aptenodvtes and Alca vmpennis 
among sea-birds, point to the disuse of wings in flight as the 
main condition ol increase in size of species of birds, the next 
condition being the absence of lethal enemies during the years 
requisite for such course and rate of growth. Let foes arise from 
whom a power of flight is the main condition of escape, and the 
wingless giants of the feathered race soon succumb. Among the 
genera bSoyq cited, Aptamis, OMmiamU, AHpyamis, Palapteryx^ 
IHnomUf Didut, and Pezophavs, with the largest of the auks, 
have thus passed away; while Notcmit and Apteryz are on 
the verge of extinction, through the rapid increase of population 
in the small island to which they are restricted. In sparsely 
peopled continents, such as Africa, South America, and Aus- 
tralia, brevipennate giants may still range the desertSi pampas 



and unfrequented wilds. The ascertained recent advent of man 
in New Zealand, New Britain, Ceram, Banda, Salwattie, Mauri- 
tius, and Rodriguez, significantly points to the conditions under 
which have come to pass, in lapse of time, so strange an anomaly 
as a bird with the specially modified instruments of flight 
reduced below the power of exerting that mode of locomotion, 
yet, as a bird, retaining the conditions of the respiratory and 
tegumentary systems of the volant class, of which it has become 
a degenerate member. With the cessation of the chief of these 
conditions, viz., the absence of enemies, such birds necessarily 
perish." 

Milne-Edwards remarks that the dodo is more like the pig^eon 
than any other recent group ; and he recognises three pnncipal 
types, VIZ., those which are adapted for powerful flight, those which 
are more suited for terrestrial habits, and those which partake 
strongly of a gallinaceous character: the last is formed by 
Syrrhaptes and Oanga, As the dodo is a ground frequenter, he 
considers that, were it a pigeon, it ou^ht to differ from the 
strong-flving species in the same direction as, but to a greater 
extent than, the ground pigeon ; but as the dodo really differs 
from them by characters of a distinct kind, he is of opimon that 
the dodo belongs to a non-columbine type. The pelvis has very 
remarkable features, and differs widely, as pointed out by Milne- 
Edwards, from the same part in the birds of Pi^y* The author 
also shows how the other bones are markedly distinguishable 
from those of the StruthumidtB and Accipitrei, and that although 
they approximate to those of the columbine group, yet that they 
constitute a special type bv themselves. We are unable to 
enter into anatomical details, for which we must refer the 
reader to the investigations of Owen and Milne-Edwards. 

A second species ofdidine bird formerly lived in Rodriguez. It 
is usually considered to be generically distinct from the dodo, and 
is known as Pezophaps iolitaria. Great additions have also been 
made to our knowledge of the osteolo^ of this bird. In 1865 a 
collection of its bones were transmitted to England by Mr. 
Jenner, which he had obtained from the caves at Rodnguez. 
They appear to represent sixteen or seventeen individuads, and 
are of two sizes. At one time it was supposed that the larger 
bones belonged to a distinct species from the smaller, and were 
assigned to Didtu nazarmus; but as the corresponding bones 
resemble each other in everything but size, it is concluded that 
the larger belong to the male of Pezaphapa solitaria. Professor 
Newton refers to other species in which the sexes are unequal 
in dimensions, such as Tetr<w urogallus and Otu tarda, and 
shows how the inequalitv is associated with the peculiar marital 
habits of these bims [Black Cook, E. C. and Capercailzie, 
E. C.]. He thinks that, like them, the Pezophaps were polyga- 
mous, and that the males fought with each otner for the females. 
The strong pectoral muscles and Leguaf s description of their 
habits seem to support this view. The knob mentioned by 
Leguat has been found attached to several metacarpal bones. 

A third species possibly occurred in Bourbon. In 1613 
Castleton visited this island^ and one of his officers, J. Tatton, 
mentions a very fett, short-winged bird, which was unable to fly, 
and which was of a white colour. Carre visited Bourbon m 
] 668, and refers to a large bird, called the Solitaire, from its love 
for solitude, whose colour was changeable, verging upon yellow. 
The variance between Tatton and Carre as to colour may be due 
to vagueness of expression, and not to any radical difference. 
Du Bois also refers to the Solitaire of Bouroon as being white. 
We have already mentioned Bontekoe's statement respecting a 
dodo in Bourbon, and to the picture of a white dodo in Cans- 
brook Castle, both of which may belong to the present supposed 
species. Bontekoe's figure may also be intended for the same 
bird, although he assigns it to Mauritius. Newton notices that 
the bird represented in the Carisbrook Castle picture has had its 
beak trimmed or coped, which would imply that it was kept in 
confinement The inside of the mouth is red, the eye is sur- 
rounded by a red ring, which may be intended for the iris. In 
Didus ineptus the iris is always coloured yellow. It is further to 
be remarked that in the Bourbon bird the fiorst four primaries 
are directed downwards and forwards, while those of the dodo 
are delineated with a backward direction. 

^Clark, O., Ibit, new series, vol. ii. pp. 141, 222; An, des 
Sciences NaturelUe [3], voL vi. p. 19 ; Newton, A.. Proceedings of 
the Zoological Society for 1860 and 1865 ; Brit, Ass, Reports for 
1866, 1867, 1868; Strickland, An. Nat Hist,, second series, vol. 
iii. pp. 136, 259 ; Broderip, Proc, Zool, Soc,, P&rt xxL p. 54 ; 
Owen, R., Trans, ZooL Soe, voL vi.; Milne-Edwards, An, des 
Sciences NaturelUs^ 5th series, voL v. pp. 355-380 ; Newton, Trans. 
Zook 8oc YoL vi p. 373.) 
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ELEPHANT [E. C. voL ii. cols. 501—619]. The genus 
EUphas is now the meagre representative of the order 
Prohoscidia, the members of wmch order have formed so con- 
spicuous a feature in the fauna of Europe from the miocene 
days to the advent of man. There are two well recognised living 
species of elephant, namely, Elephas indicuSf and E, afri- 
canus; but in 1834 Hodgson suggested that the elephant of 
Ceylon represented a third species. This opinion has since been 
supported by ScUegel, who has applied the name E. sumcUranus 
to the species inhabiting Sumatra and Ceylon. It is said to 
differ from the Indian species in having a more slender build, a 
longer and less robust trunk, and a more bristly, bushy taiL 
It is more intelligent and docile. Professor Schlegel originally 
leferred to certain differences in the osseous system, which he 
has since withdrawn as unimportant ; such as the greater brevity 
and narrowness of the free part of the intermaxillaries, the 
narrower nasal aperture and interorbital space, the creater width 
of the back-part of the cranium, and the intermecLLate form of 
the skull as compared with those of the African and Indian 
species. The molar teeth possess fewer and broader lamellaa 
tnan those of the Indian elephant, but the enamel does not wear 
down into rhomb-shaped disks as in the African form. It has 
20 ribs ; the Indian elephant is said to have 19, and the African 
21. The caudal vertebrae are 33 in number, or the same as in 
the Indian species ; the African elephant has 26. 

Dr. Falconer has endeavoured to show that none of these 
characters can be relied on as a proof of the distinction of 
species. Many of the differences, such as slight modifications in 
the proportions of the body and the trunk, and in the bushiness 
of tne tail, are simply individual or family peculiarities. At 
anv rate, differences of this character occur equally amongst the 
African or Indian elephants. Amongst Ceylonese elephants it 
has been observed that the individuals of each herd have such a 
similarity of feature and appearance as to imply that all are of 
the same parentage. Thus Sir Emerson Tennent observes that 
"in a herd of twenty-one elephants captured in 1844, the tnmk 
of each individual presented the same peculiar formation — long, 
and almost of uniform breadth througnout, instead of tapering 
gradually from the root to the nostril. In another instance, the 
eyes of thirty-five taken in one corral were of the same colour in 
each. The same slope of the back, the same form of the forehead, 
is to be detected in the majority of the same group." As 
reo^ards the form of the cranium, Dr. Falconer points out that 
there must necessarily be slight differences in the degree of 
development of the intermaxillary bones in order to conform 
to the varied dimensions of the tusks. He mentions two skulls, 
the one belonging to an elephant from Ceylon, the other to an 
individual from Meerut, a locality near tne extreme northern 
range of the Indian species, and states that they agree in general 
form and proportions as well as in the details of the p3rramidal 
summit, long concave frontal plateau, inial fossa, occipital bones, 
nasal aperture, position of the orbits, form and connexions of the 
lachrymary, length of incisive sheaths, &c. On the other 
hand, when the crania of two well determined species are 
placed together they present marked differences of form, and 
numerous distinctive features in the component parts. Professor 
Schlegel does not precisely state what number of ridges occur 
in the teeth of tne Sumatran elephant, but the materials 
accessible to Dr. Falconer did not point to any important 
difference from the Indian elephant The width of the bands, 
taken alone, is not a trustwortny character, since it varies with 
the kind of tooth, the age, and sex of the animal, the degree of 
abrasion, &c. Dr. Falconer notices one skull of which the 
penultimate tooth might pass as a typical illustration of E, 
swmatranus, while the last has all the features of E. indicus. 
Moreover the elephants of the Azufgur swamp, at the foot of 
the Himalayas, have disks of wear such as Schlegel considers 
to be special to the Sumatran elephant. Dr. Falconer questions 
the accuracy of the premises upon which Schlegel based his 
inference that the ereater the number of laminae in the teeth 
the fewer ribs and dorsal vertebrae did the species have. There 
appear to be slight variations in the number of ribs possessed 
by each species. An elephant from Congo which lived for some 
time in the Versailles menagerie, and whose skeleton was placed 
Boon after the animal s death in the Museum at Fails, had 20 



dorsal vertebrae and 2()pairs of ribs. There is the skeleton of a 
young adult from the Cape of Good Hope in the British Museum 
in which there are 20 dorsal vertel^rae and 20 pairs of ribs. 
Another specimen, from South Africa, is in the Museum at Saffron 
Walden ; out this had 21 dorsal vertebrae and 21 pairs of ribs ; 
the rest of the skeleton, however, as well as the teeth, agreed 
exactly with the corresponding parts in the British Museum 
skeleton. Many, perhaps most, of the known skeletons of Indian 
elephants have 19 dorsal vertebrae and 19 pairs of ribs ; but one 
specimen, viz., that in the College of Surgeons, which once 
belonged to Chunee, has 20 dorsal vertebrae and 20 pairs of ribs, 
according to Dr. Falconer. He states tluit '^ the last or nineteenth 
pair have been lost or omitted in mounting the skeleton. The 
twentieth dorsal vertebra presents costal articular cups, which 
are imsymmetrical and small ; that on the right-side not much 
exceeding the size of a silver sixpence. But the vertebra is 
distinctly present" At Paris there is a skeleton with 20 dorsal 
vertebrae and 20 pairs of ribs, which was forwarded from 
BengaL The result of Dr. Falconer's researches was to convince 
him that " there is but a single species of Asiatic elephant at 
present known, modified doubtless according to his more 
northern or southern habitat, but not to an extent exceeding 
that of a slight geographical variety." 

Taking the elephant of Ceylon as an example of this supposed 
species, we will attempt to depict its habits as drawn up by 
Sir Emerson Tennent in his work on the * Natural Histoiy of 
Ceylon.' So great has been the slaughter of this variety by 
hunters, ivory traders, and others, that where formerly herds 
were numerous, now scarcely an individual is to be seen. For 
many generations the natives used to keep up a system of fires 
and night watching in order to prevent the intrusion of these 
massive creatures upon their growing crops, but now so little 
damage is sustainable from this cause that no precautions what- 
ever are in some places resorted to. Herbivorous in its diet, the 
elephant delights in the coolness and shades of the forest, where 
it spends its time harmlessly and peacefully. It is too powerful 
to be the prey of any other animal, and it molests nothing that 
does not wilfully interfere with its comfort As a rule, it mani- 
fests no uneasiness at the presence of other animals ; but there 
are a few creatures which disturb its equanimity, such, for 
example, as the dog and the horse — -probaoly because Uiey are 
in some way associated with its chief enemy, man. It usually 
frequents the coolest and loftiest woods of tne district which it 
inhabits. During the day the herds are generally quiescent, the 
individuals recb'ning or standing in the midst of the jungle ; 
those in the latter position are generally observed to be in con- 
stant motion, or fiogeting much in the same way as in the captive 
individuals. Thus some will move their head round in a circle, 
or from one side to another ; others will flap their ears, or tilt 
first to one side and then to the other ; others will swing the feet 
backwards and forwards, or alternately bend and straighten the 
fore legs; while yet othera will fan themselves with a leafy 
branch, more as it seems for the sake of the motion than for the 
coolness which they mav derive from the operation. Each herd 
appears to be governed by a leader, which may be either a male 
or a female, but generally the former, by which all its movements 
are directed. The leader issues commands, and implicit obe- 
dience is alwajrs yielded ; but what is the method of communi- 
cation does not seem to be clear. An anecdote by Major Skinner 
is given by Sir E. Tennent, which will illustrate this statement: 
" The case you refer to," says the major, " struck me as exhibiting 
more than the ordinary brute instinct, and approached nearer to 
reasoning powera than any other instance I can now remember. 
I cannot dx) justice to the scene, although it appeared to me at 
the time to be so remarkable that it left a deep impression in my 
mind. In the height of the dry season in Neuera-Kalaiva, you 
know the streams are all dried up, and the tanks nearly so. All 
animals are then sorely pressed for water, and they congr^ate 
in the vicinity of those tanks in which there may remain ever so 
little of the precious element During one of those seasons I 
was encamped on the bimd or embankment of a very small tank, 
the water in which was so dried that its surface could not have 
exceeded an area of 500 square yards. It was the only pond 
within manv miles, and I knew that of necessity a very large 
herd of elephants, which had been in the neighbourhood all day, 
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must resort to it at niglit. On the lower side of the tank, and 
in a line with the embankment, was a thick forest, in which the 
elephants sheltered themselves during the day. On the upper 
side, and all around the tank, there was a considerable margin of 
open ground. It was one of those beautiful, bright, clear, moon- 
light nights, when objects could be seen almost as distinctly as 
by day, and I determmed to avail myself of the opportunity to 
observe the movements of the herd, which had already mani- 
fested some imeasiness at our presence. The locality was very 
favourable for my purpose, and an enormous tree projecting over 
the tank, afforded me a secure lodgment in its branches. Having 
ordered the fires of my camp to be extinguished at an early hour, 
and all my followers to retire to rest, I took up my post of 
observation on the overhanging bough ; but I had to remain for 
upwards of two hours before anything was to be seen or heard of 
the elephants, although I knew they were within 500 yards of 
me. At length, about the distance of 300 yards from the water, 
an unusually large elephant issued from the dense cover, and 
advanced cautiously across the open ground to within 100 yards 
of the tank, where he stood perfectly motionless. So quiet had 
the elephants become (although they had been roaring and 
breaking the jungle throughout the day and evening), that 
not a movement was now to be heard. The huge vidette 
remained in his position, still as a rock, and then made 
three successive stealthy advances of several yards (halting for 
some minutes between each, with ears bent forward to catch the 
slightest sound), and in this way he moved slowly up to the 
water's edge. Still he did not venture to quench his tniret, for 
though his fore feet were partially in the tank and his vast body 
was reflected clearly in the water, he remained for some minutes 
listening in perfect stillness. Not a motion could be perceived in 
himself or nis shadow. He returned cautiously and slowly to 
the position he had at first taken up on emerging from the 
forest. Here in a little while he was joined by five others, 
with which he again proceeded as cautiously, but less slowly 
than before, to within a few yards of the tan£, and then posted 
his patrols. He then re-entered the forest and collected around 
him the whole herd, which must have amoimted to between 80and 
100 individuals, lea them across the open ground with the most 
extraordinary composure and quietness, tul he joined ^e ad- 
vanced guara, when he left them for a moment and repeated his 
former reconnaissance at the edge of the tank, after which, 
having apparently satisfied himself that all was safe, he returned 
and obviously gave the order to advance, for in a moment the 
whole herd rushed into the water with a degree of unreserved 
confidence, so opposite to the caution and timidity which had 
marked their previous movements, that nothing will ever per- 
suade me that there was not rational and preconcerted co-opera- 
tion throughout the whole party, and a degree of responsible 
authority exercised by the patriarch leader. When the poor 
animals had gained possession of the tank (the leader being the 
last to enter), they seemed to abandon themselves to enjoyment 
without restraint or apprehension of danger. Such a mass of 
animal life I had never before seen huddled together in so 
narrow a space. It seemed to me as though they would have 
nearly drunk the tank dry. I watched them with great interest 
until they had satisfied themselves as well in bathing as in 
drinking, when I tried how small a noise would apprise them of 
the proximity of unwelcome neighbours. I had out to break a 
little twig, and the solid mass instantly took to flight like a herd 
of frightened deer, each of the smaller calves heme apparently 
shouldered and carried along between two of the older ones." 

When the tanks are empty and the river courses are converted 
into expanses of dry sand, the elephant scoops a hole in the 
sand with its foot. If the sides were made perpendicular the 
great weight of the beast would cause the sand to yield. To 
avoid this inconvenience one side is made with a very low gra- 
dient, and it is from this side that it approaches to drink as soon 
as the water has collected in the hollow through percolation. 
The depth of the excavation is usually from four to five feet. A 
considerable quantity of water is imbibed, and a portion of it is 
stored up prooably in a portion of the stomach which appears to 
be especially adapted for its reception by means of folds and a 
valvular apparatus. There are many instances on record that 
the elephant is able to store up a considerable quantity of pure 
water for many hours. Thus Sir E. Tennent describes the cap- 
turing of some herds in a corral ; and observes that every incu- 
vidual captured would insert its trunk into its mouth, withdraw 
a quantity of water from some receptacle, and discharge it over 
its back. This he saw in the case of a herd which was known 
not to have had access to water for twenty-four hours. In feed- 



ing, the elephant performs every motion with leisurely ease. A 
tuft of grass is twisted up with the trunk, gently tapped against 
its foot to get rid of the earth adhering to the roots, and then 
conveyed to its mouth. A cocoa-nut is deprived of its strong 
outer covering by rolling imder a foot, the fiorous layer next the 
shell is stripped off with the trunk, and the shell is crushed 
between the powerful grinders, the nulk which flows out being 
swallowed with intense relish. Elephants are also very fond of 
the nuts of the palmyra paLn, ana the stubble of Chena lands. 
Chena land consists of forest clearings which are made to raise a 
single crop and are then allowed to revert to a jungly condition. 
The patches of growing grain are surrounded by fines of reeds 
loosely fastened together, which, with the aid of a watcher, 
effectually prevent the elephants from trespassing. As soon as 
the crops are ready to be cut, herds are sure to make their ap- 
pearance, althougn the time may vary for each district, and wait 
patiently until tne crops have been removed and the watcher 
withdrawn, when they enter gaps in the fence and feed upon 
what has been left. Sir E. Tennent says there is somethmg 
unexplained in the dread which an elephant exhibits on ap- 
proaching a fence, and the reluctance with which it faces the 
slightest artificial obstruction. " In the fine old tank of Tissa- 
weva, close by Anara-japoora, the natives cultivate grain, during 
the dry season, arouna the margin where the groimd has been 
left bare by the subsidence of the water. These little patches of 
rice they enclose with small sticks^an inch in diameter and five or 
six feet in height, such as would scarcely keep out a wild hog if 
he attempted to force his way through. Passages of from ten to 
twenty feet wide are left between each field to permit the wild 
elephants, which abound in the vicinity, to make their nocturnal 
visits to the water still remaining in the tank. Night after 
night these open pathways are frequented by immense herds, but 
the tempting com is never touched, nor is a single fence dis- 
turbed, although the merest movement of a trunk would be 
sufficient to demolish the fragile structure. Yet the same spots, 
the fences being left open as soon as the grain has been cut and 
carried home, are eagerly entered by the elephants to glean 
amongst the stubble. 

In the wild state the elephant is eminently fond of luxurious 
ease ; and the same character prevails in the semi-domesticated 
individuals. It has been said that some elephants will obey the 
command to perform a task which they have been in the habit 
of performing witliout requiring any superintendence. Sir E. 
Tennent says that if the eye of the keeper is withdra^vn the 
elephant will finish the work immediately in hand, and then 
leave his work in order to browse, fan himself, and blow dust 
over his back. The elephant is usually employed in dragging 
and piling timber, and in moving large stones. When thus 
engaged and difficulties are encountered, the elephant carefully 
judges whether the risk is too great or not ; and if the latter 
alternative be adopted it resorts to the most reasonable measures 
that could be devised for overcoming them without any prompt- 
ing from men. In this respect the elephant shows greater 
sagacity than the horse. " His minute motions when engrossed 
by sucn operations, the activity of his eye, and the earnestness 
01 his attitudes can only be comprehended by being seen. In 
moving timber and masses of rock his trunk is the mstrument 
on which he mainly relies, but those which have tusks turn them 
to good account. To get a weighty stone out of a hollow an ele- 
phant will kneel down so as to apply the pressure of his head to 
move it upwards, then, steadymg it with one foot till he can 
raise himself, he will apply a fold of his trunk to shift it to its 
place and fit it accurately in position ; this done, he will step 
round to view it on either side and adjust it with due precision. 
He appears to gauge his task by his eye, and to form a judgment 
whether the weight be proportionate to his strength. If doubt- 
ful of his own power he hesitates and halts, and, if urged 
against his will, he roars and shows temper." (Tennent.) It is 
frequently asserted that the elephant is able to uproot or break 
in half the largest trees of the forest, but this appears to be an 
exaggeration. The largest elephant in captivity is unable to fell 
a tree twelve inches in diameter, and hence it is comparatively 
useless for clearing timber land, but it renders excellent service 
in piling timber which has already been felled. Thus Sir E. 
Tennent refers to two specimens employed in piling ebony and 
satin- wood in the yards attached to the commissariat stores at 
Colomba They did their work neatly, and far more quickly 
than dock labourers could have effected it. When the pile had 
reached that height that they could not conjointly raise tlie 
larger logs to its summit^ they leaned two pieces of wood against 
the heap, and rolled the logs up the incbned plane so formed, 
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and placed them trimly on the top. For most kinds of work, 
elephant's labour is more costly than that of either the horse or 
buffalo. 

India would seem to have been the head-quarters of the genus 
EUphas ; for in no other country does it present so many species, 
and in none is it so persistent and long enduring. The earliest 
remains are believea to belong to the early miocene period, since 
when there seems to have been a constant succession of species. 
Elephant remains have also been found in the miocene strata of 
America, and the genus is known to have lasted there up to a 
late geological period, and possibly even to the time of man, if 
any importance is to be attached to the traditions of the natives 
that their ancestors were acquainted with an enormous animal 
with a snout like an arm. The Chinese also have a similar 
tradition, as they sav there once lived a creature like a rat, but 
of immense bulk, wnich frequented the country far away to the 
north, and which furnished excellent ivory. In Europe, too, it 
is probable that man may have co-existed with some of the 
latest forms, as we shall have occasion to mention presently. In 
this last-mentioned portion of the globe the genus appears to 
have been an immigrant from other lands, for the first relics do 
not mount further back in time than the pliocene period. The 
approximate order of antiquity of the European species is 
hlephas meridionalisy E, arUvquus, E, prvmi^eniuSy E, melitterms, 
E. Falconerif and E. africanus fomlis ; and in this order we shall 
make a few remarks respecting each. 

E. meridionalis, Nesti. Its teeth are wide and short, and the 
laminae are few and broad. The pattern formed by the projec- 
tion of the enamel above the softer cement and dentine, consists 
of a wavy, crimped line, which is usually continuous in the 
same laminae, but is not imfrequently broken up into two or 
more separate valleys. At places the enamel bulges out so that 
there is an approach to the rhomboidal outline cnaracteristic of 
the pattern on the molars of the African elephant. The ridge 
formula of the last milk molar, and of the three true molars, is 
8:8, 9, 12. Qenerally there are from 12 to 13 ridges in action 
in a triturating surface of about nine inches and a half. Its 
nearest afl&nity is with the E. planifrans of the miocene of India. 
The principal localities where its bones have been discovered are 
the Norwich crag of Norfolk; Bresse, Auvergne, and Velay; at 
St. Prest, near Chartres ; at Viste, near Marseilles ; in the pro- 
vince of Asti, Piedmont ; in the Val d'Amo, Tuscany ; in the 
trenches of Sebastopol, Crimea ; and possibly near Moscow and 
in Siberia. A fine series of bones belonging to this species is 
now in the Gunn collection of the Norwich Museum. The 
bones at St. Prest are marked with strise and sharp incisions, 
which Desnoyers avers are analogous to those known to have 
been formed by means of flint implements. In one example he 
states there may be perceived traces of arrow marks, such as a 
sharp triangular notch, and lateral notches produced by the 
barbs. These markings are not confined to tne bones of the 
elephant, but are equally perceptible on those of associated 
animals. The horns of the deer have been wrenched from the 
frontal bones by a violent blow ; and many of the marrow bones 
have been split open. From these and some other facts. 
Desnoyers arrives at a series of conclusions, of which we will 
quote three. The first is that the marks upon the most ancient 
bones appear to have, in great part, the same origin as those of 
the more modem, and cannot, therefore, be attributed to any 
other cause tiian the hand of man. The next is that these facts 
permit the conclusion, with a very great appearance of pro- 
bability, until some other more satisfactory explanation better 
elucidates this double phenomenon, that man lived upon the soil 
of France before the great and first glacial period — at the same 
time as the EUphas meridionalis, and the other pliocene species 
of the Val d'Amo in Tuscany ; and that he was contemporary 
with those large animals, anterior to the epoch, of the EUphas 
primigenitu, and the other mammals, whose bones have been 
found mixed with the remains of man in the gravels or quater- 
nary beds of the great valleys, and in the caverns. And tne last 
is, that the beds of St. Prest furnish, as yet, the most ancient 
example in Europe of the co-existence of man with extinct 
animals. Much, however, depends upon the correct interpretation 
of the markings. Carnivorous animals are fully able to wrench 
the horns from skulls, and to crack marrow bones, although 
they are not known to do it in the systematic way that man 
effects the operation. As to the stria), it is not certain that they 
cannot be produced but with a stone implement Sir C. Lyell 
introduced some bones into the beaver's cage at the Zoolo^cal 
Gardens, Regent's Park, and in five minutes he had markings 
undistinguishable from those upon which Desnoyers had based 



his conclusions. Proof is still wanting, we think, to show that 
man was a member of the pliocene fauna. 

E. cmtiqutu, Falconer. The molars have more numerous and 
narrower laminae than the foregoing species ; this is partly indi- 
cated by the ridge formula, which is 10: 10, 12, 16. The number 
of ridges used for triturating at one time is about 14 or 15 in a 
length of nine and a half inches. It appears to have flourished 
on the confines of the pliocene and post-pliocene periods in 
various parts of England, France, Switzerland, Italy, and 
Northern Africa. 

E, primigenitu, Blumenbach. The mammoth is more nearly 
allied to the Indian elephant than any other species. Its molars 
have a broader crown than those of E. indicus, the laminae are 
thinner and more numerous, there being as many as 22 or 23 
in a triturating surface of nine and a half inches. The ridge 
formula for the last four teeth of the upper jaw ib 12 : 12, 16, 24 ; 
the last, however, varies, but within certain limits. The differ- 
ence observable between the molars of the mammoth and Uie 
Indian elephant are thus stated by Dr. Falconer : — " Although 
agreeing in this essential respect, there are important differences 
in the mechanical disposition of the plates. In E, primigeniits 
the molars are shorter for the number of their constituent ridges, 
and their crowns are also both absolutely and relatively broader 
than in the Indian species. The alternate successions of cement, 
enamel, and ivory are therefore more attenuated and more con- 
densed, and a larger number of them enter into the surface of 
that part of the tooth which is in wear. Lartet fixes the num- 
ber' of ridges that may be in active use at from 20 to 23 in a 
length of about nine and a half inches; while in the adult 
Indian elephant the number of bands in the same length is 
usually about sixteen. But the great difference lies in the 
mechamcal properties of the enamel plates. Instead of being 
thick and robust, with close set and regular undulations, or 
zigzags, afi in the Indian species, they are thin and parallel, the 
projecting edges running either straight across, or if there is a 
tendency to undulation it is but slight, fine, and inconstant ; 
occasionally, even, there is an irregular angular expansion or 
flexuosity m the edges of the disks that are worn low aown ; but, 
as a general rule, the plates are straight, and free from waviness. 
It is this character which involves the greater width of the molar 
crown in the mammoth ; if the undvdations of the Indian ele- 
phant were unfolded, the crown plates would in that species be 
as broad as on the fossil one. Another difference is, that these 
plates are higher in the mammoth. In the Texan specimen of 
an upper molar they attain the enormous height of nearly eleven 
inches. The triturating surface of the crown in the active 
molar presents another and very significant difference. Insteacl 
of the terraced inequalities seen in the molars of E, Columhi and 
E. indictu, the worn surface in the mammoth is nearly flat ; the 
enamel edge rising but a little above the ivory and cement. 
This is a constant cnaracter of mammoth molars of all ages, and 
of all regions, whether from the preglacial 'forest bed" of the 
Norfolk coast, from the volcanic gravels aroimd Rome, from the 
superficial gravels of England, from the frozen soil at the mouth 
of the Lena, from Eschscholtz Bay, from the swamps of Ohio, or 
the prairie lands of Texas. In fact, the normal condition of the 
molar crown of the mammoth resembles that of the Indian 
elephant which has been fed in captivity, but without the dis- 
torted arrangement of the plates seen in the latter. This obser- 
vation, so far as I am aware, has not been made before ; and the 
fact will explain the reason why I have entered so much in 
detail into the cause of the unnatural condition in the captive 
Asiatic species." The remarks referred to bear upon the ordmary 
food of the Indian elephant, and of the derangements caused in 
the dental system when certain changes are made in the diet The 
food, it seems, is partly arboreal and partly herbal The trees 
which are most largely employed are the banyan tree, the india- 
rubber tree, and several others which, like them, abound in a 
bland milky sap. Amongst the grasses the Saccharum tpon- 
taneum is a favourite, and the stem of this is so largely chaiged 
with silica that to it is due the peculiar mode of wearing of the 
tooth. "It is diflScult," says tne authority already cited, "to 
conceive of a mechanism better adapted to the duty which they 
have to perform than is presented by the molara of the Indian 
elephant Taking the three true molars, which serve during the 
adult stage of the animal, they are composed successive^ of 
twelve, sixteen, and twenty-four ridges. Each ridge has the 
core formed of a light wedge-shaped plate of ivory; a continuous 
plate of enamel is closely foldea over these wedges, which are 
confluent at their bases ; and the intervals between these ridges 
are filled up, each with a reversed wedge of cement, which is 
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between the grooves and inequalities of the enamel. When the 
crown is in full activity of wear, the penultimate molar, consist- 
ing of sixteen ridges, presents an unequal triturating surface, 
composed of thirty-two plates of enamel, alternating with sixteen 
thin wedges of ivory, and as many of cement, making in all 
sixty-four alternations, disposed within a length of from 8J to 
9J inches. The disintegratmg and bruising power of the surface 
is further greatly augmented by the circumstance that, in the 
Asiatic elephant, the plates of enamel are folded veiticallv into 
a number of bold, close-set zig-zags or undulations, whicn pre- 
sent a crimped edge during wear. If a number of these plates 
were brought together so as to place their undulations in contact, 
an appearance would be produced analogous, on a large scale, to 
the engine-turning of a watch case, arranged in longitudinal 
lines. The three constituent materials being of unequal hard- 
ness, the cement is worn lowest, the enamel highest, and the 
ivory to a level between the two. A constant equilibriimi is 
maintained in the normal state between the nature of the food, 
the waste of the crown surface, the absorption of the fangs, the 
forward movement of the body of the tooth, and the replacement 
of the worn-out portion by a succession of fresh plates,* protruded 
from behind." This is what goes on normally m the wild state, 
but, when the equilibrium is once destroyed, as for instance, by 
substituting soft substances for hard as food, the molars are worn 
down slowly, they acquire a smooth, flat surface, the tooth re- 
mains for a long time in position without making way for the 
new comer, the two become agglutinated, and various distortions 
and diseases arise which produce agony in the animal, and 
shorten its life. The relation of the nature of the tooth to the 
kind of food, and the resemblance between the triturating sur- 
face of the molars in the Indian elephant to those in the mam- 
moth indicate that their food was similar. But the less 
corrugated surface of the mammoth's molars seem to indicate 
that its food was not so hard as that of the Indian species. At 
present nothing definite has been ascertained as to what plants 
the mammoth really fed on, although this was one of the prin- 
cipal objects for winch the Russian expedition, of which so much 
has been said lately, was ox^nized. The immense range of the 
mammoth has been sketched in E.C. ; it appears to have extended 
from Texas in North America as far north as Eschscholtz Bay, 
through Northern Siberia and Russia, and on to Norway, 
Sweden, Qermany, France, England, and as far south in Europe 
as Rome. This is the extreme range, but it is probable that 
only a portion of this space was occupied during one and the 
same time. Much controversy has been expended as to its true 
range in time. It appears to be entirely post-pliocene. The 
earliest English relics nave been foimd in the * forest bed * at 
Cromer, ana those found in the volcanic gravel beds near Rome 
seem to be of quite as early a date. The bones found at Ril- 
maur are also of pre-glacial age. Its remains' abound in gravels 
of post-glacial age. it is noticeable that the bones found in the 
northern parts of Siberia are usually smaller than those found 
in the south. Thus teeth found in the Lachow Islands rarely 
weigh more than three poods, while those found in the south 
frequently weigh twelve poods. Of late years great eflforts have 
been made by the government and scientific men of Russia to 
procure a whole carcass of the mammoth. A large reward was 
offered to any one who discovered a tolerably complete skeleton, 
and a still larger sum was offered for the nnding of a skeleton 
invested with soft parts. This soon led to the announcement, 
in 1864, that a large and complete carcass had been seen in Tas 
Bay, not far from the Jenissei River. An expedition was at 
once fitted out and provided with ample instructions as to what 
to do, and how beist the animal might be transported to St. 
Petersburg. The expedition was headed by Schmidt, and the 
report from him was that the specimen was an imperfect immature 
individual, and that he was unable to procure any of the con- 
tents of the stomach. This much lowered the hopes that had 
been raised, but it may be expected that the expedition will 
learn from the country people where a good specimen is to be 
found. Long accoimts about this expedition, and about E. 
primigeniuSf are contained in the * Bulletin de TAcademie Im- 
p^riale des Sciences de St. Petersburg,' voL x. This volume has 
a coloured figure of the mammoth, and a reproduction of the 
carved ivory from the old caves of Perigord on which is 
delineated a shaggy-haired elephantine creature, surmised to be 
intended for the present species. 

E, melitemis^ Falconer. This is a remarkably small species 
from the caves of Malta, the size of which, when adidt, did not 
exceed that of a large tapir or a small rhinoceros. Mr. Busk 
estimates its height at about 4 feet 6 inches. Dr. Falconer 
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appears to have been aware of but one pigmy species from the 
Maltese caves ; but Mr. Busk has subsequently ascertained that 
there are two species. He has reserved the specific name given 
by Falconer to the larger of the two species. The ridge formula 
of the teeth is : — 

3+5+8 8+9+12 
3+5+8 ' 8+9+12 

which comes nearer to that of the existing African species than 
any other. In the mode of wearing of the teeth there are also 
resemblances which point to its near affinity with that species ; 
thus, both species present rhomb-shaped patterns ; but in the 
African species the ancles terminate in a round loop, whereas 
this loop IS absent in E. melitensis, 

E, Falconeri, Busk. This is the smaller of the two pigmy 
elephants from the Zebbug cave, Malta. The ridge formula of 
its teeth has not been established. The teeth have a general 
resemblance to those of E, mcliteruis, but there are important 
differences between them. Mr. Busk has pointed out that there 
are evidently two distinct types of teeth from this cave, but he is 
doubtful of the correct specific termination of the two sets. The 
height of this species, according to Busk's estimate, was from 30 
to 36 inches. 

Both these species have formed the subject of an elaborate 

giper by Mr. Busk, published in the * Transactions of the 
oological Society of London,' vol. vL, p. 227 — 306. In it 
descriptions are given of all the bones, and comparisons are 
made with the corresponding parts of the living forms. 

E, africanus fossilis. This species, which is now confined to 
the central and southern portions of Africa, was known to have 
extended to its northern borders as late as the fourth century of 
the present era. But at a still earlier date it must have roamed 
still farther north, for its remains have been discovered in Spain, 
France, and various parts of Germany in beds of post-pliocene 
age. 

There is another spcies, or reputed species, which has once 
existed in Europe, \nz., the E. armeniacus, of which specimens 
have been recorded from Sicily and Italy. It seems to have 
been nearly allied to the Indian elephant 

(Falconer, Dr., Natural History fieview for 1863, p. 43 — 114 ; 
Q, J, Geol, Soc., voL xiii., p. 307 ; vol. xxi., p. 253 — 332 ; 
Schlegel, Natural History Review for 1862, p. 72 ; D'Archiac, 
Faune Quatemaire, 1865; Brandt, BuU. Acad Nat, Sci, St, 
Petersburg, voL x. coL 93, 361 ; Schmidt, An. des Sci. Nat., 5tli 
Series, vol. vii., p. 82 ; Lartet, BuU. de la Soc. GeoL, 2nd Series, 
vol. xvi., p. 469 ; Busk, Trans. Zool. Soc., vol. vi., p. 227.) 

ENTOZOA [E. C, vol. il, cols. 570—578]. Although objec- 
tions are constantly raised against the name Entozoa for the 
annulose internal T»rasites, and although Scoledda is the term 
usually substituted for it, we shall, for convenience sake, make 
our supplementary remarks on the group under the present 
heading. These remarks, moreover, will be arranged on nearly 
the same plan as in the original article. 

The first order is Turbellaria, which has usually been assigned 
to the Annelidan class, but which some entozoologists consider 
to form part of the Scolecidti. There appears, however, to be no 
certainty as to their true place in the animal scale, but the most 
correct view seems to be that which would place them inter- 
mediately between the Sucioria amongst annelids, and the Tre- 
matoda amongst Scolecida. The members of this order are all 
free, and therefore no further allusion will be made to them 
here. 

The second order is Cestoidea. with which the order Cystica^ 
mentioned in E. C, vol. ii., col. 572, is identical, since it has 
been ascertained that the organisms which compose the latter 
are, for the most part, the immature states of those which are 
grouped under Gestoidea, 

The Cestoids, or Tape worms, present some analogy to the 
Hydrozoa, in that the ovum developes into a colony of zooids, 
and the zooids imdergo a series of metamorphoses or changes of 
form before they acquire the mature condition. They are 
generally distributed amongst vertebrates, but are comparatively 
rare amon^ reptiles. The zooids or zooid-colonies imiabit dif- 
ferent species of animals during the various stages of develop- 
ment, and this migration from one animal to another is an 
essential feature in their life history. Man is infested by 
ten species of tapeworm ; the Quadrumana harbour compara- 
tively few ; but the Camivora and Ruminantia have them in 
abundance. The other mammalian orders do not develope 
many cestoid ^mrasites. Cestoids abound in most families of 
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birds, both those which eat vegetables and those which eat flesh. 
The fishes have them, but it would seem that lai^e groups are 
entirely free from these parasites. Cestoids are rare amongst the 
invertebrates. The number of species is estimated by Cobbold 
at about 200, which he would group into the three faniilies, 
Tceniadofy BothriocephalidcBy and Tetrarhynchidm. 

The TcmiadxB have the head distinctly marked off from the 
body, with four suckers on its sides, and, in most species, a pro- 
longed portion or proboscis stretching out from the fore end. 
This proboscis is more largely developed in some species than in 
others, and its accessory characters are also sporadically distri- 
buted. Thus in some species it is retractile, and capable oT 
being withdrawn into a protective sheath ; in others it is armed 
with a crown of homy hooks, the number, position, and size of 
which frequently furnish marks whereby to distinguish the 
species. The reproductive pores are marginal and lateral. It 
embraces the following genera, according to Cobbold : — Taenia, 
Linnaeus ; SciadocepmluSy Diesing ; Ephedroeephalus, Diesing ; 
Amphotero7norphus, Diesing ; Peltidocotyle, Diesing ; Caryophyl- 
keus, Gmelin ; DiplcLcanihiis, Weinland ; Acanthotrids, Wein- 
land ; HyramolNm, Weinland ; TaniarhynchtiSf Weinland ; 
Echinococcifer, Weinland ; Proteocephalvs, Weinland ; Dipyli- 
diwm, Leuckart. 

The Boihriocephalidce differ from most TceniacUe in not 
possessing a proboscis, and in having the foss89 (which are two 
or four in number, and arranged opposite one another), provided 
with hooks which vary in number and groumng. The head is 
usually distinct, and its shape varies mucn. The segments and 
reproductive organs also present great differences. In some 
species the generative orifices are in the centre of each segment, 
while in others the^ are placed at the lateral mamn. The 
species prevail most m the cold-blooded vertebrates. Tne family 
includes the following genera : — BothriocephaluSy Rudolphi ; 
Tetrdbothrium, Rudolphi ; Callihothrium, Van Beneden ; Antho- 
hothrivm, Van Beneden ; PhyUohothrium, Van Beneden; Echenei- 
boihriuntf Van Beneden ; Octobothriumy Diesing ; Diphyllohoth- 
rium, Cobbold ; SolenophorvSy Creplin ; Tricuspmaria, audolphi ; 
Hygromn, Schrank ; Echinohoihritim, Van ^neden ; Bothrv- 
monusy Duvemoy ; LigtUay Bloch. 

Tetrarhynchidcp, — Cobbold describes this family as having four 
armed retractile proboscides attached to the heacL The armature 
is formed of thousands of sharp pointed recurved hooks. The 
head is generally bilobed, each lobe having either a bipartite 
bothrium or two separate pits. The pits are frequently sup- 
ported on four appendages, which imdergo great modification of 
form through contraction, and have different shapes in different 
species. The head is not marked off from the body. The body 
is long, depressed, and composed of distinct segments. The 
reproductive orifices are situated at the lateral margins of the 
jomts in an irregidarly alternate manner. The species are 
restricted to fishes, the mature forms occurring only in those 
which feed on other fishes. The following genera are included 
in this family : — TetrarhynchuSy Rudolphi ; Pterohothrium, 
Diesing ; Khunchohothrimjiy Rudolphi ; Tetrarhynchohothrivm, 
Diesing ; Synbothrium, Diesing ; StenohotMvm, Leuckart 

Tamta. — This genus affords no fewer than seven species which 
occur as parasites within the human frame. The most familiar 
species is the common tapeworm, T. soliumy of which we append 
tne following description as given by Mr. Cobbold. It is of 
large dimensions, attaining, when mature, a length of from ten 
to thirty feet. Larger specimenp are on record ; but it is 
believed that these really consisted of several worms associated 
together. The greatest breadth is about one-third of an inch. 
The head is about the size of a pin-cap, globular, and produced in 
front as a short conical proboscis, wmch is armed with a double 
circlet of hooks. There are four suckers. The head is marked 
off from the body by a narrow constricted portion nearly haK 
on inch long. Just behind the constriction the segments are 
indistinctly annulated by transverse lines, which become more 
and more spaced apart in proceeding towards the hinder portion 
of the body. The earliest formed immature segments are very 
narrow, the proglottis, or sexually mature zooid commencinjg at 
about the 450th segment, there being about 800 segments in a 
worm ten feet long. The mature proglottides are twice as long 
as broad, thin, and transparent ; they are furnished with a 
branched uterus, which consists of a central stem, with from 
seven to ten offshoots on either side. Each segment is herma- 
phroditic ; the lateral pores are unquestionablv the reproductive 
orifices. The larval stage was formerly called Cysticercus cellu- 
loece. In addition to the complicated vascular generative sjrstem, 
there is a second aeries of vessels, which form the aquiferous 



system. It consLsts of two longitudinal nodular canals, which 
divide into four near the head, and are connected at intervals by 
transverse communication. The life history of a tapeworm is 
very eventful. The proglottis developes eggs, and these give 
rise to embryos, which remain for a time within the egg. After 
a while the proglottis with its young brood is discharged from 
the body of the individual in which it has been residing ; it 
moves about until the embryos within have become so Ibxsq 
that it bursts and sets them free. The embryos are scattered far 
and wide, wherever wind and water can convey them. A certain 
proportion of these and of the gravid proglottides are swallowed 
by pigs. As soon as the embryos find themselves in the pig's 
digestive canal, they bore through the egg-shell, and into the 
fatty part of the fle^ of their host, by means of a special boring 
apparatus with which they are furnished, and three pairs of 
hooks. Having thus attained a position suited to their nature, 
they lose their Doring and anchoring apparatus, and remain in 
contented ease, imtil the imperfectfy cooked measly pork i^ 
eaten by some human individual Having secured a favourable 
spot, it attaches itself by means of hooks, and from being a 
uysticcrcusy it becomes a Tcmia. As such it developes a whole 
colony of zooids, or, in other words, it commences by having 
comparatively few segments, and gpudually developes other 
segments by gemmation. When mature it partially consists 
of proglottides similar to those with which we started. Cobbold 
thus arranges the life phases : — a, egg in all stages ; 6, six- 
hooked embiyo or proscolex ; c, resting larva, or Cysticercw eel- 
ItUosce, or scolex; (£, immature tapeworm ; e, strobili, or sexually 
mature Tmnia solium ; /, proglottis, or free segment. The above 
is the ordinary routine of development ; but, as mentioned in 
the E. C, the Gysticerci themselves may be developed in the 
human body. T. mediocaneUata is a second species. It was for 
long confounded with T. soliumy until KuchenmeiBter pointed 
out its distinctive character. It exceeds that species in the 
length, breadth, and thickness of the segments; the head is 
large, devoid of a proboscis and hook apparatus. It has large 
sucking disks, whicn are surrounded by dark pigment granules. 
The uterine organ has twice the number oi lateral oranches 
which occur in the same part in T, soliwm; the branches are 
more closely packed, and parallel, and have not, consequently, 
so dendritic an app^irance as in the common tapeworm. The 
first sexually mature proglottis is situated at about the 450th 
segment The reproductive papilla is situated much below the 
centre of the lateral margin. The cysticercal stage ia developed 
in the muscles and internal organs of cattle. This has been 
experimentally tested by Leuckart, who fed calves with the 
mature proglottides, and on examining the animals a few weeks 
after, the muscles were found to contain Gysticerci, the heads of 
which had all the peculiarities of those of the adult T. medio- 
caneUata, The experiments were repeated on sheep and pigs, 
but no results followed. This species is almost as prevalent as 
the common tapeworm, but the relative numbers of the two 
depends in a great measure upon the ordinary diet of the people 
of each country. The Burates, near Lake Baikal feed largely 
upon the half raw and raw flesh of calves, sheep, camels, and 
horses ; and their meals are eaten without any regard to cleanli- 
ness. Hence it happens almost every individual is infested with 
T. mediocanellatOy lor of 120 individuals which were subjectec^'to 
post-mortem examination only two were free from these para- 
sites. Specimens of T. soliwm are rarely found in the bodies 
of this people — a fact which is intimately connected with the 
circumstance that they rarely partake of pork. In this country 
both species are about equally abundant ; but, according to 
Cobbold, the hooked worm infests the poor, who subsist chiefly 
on pork, and the bookless worm the rich, who prefer mutton, 
veal, and beef. T, acanthotrias has only beeji found in the 
cysticercal stage in a few individuals. T, /avepunctata is another 
rare species ; indeed, there is only one instance on record of its 
occurrence. The proglottides are short, and each segment has a 
yellow spot centrmy situated. The eggs are unusually large. 
T, nana is also rare ; its cysticercal state is not known. T, ellip- 
tica usually has a length of about eight inches. It has a double 
set of reproductive oi^gans, the outlets of which are placed one 
on either side at the centre of the mamn of each proglottis. 
The head has an uncinated conical proboscis. T. marginata 
occurs in man in the cysticercal stage, and passes into the dog 
and wolf in order to acquire its mature state. Dr. Moller swal- 
lowed several specimems of Cysticercus tenuicoUis (the name by 
which the larval stage was first known), but no injurious effects 
were produced. The Cvsticercus is widely distributed, occurring 
not only in man, but also in monkeys, cattle, sheep, ruminantSi 
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horees, swine, and sqmrrelB. All these animals are infested by 
accidentally swallowing the eggs of T. marginata. Its occnrrence 
in man rests upon one solitary case, observed by Schliessner. 
T. echinococctu, which is referred to in the E. C. vol. ii. col. 673, 
as Echinococcus hominiSy is the most destructive of all human 
parasites. It is of small size, rarely exceeding the fourth of an 
inch in length, and developing three or four segments onlv. It 
has a proboscis armed witn a double circlet of rectirved hooks. 
The last segment alone developes the generative products, and 
when mature it is as long as all the other segments put together. 
The reproductive papilla is situated at the margin, and below 
the central line. The proscolex developes scolices by internal 
gemmation. In its earlier phases it frequents the human body, 
but in the mature form it infests the dog and wolf. The peculiar 
forms referred to as Acephalocysts in the E. C. voL ii, col. 672, 
are the larval states of this species. The earlier development 
of this tapeworm resembles that of other cestoids. Each 
adult gives rise to about 6000 six-hooked embryos, which 
are introduced into the human body in various ways, but 
chiefly by the agency of water. The majority of them pene- 
trate to the liver, but many take up their quarters in 
other organs ; when settled they are metamorphosed into blad- 
der-like bodies, known as hydatids and acephalocysts. Hence 
there can be no question that they are of a truly animal nature. 
In its youngest condition the hydatid is spherical in form and 
invested in a tough membrane. In four weeks the hydatid has 
reached a diameter of about one-fiftieth of an inch; and in 
eight weeks it becomes about one-fifteenth of an inch. It then 
gives rise to a number of nucleated cells which originate from 
the external surface of the hydatid itself, but their position is 
internal relatively to the investing membrane. The cells ac- 
quire a multitude of shapes from rotimd to stellate, and by 
agglomeration they form a granular layer. The further changes 
have not been successively traced ; but it is believed that several 
months elapse before the head is formed. When Echinococcus 
heads are aoministered to dogs they develope into mature tape- 
worms in from two to three months, and usually take up their 
position in the duodenum and small intestines. Long discus- 
sions have been carried on by helminthologists as to whether 
there are one or two spedes included in the name T. echinococcus. 
This has arisen from the great variety of forms presented by the 
hydatids, but Cobbold, Leuckart, and others incline to the view 
that all the forms belong to one and the same species. In the 
larval condition this species has been found in men, monkeys, 
sheep, oxen, deer, camels, the ^[irafife, and various equine and 
feline animals. Many hypothetical views have been advanced 
as to the ways in which the Echinococcus heads are developed ; 
and as it is difficult to harmonize the conflicting accounts, we 
give Cobbold's description, and his translation of Leuckart's 
opinions : — "The first indication (of what is subsequently to 
become an Echinococcus head, or a group of heads) consists of a 
slight papilliform elevation at the inner surface of the endocyst 
For the part which we have referred to above as the hydatid! 
This prominence, which does not appear to have been recognized 
in its very earliest stage, after a short while displays in its inte- 
rior a vacuole-like cavity, the latter being occupied, however, 
with a clear limpid fluid. Its margins become more and more 
defined imtil the cavity is by-and-by seen to be lined with a dis- 
tinct cuticular membrane. The papilla, increasing in size, 
becomes at first elongated or oval, eventually scoleciform, or 
even, perhaps, a true Echinococcus head. Thus far the descrip- 
tion bears out, in a measure, the theoretical notions entertained 
by the older authors ; but the developmental process does not 
stop here, and it is a question if, in any case, it ever does so. 
The scolex-like development has now (possibly, it may be, not 
in every case), has now, I repeat, to sacrifice itself by developing 
in its mterior a brood of scolices or Echinococcus heads. In 
other words it becomes gradually transformed into the so-called 
brood capsules of Leuckart ana other authors. AH observers 
who have microscopically examined fresh Echinococci must have 
seen these capsules. Portions of the essential vital endocyst, 
here forming the outer wall of the brood capsule now thickens 
in the same way that the original maternal endocyst had done, 
and these thickened portions, in their turn, become true scolices, 
or in some cases scolicecoid formations. By a process of inver- 
sion (precisely similar to that which has been so often described 
and ngured in the case of Gamurus) the heads are withdrawn, as 
it were, within the cavity of the brood capsule ; and thus the latter 
displays a bird's nest-like appearance. Frequently, however, a 
considerable number of them are seen everted, as is shown in one 
of the highly characteristic figures given by Huxley in his 



memoir. In this way the developmental process is completed. 
Before proceeding further, I may here remark that many modi- 
fications of this process have been witnessed as regards individual 
scolices, some of which abort, whilst others, possibly, become 
new or secondary brood capsules. All those numerous instances 
where scolices have been seen free in the cavity of the capsules, 
or in the great general cavity of the maternal hydatid, or in the 
cavities of the (subseauently to be described) daughter and 
grand-daughter hydatids, are simply examples of morbid phe- 
nomena. They are, in other words, entirely due to post-mortem 
changes. In this condition the scolices are generally quite dead, 
and therefore, assuredly, do not need a covering of vibratile 
cilia wherewith to execute their supposed swimming evolutions. 
In the completely developed state the Echinococcus heads ex- 
hibit somewhat variable characters as to size and form, the latter 
difference being for the most part dependent upon their degree of 
contraction and vitality. In the fully evolved condition they 
vary from the ith to the ^J^th of an inch in diameter, being 
usually about the ^th of an mch. They are solid throughout, 
and now exhibit a more or less hour-glass constriction at the 
centre of the body, which divides the scolex into an anterior 
part supporting the rostellum and suckers, and a posterior part 
which nas been erroneously compared to the caudal vesicle of 
ordinary Cysticerci. The rostellum supports a double crown of 
hooks, but the disparity of the two series is scarcely sufficiently 
marked to render their distinction readily obvious. The hooM 
of the smaller row vary in size from jfeth to y^th of an inch, 
while those of the larger series are from ^th to x^th of an inch. 
In all instances, as snown by Leuckart, the roo^ processes are 
incompletely developed, and, consequently, also vary much in 
thickness. In some they exhibit peculiar abnormalities, and, on 
the whole, the Echinococcus hooks may be said to be less per- 
fectly formed, in any case, than obtains in the corresponding 
scolecine or cysticercal conditions of other tapeworms. As 
regards the other structural features of these lanrsa we find the 
suckers four in number, and the general aspect of the body finely 
granulated ; whilst the observer is invariably struck with the 
appearances presented by the highly refractmg calcareous cor- 
puscles, which more particularly aoound at tne parietes and 
mferior part of the scolex. On these bodies I need scarcely 
dwell, as I have already described their essential features when 
commenting on the structure of Cysticercus tenuicollis. Their 
size varies, and in Huxley's hydatid from the zebra, they pre- 
sented an average of the ^j^th of an inch only. Huxley even 
goes so far as to express hisbelief that 'in the young and normal 
adult state these peculiar corpuscles are never c(Ucareous, but 
are composed of an albuminous substance.' This notion as to 
their earthy character being the results of a degenerative pro- 
cess cannot, as I have said before, be maintained ; notwithstand- 
ing, it is quite true that all the cestode larviB exhibit a tendency 
to calcify, after they have passed the natural limit of their 
vitality. Having no space to dwell further on this question, it 
remains for me to observe that a distinct water vasciuar system 
is recognizable in these scolices, being also connected by the 
intervention of the stalk-like neck of the scolex, with the endo- 
cystic layer of the brood capsule, and also, therefore, with the 
vessels of the maternal endocyst. In the scolex, according to 
Leuckart, there exists a circular channel immediately below the 
rostellum, and the rin^, on either side, gives ofif two vessels, 
which pass downwards in a tortuous manner on either side oi 
the scolex, internally, imtil they arrive at the pedicle where 
they unite to form two channels, which latter are continued into 
the vascular system of the maternal endocyst. In the retracted 
condition of the scolex, their position, of course, becomes very 
much altered, and they form loops on either side of the central 
line which marks the space leading down to the now inverted 
head. Neither Huxley nor myself have seen these vessels in 
the scolex itself, but Huxley discerned some apparently loose 
cilia in the granular parenchyma of the body, tne longitudinal 
measurement of these free filaments being about the ^^h of an 
inch. Further into the morphological changes exhibited by the 
retracted scolices I need not enter. But now comes the curious 
q^uestion respecting the singular phenomenon termed prolifera- 
tion. Here also I must be brier, and. to avoid drcumlocution, 
state that the endocyst is, as recently snown by Naunyn, prima- 
rily concerned in the production of the secondary and tertiary 
hydatids, whether they be exogenous or whether they be endo- 
genous. In point of fact, they are specialised developments 
which, instead of becoming brood capsules, become daughter 
vesicles and grand-daughter vesicles, constantly developing in 
their interior secondary and tertiary brood capsules and scolices, 
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but sometimes, it would appear, developing neither the one nor 
the other. Without attempting a detailed exposition of all these 
singular and interesting phenomena, I shall adduce a lengthened 
passage from Leuckart, which will probably sufficiently unfold 
the complexities of the process. Referring to Naunyn's memoir 
^which ihad myself previously consulted), Leuckart makes the 
following comment : — * Before I enter,' he says, * on the forma- 
tion more especially of the secondary so-called daughter bladders, 
I will just mention that Naunyn considers the Echinococcus 
heads, as I have also done, as taking their origin, without ex- 
ception, on the brood capsules, and that in their normal condi- 
tion they are always connected in one common system with the 
matemal hydatid. In this respect only is there any difference 
between us, namely, that Naunyn considers the hollow buds 
which adhere outside the brood capsules to be inverted and only 
formed during the cooling [1] of the Echinococcus vesicle. In 
their normal condition the young Echinococcus heads were to pro- 
trude [?] into tlie cavity of the brood capsule ; consequently 
they there develope themselves (as Wagener has also described) 
from the first, ana in their subsequent state, with the cuticular 
layer outside. That both conditions may appear there can be 
no doubt, and I have particularly stated that I have sometimes 
found the whole of the buds inverted. In spite of this circum- 
stance I am inclined to consider my view, for the present, the 
correct one, and in opposition to the view of Naunyn, to con- 
sider the premature inverting as exceptional, partly on account 
of the analogy with the other bladder tapeworms, partly, 
also, because after the representation of Naunyn (and Wagener) 
not a single motive can be discovered for the development 
of Echinococcus heads from hollow buds. If the heads were 
to bud freely in the cavity of the brood capsules from 
the beginning, then one must explain their later solid 
formation from the commencement I have never seen the cilia 
which, according to Naunyn, are situated on the inner surface of 
the mother blaiMers as well as on the brood capsules, but, in 
other respects, there are hardly any differences of opinion be- 
tween us as r^rds the histology of these animals. The more 
striking, therefore, is the divergence of our views as to the 
daughter hydatids. It is denied by Naunyn that they take their 
origm between the lamellas of the mother bladder ; a fact, how- 
ever, which, in agreement with Kuhl and Davaine, I have seen 
more than once, and have followed out step by step. The 
daughter bladders (not speaking of the common sproutmg), are 
said to arise out of heads and brood capsules which grow out 
gradually and bladder-like beneath the thickening and lamina- 
tion of their cuticle. I have not the slightest doubt that the 
author has minutely watched these processes, and I rejoice 
myself to be able to confirm one method of their formation, 
namely, the bladder metamoiphosis of the scolices (which was 
not only previously asserted by Bremser, but also by Von Sie- 
bold and Wagener). As the author has fully shown, the meta- 
morphosis commences in the hinder part of tne body, which, by 
the expansion of the inner cavity, swells into a bladder;like 
vesicle, drawing gradually the front part, with its crown of hooks, 
into it, and (by a thickening of the cuticle, as well as by the 
uniform distribution of the internal parenchyma), assuming 
more and more likeness to the Echinococcus hydatid. Sometimes 
one sees developments which are only distinguished from the 
young Echinococcus vesicles by the adhering remnants of the 
former crowns of hooks.'*' The dog is infested by several 
other species of Toenia, the larval forms of which are incapable 
of living in the human system. The best known species is T. 
serrata, which is a thin band about the fourth of an inch wide, 
and upwards of four feet in length. Its larval stage is the Cysti- 
cercus pisiformiSf which inhabits the rabbit and hare. The 
genetic relationship of the form has been demonstrated by 
Leuckart, who inoculated rabbits with the Cysticercus in question 
by administering to them the proglottides of T, serrata taken 
from dogs, and has traced the successive stages of their develop- 
ment C^bbold and others have ascertained that if the im- 
mature specimens of the Cysticercus are given to dogs their 
further development is arrested. The mature Tcenia is only 
developed when the Gysticerci are eight weeks old, and when 
they have encysted themselves for the second time. Another 
species, which occurs in domestic animals, but not in man him- 
self, is T, coenurus, described in E. C, vol. ii., coL 574, as 
Ccenurus cerebralis. The larval form occurs in the sheep, goat, 
horse, antelope, deer, dromedary, and rabbit The mature form 
infests the dog. That this view is correct is supported by the 
evidence of Kuchenmeister and others, that when proglottidfes of 
T. aenwus from the dog are given to sheep, they soon have 



CoBnuri in their brains, and that when the dogs are fed on the 
Coenuri thus obtained they become infested with T, ccmurus. 
Cysticercus fasciolarisy whicn occurs in the livers of rats and mice, 
becomes Tamia crassicoUis when eaten by cats ; and the Cysti- 
cercus UmgicoUis of the meadow vole developes into the Taenia 
crassiceps of the fox. 

Another genus of the same family, viz., Bothriocephaltu, 
affords two species parasitic in man. The best known is B, 
latus. It is remarkably broad as compared with Tcenia 
solium, assuming a breadth of about one inch, while in length 
it exceeds that species, frequently reaching to upwards of 25 
feet. The head is l^th of an inch across, and has two lateral 
unarmed grooves. The anterior segments are narrow, and 
sexually immature, but their width gradually increases in 
advancmg backwards along the colony or body ; those near the 
end are nearly one-fourth of an inch in diameter. There are 
upwards of 6000 segments, and the sexually mature ones com- 
mence at about the 600th from the head. It appears to be 
restricted to Europe, and mainly to the countries recorded in 
E. C. vol. ii. col. 674. A few instances have occurred in extra- 
European localities, but in most cases they were connected with 
individuals who had just previously travelled in Europe. It is 
exceedingly common in Switzerland; in one locality, indeed, 
namely, Geneva, one-fourth of the inhabitants are infested with 
it. It is common in Russia, Sweden, and Poland ; and is not 
unfrequent in Holland, Belgium, Prussia, Italy, and the south 
of France. The life history of this species has not been closely 
traced out It appears that the egg is oval in form, and is pro- 
vided with a lid. After an immersion in water of from one to two 
months the lid is opened, and an active swimming richly ciliated 
embryo issues fortn, and roams about for a few days. The 
ciliated covering is then discarded, and a six-hooked non-ciliated 
embryo makes its appearance. Probably the embryo enters 
some animal wherein to pass its hydatid condition ; but what 
animal performs this nursing function has not been established. 
B. cordatus has been found, though rarely, in the human body. 
Most of the examples hitherto seen were obtained from North 
Greenland, and the majority of these were from dogs. It has a 
short, broad, somewhat heart-shaped head, which is not separated 
from the rest of the body by a narrow portion. The segments 
begin to be distinct immediately behind the head, and rapidly 
increase in width. A large individual consisted of 660 segments, 
of which the anterior 60 were immature. Amongst the more 
important species which frequent animals, but not man, may be 
mentioned B, nodosus, which passes its larval stage in the bodies 
of fresh-water fishes, and arrives at the mature condition within 
herons, gulls, and other aquatic birds. As in most other entozoa, 
the segments do not develope into maturity imtil they have 
reached a suitable position, which is usually the intestine of some 
animal. Hence many individuals die without sexually produced 
progeny, in consequence of accidents preventing their following 
the requisite migratory course. Diphyuobothriun stemmacephalum 
is parasitic within the intestines of the porpoise. Tria^nophorv^ 
is now called Tricusjndaria, of which genus only one species, 
T. nodulosus, is known. 

The researches made by Krabbe on the entozoic parasites of 
Denmark and Iceland have brought out in strong relief a fact 
which has been indicated by previous observers. It is that the 

Srevalence of tosnoid worms depends largely upon the abun- 
ance of dogs, cattle, and sheep, relatively to the human popu- 
lation, and upon the degree of care with which the requisite 
sanitai^ precautions are carried out for preventing the access of 
entozoic larva) to these domestic animals. In Iceland they far 
outnumber the population, and this, together with the utter 
want of sanitaiy precautions, is connected with the great 

Srevalence of parasites in Iceland. The occurrence of houseless 
ogs in any country is a nuisance ; nay, more tlum this, it is a 
pest to society. These animals eat any garbage, and frequently 
become infested with parasites ; and these parasites are liable to 
be transferred to any one who has anything to do with these 
animals. A single dog may, imder favourable conditions, impart 
tapeworms to himdreds of individuals. Domestic dogs should 
be kept thoroughly clean, fed upon soimd meat, and prevented 
from drinking water which contains sewage, or which has been 
directly derived from superficial drainage. 

The order Trematoda comprises at least 400 species, which 
Cobbold arranges under five families, viz., the Monostomido!, 
DistomidcBy Tristomidas, Polystoniidce, and Gyrodactylidce, As the 
names indicate, the number of pores or oral suckers is mainly 
relied on as the family character. 
The Monostomidas nave a single anterior pore, a cliaitictcr 
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which is precisely the same as is assigned to the genus 
Monostoma in E. C. vol. ii. col. 575. The digestive system 
consists of an ODsophagus, from which diverge two large csecal 
canals, which sometimes end in two separate blind ends, but are 
sometimes blended together into an arch. The individuals are 
hermaphroditic There is a well-defined water vascular system, 
but the nervous system, although probably present, has not been 
detected. The young are produced oviparously, ovo-viviparously, 
and viviparously. The last mode has been seen in Monostoma 
mutabiU. In it the young leaves the egg shell as a ciliated 
embryo while still within its parent. The embrj'o developes 
by internal gemmation larvaB wnich have a form quite distinct 
from the enabiyo, and from the embryo's parent In this state 
the embryo leaves its parent, swims about for a while as an 
independent being, ana gives birth to the larvae within it. 
These encyst themselves, and develope the forms which were 
formerly grouped as the genus Cercaria. The actual transforma- 
tion of the Cercarim of this family into mature monostomes has 
not been traced ; but the phenomena observed in allied families 
fully support the supposed genetic relationship indicated. 
There are two genera, Monosiomaj Zeder; Neuratohothrium, 
Van Beneden, neither of which aflford human parasites. 

The Distomidce have two pores, situated as described under 
Distomay E. C. vol. ii. col. 575. The life history of the species 
of this family is remarkably curious, and has been fully 
investigated in Distoma militare. The sexually mature indi- 
vidual produces a number of eggs. Each egg undergoes the 
usual process of segmentation, ana gives origin to a free-swim- 
ming ciliated embryo. The embryo produces by internal gem- 
mation an organism called a sporocyst or a scolex. The sporocyst 
has traces of a head, and a ca^cal digestive tube running 
through the main portion of" the body. The caudal end is 
slightly bilobed. As growth proceeds, the head and body 
become more clearly defined, and the lobed condition of the 
posterior end is more clearly pronounced. A sucker soon after 
appears at the anterior end, and communicates by a passage 
with an oesophageal bulb, and through it with the digestive 
canaL At this early stage a number of Cercarice are formed in 
itA interior by gemmation. At first they are long oval masses, 
but they are soon provided with cephalic and ventral suckers, a 
rudimentary digestive system, a forked tail, and other features 
which occur in the adult IHstoma, When the Cercaria have 
escaped from the sporocyst, they have an oval sucker, a 
pha^rngeal bulb, an ccsophagus, two alimentaiy casca, a ventral 
sucker, a water vascular system, with which is connected a 
contractile vesicle, and a highly developed marginally fringed 
tail. In this state they swim about for a while, and tlien, 
after parting with their tails, they encyst themselves on 
or in the body of an aquatic mollusc or insect. The encysted 
larvae, or pupae as they are frequently called, acquire a series of 
cephalic hooks, and undergo other changes. The cysts are taken 
into the intestines of some vertebrate animal, and then other 
transformations occur. In this stage the creatures have a mouth, 
a cephalic sucker, a pharyngeal bulb, an oesophagus, digestive 
caeca, coronal spines, a contractile vesicle, an aquiferous system, 
the matrices of yelk forming glands, and a mass of cells, from 
which the reproauctive organs are subsequently differentiated. 
Other changes of considerable magnitude occur before the 
sexually mature condition is attained. As in other families, it 
appears that development only proceeds when the larval forms 
are transferred from a few demute species of animals to certain 
others. The Cercaria omata is the larval stage of Diatoma 
clavigerum; and Cercaria armata of Distoma emolobum. The 
genera belonging to this family are : — Fasdola, Linnaeus ; 
Uampula, Cobbold ; Distomay Zeder ; Dicrocalium, Dujardin ; 
Bilharzia, Cobbold ; Kollikeriaf Cobbold ; Crossodera, Duiardin ; 
Echinostcma, Dujardin ; Gasterostoma, Von Siebold ; iVedUa, 
Cobbold ; Codonocephalus, Diesing ; Eustemvia, Diesing ; 
Holostoma, Nitzsch; Heniistoma, Diesing; Diplostoma, Nord- 
mann ; Rhopalophorus, Diesing ; Amphistonia, Zeder ; Amphi- 
ptyches, Qriibe and Wagener ; TylodelphySy Diesing. 

The Tristomidm have the external appearance of leeches com- 
bined with the internal organisation of trematodes. They have 
two anterior suckers and a posterior one. The mouth is situated 
between the two anterior suckers, and communicates with a den- 
dritic intestine, the branches of which terminate caecally. The 
individuals are hermaphroditic, and the reproductive orcans are 
formed on the same type as those of other flukes. In their 
habits they resemble the marine leeches, attaching themselves 
as external parasites to fishes and crustaceans, generally selecting 
a phice on tne gills. Little appears to be known as to the mode 



of development in this family, but in the genus Udonella there 
appears to be very little polymorphism. The genera assigned to 
the TristomidcE are Tristoma, Cuvier; EpiMeUa, Blainville ; 
Udonella, Johnston ; EncotylUibef Diesing ; CalicotyUy Diesing ; 
Benedeniaf Diesing ; Notocotyle, Diesing. The genus Pseudocotyle 
of Beneden and Hesse appears to belong to this family, although 
it does not conform to the family as above defined. It has no 
anterior sucker, and the posterior one is not provided with hooks. 

The Polystomidte have several suckers, a ramified intestine, a 
trematode type of reproductive organs, a water vascular system, 
and an armature of prehensile hooks. The following genera 
belong to tliis family : — Polystoma, Rudolphi ; Plectatiophorus, 
Diesing ; Diclibothrium, Leucimrt ; Solenocotyle, Diesing ; Octo- 
hothrivm, Leuckart ; Axine, Abildgaard ; Onchotyle, Diesing ; 
Diplozoon, Nordmann ; Grubea, Diesing ; Cotylaspis, Leidy ; 
AsmdocotyUj Diesing ; Aspidogaster, Von Baer. 

The Gyrodactylidce are ectoparasitic animals, like the members 
of the last family, but unlike them its species have but one 
caudal disk, which is generally associated with one or many 
hooks, and a series of tentacles, all of which subserve a prehen- 
sile function. Each species of parasite is usually connned to 
one species of fresh-water fish. The greatest variation occurs in 
connection with the hooks. It embraces the genera Gyrodac- 
tylus, Nordmann ; DactylogeruSy Diesing ; Cakeostoma, Van 
Beneden ; Tetraonchus, Diesing ; Diplectanum, Diesing. 

Nearly one-third of the species parasitical in man belong to 
the order Trematoda. The first we will notice is Fasciola he- 
paticum, which is described as Distoma hepaticum in E. C. vol. ii. 
coL 575. It has not only been found in the gall-bladder, but 
also just beneath the skin in various parts of the body. The 
full-grown fluke sometimes contains as many as 45,000 eggs. 
Each egg developes into a free-swimming ciliated embiyo of a 
long conical form, with a truncate anterior extremity, a central 
proboscis-like papUla, and a bluntly-pointed posterior end. 
After a while the cilia are discarded, tne embryo changes to an 
oval form, and progresses by reptation only. Beyond this the 
development has not been followed, but it may be surmised that 
the embryo passes through the Cercaria and pupa stage before 
arriving at maturity. This species produces but little direct in- 
jurious effect upon man ; but it is tne cause of great mortality 
amongst sheep, hundreds of thousands of which have been thus 
carried off in a single year in England alone. 

Distama lanceolatum is of small dimensions, rarely attaining 
a length of half an inch, and a maximimi breadth of a line and a 
half. It is frequently met with in the sheep and ox, but it also 
occurs in red-deer, fallow-deer, rabbit, and cat. It is rare as a 
human parasite. Distoma ophtJuilmMiim, Some immature 
specimens of this species have been extracted from the lens of a 
young child. D, crassum has been found once only in a human 
subject. D, lieterophyes has occurred a few times as a human 
parasite. 

Bilharzia, This genus is represented by one human parasite, 
viz., B. hcematohiay which has been found in the blood-vessels of 
persons residing in Africa, as also of African monkeys. It is very 
common in Egypt, where, according to Bilharz, nearly one-half 
of the adults are more or less infested with it. 

Tetrastoma renale has been obtained from the kidneys of a 
woman resident at Capodimonte. 

Hexathyridium pimpiicola, described in E. C. vol. iL col. 575, 
as Polystoma pinguicokt, has not been recorded as a liuman 
parasite since Treutlef s observation. A second species, H, 
vev/irum, is, however, better known. Specimens were first 
obtained by Treutler from the blood of a young man ; subse- 
quently Delle Chiaje saw specimens in the saliva of two persons 
suffiering from haemoptysis, and Follina has noticed it in venous 
blood. 

Of the Acanthoce;ph€Ua little further need be said, as no human 
parasites belong to it. It still consists mainly of but one genus, 
EchinorhynchuSf which comprises about one hundred species. 
The individuals undergo metamorphosis, and pass through 
several animals belon^g to different species while progressing 
towards maturity. Lindemann has recently founded a second 
genus, Paradoocttes, for two remarkable species from the intes- 
tines of Strix passerina. 

The order Nematoidea is more numerous in species than 
any of the others, more than 800 having been describ^, 
altnough it is probable that of these not more than 550 are 
entitled to acceptation. Cobbold classes them in eight families, 
named respectively AnguiUulidce, Gordiidoi, OxyuriaUBf FilaridcBj 
CheiracanOUdcB, Ascaridce, StrongyUdce, and CucuUanidas. 

The AfiguUlulidas are found sometimes in vegetable matter 
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undergoing fennentation,and sometimes as parasites ¥dthin earth- 
worms, mollusks, the larvsa of insects, batrachians, and fishes. 
They appear to be endowed with the power of vitality after 
having Deen subjected to a thorough desiccation or remgera- 
tioD. Indeed it is said snecimens of AnguilhUa tritici nave 
revived after having been dried up for four years. The family 
embraces the genera Anguillula, Ehrenberg ; Pontonenuiy Leidy; 
EnopltLS, Dujardin; UrobcUes, Carter; AmblyurOf Hemprich 
and Ehrenberg ; OdontobiuSj Dujardin ; Diphgaster, Schultze ; 
Dorylaimus, Dujardin ; PhanogUne, Nordmann ; Dicelis, Du- 
jardin ; Phacelura, Hemprich and Ehrenberg ; L^toderoy Du- 
jardin ; Pontonemtiy Diesing ; luiciSy Lespes ; Nema, Leidy ; 
HenUpsilvSy Quatrefages ; Potamonema, Leidy. 

A most im}>ortant monograph of this family has been pub- 
lished by Bastian in the ' Transactions of the Linneon Society/ 
voL XXV., in which many new genera, and about a hundred new 

rcies are described. His list of genera is so much fuller than 
t of Cobbold that we give a tabular view of them here. 

I. — Land and Freshwater. 

Spicules two, equal, with or without a single posterior median 
accessory piece. 

♦ Integument plain, or with longitudinal markings. No ventral 

excretory gland, 
t Caudal sucker small. 

1. Pharyngeal cavity none. (Esophagus cylin- 

diicsl . monliystera, 

2. Pharyngeal cavity laige, with one upper tooth- 

like projection. Canal of cBsophagus indi- 
cated by three bright lines . . Moncmchus, 

3. Pharyngeal cavity cup-shaped ; no teeth ; oeso- 

pha^ having three lobes of termination. 

Trilobus, 
tt Caudal sucker absent. 

4. Pharyngeal cavity small, lone, and narrow. 

(Esophageal canal bounded by three bright 

lines Ironus, 

6. (Esophageal canal as in 4. Spear exsertile at 
its commencement . . . bort/laimiis, Duj. 

6. (Esopha^ with oval swelling at its termination, 

containing a single valvular apparatus. 

AnguilliUay Ehr. 
♦* Integument with transverse striae. Ventral gland present 
or absent, 
t Caudal sucker present. 

7. No pharyngeal cavity. (Esophagus with con- 

stricted portion at termination . . Tripyla, 

8. Pharyngeal cavity cup- shaped, with small homy 

plates at bottom. (Esophagus with Large 
muscular swelling at midale of its length. 

DvplogasUTy Sdiultze. 

9. Pharyngeal cavity long and narrow. (Esophagus 

with oval swelling at its termination, wiUi 
complex valvular apparatus. Ventral eland 
opening by twisted duct near middle of 
oesophagus Plectus, 

10. (Esophagus terminating in a large roimd muscu- 

lar swelling. Ventral gland opening posterior 
to termination of oesophagus . Aphdtnchnu, 
ft Caudal sucker absent 

11. (Esophagus with rounded swelling posteriorly, 

containing a simple valvular apparatus. Ven- 
tral gland opening as in 10. Males with 
caudal alae G&Dhcibhus, 

12. (Esophagus with rounded swelling about its 

middle. Ventral gland opening as in 11. 
Caudal alae narrow, unsupported Tylenchus. 

13. Pharyngeal cavity cylindrical. CEsophagus with 

elongated swelling at middle, and a rounded 
one at termination, as in 11. Caudal alse 
large, supported by rays . . BhdbditiSf Duj. 

II. — Marh^e. 

Spicules two, equal, solitary or with 1, 2, or 4 accessory pieces. 
Occasionally a single supplemental oigan in ventral region above 
anus. Ventral excretory gland present in all (?). Caudal sucker 
universal. 

* Integument plain, or with longitudinal markings ; oesophagus 

embraced by glandular (?) rinc. 
t Spicules solitary, or with a sin^e posterior median piece. 



14. Pharyngeal cavity long, complex, crossed by lines 

or bars, with a funnel-shaped body on its 
inferior aspect Symplocostoma, 

15. Pharyngeal cavity large, with three tooth-like 

projections Oncholaim'us, Duj. 

16. Pharyngeal cavi^ none . . Enchelidum, Ehr. 

17. Integument having a row of opposite setee on 

dorsal and ventral surfaces. Ocelli none. 

Anticoma, 

18. Pharyngeal cavity small. Ocelli distinct and 

lateral Phanoderma. 

ft Spicules having two e^ual accessory pieces. 

19. Pharyngeal cavity none. Ocelli distinct, dorsaL 

Excretory glandular organs two, opening on 
either side of the head . . . LeptosonuUum, 

20. Pharyngeal cavity indistinct, surrounded by three 

separate teeth. Ocelli not distinct. No oesopha- 
geal ring, and integument with delicate tx^s- 
verseaswellaslongitudinal striae. Enopltis,DvL}, 

21. Pharyngeal cavity cup-shaped. (Esophagus en- 

larged behind pharynx. Anal glands large. 
Accessory pieces recurved , . Linhonueus, 
** Integument with transverse striae or dots. No oesophageal 
ring. 
+ Ocelli absent. 

X Uterus unsymmetricaL 

22. Pharyngeal cavity absent. No vaginal glands, 

Tdchyhoditfs, 

23. Pharyngeal cavity hemispherical ; vaginal glands 

two, unequal Thmstus, 

24. Pharyngeal cavity large, somewhat spherical. Va- 

ginal gland single, posterior . bphcerolaimn^. 
Xt Uterus symmetricaL 

26. Pharyngeal cavity very small. Spicules with 
or without a very small posterior accessory 
piece ComesoTna, 

26. Pharyngeal cavity none. Spicules stout, curved, 

with two accessory pieces .... Spira, 

27. Pharyngeal cavity none. Teeth doubtfuL Spi- 

cules as in 26 . . • . Odontobius, RousseL 
tt Ocelli present or absent. 

28. (Esophagus cylindrical. Accessory pieces strong, 

in two pairs vyatholavmus, 

29. CEsophagus having well-marked swelling pos- 

teriorly. Accessory pieces two, ratlSr in- 
distinct Spiliphera, 

30. Pharyngeal cavity rather indistinct. Accessory 

pieces two, strong, hooked . . Chromadora. 

The Gordiidof are filiform, and are provided with a mouth and 
intestinal canal, which latter terminates csecally ; and in some of 
the species the digestive system is even more rudimental than is 
indicated here. Thus Filaria rigida and Sphcsrularia hoTnhi are said 
to have no intestines at all. The sexes are distinct. The genera 
belonging to this group are Gorditts, Linnaeus ; Mermis, Dujardin 
and Siebold; Adcuhy Renier; Dra,cunculu8, Lister; Sphcertilaria, 
Dufour ; and AnauilliTia, Hammerschmidt. 

The OxytuidasD&ye fusiform bodies, a rounded oral aperture, 
a triquetrous or three-cornered oesophagus, and a highly developed 
nervous system. The genera assigned to this familhf are, Oxyuris, 
Rudolphi; PtychocephaliLS, Diesing; Pharynaodon, Diesing; Mas- 
tigodeSf Zeder; Heterahis, Dujardin; StAulurOy Molin; Cosvruh 
cerca, Diesing; Thelastoma, Leidy; Streptostomum, Leidy; and 
AUodapa, Diesing. 

The principal genus of the Pilaridcg has been the resting place 
of many species of entozoa which have little relationship with it 
beyond a similarity of outward form. Hence the definitions 
which have been given of it have been sufficiently diversified. 



Cobbold would apply the family title to aU those nematoids 
which have the " body filiform, smooth, or finely striated trans- 
versely, furnished with a simple round or triangular mouth, 
generally surrounded by a variable number of papiUae ; head con- 
tinuous with the body, anus terminable or nearly so, tail of the 
male obtuse, bluntly pointed or slightly expanded, penis consist- 
ing of a long spiculum, which is often accompanied by a short 
accessory piece. As thus defined, it would include the following 
genera '.—MonopetcUonemOy Diesing ; Gongyhnemay Diesing ; Dp- 
cheUonema, Diesing; Tricheilonema, Diesing; Tetrcu^ieiUmema, 
Diesing; Filaria, Mtiller; DrocMncuZiw, Kaempfer; IchOvyonema, 
Diesing ; DipetalonerMiy Diesing ; Solenonema^ Diesii^ ; Filaroides, 
Van Beneden ; Trichoeomay Dujardin ; Captllariay Zeder ; Tric(h 
cephalus, Dujardin; Onch(yphora, Diesing; TiiamiiiXy Dujardin; 
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Eucoleus, Dujanlin; Calodium, Dujardin; LiniscuSf Dujardin; 
Sclerotridmnif Rudolphi ; Onchocerca, Dieaing ; Trichina, Owen ; 
Eucamptus, Duiardin ; Prokptus, Dujardin ; Simojidsia, Cobbold ; 
Spirura, Blancnard and Leidy ; Dispharag'us, Dujardin ; Tropi- 
docerca, Diesins ; Spiropterinaf Van Beneden ; Cheilospirura, 
Diesing ; and rIvysocephaluB, Dieaing. 

CheiracanthidcB \a the name ^ven to the nematoids which have 
the head diatinctly marked on from the body, a spiny integu- 
ment, and one or two spicula. The genus Heterocheilus (Dieaing) 
is referred to this family, although it has no spiny deyelopments 
on the skin. The other genera belonging to the family are 
Cheiracanihus, Dieaing ; LiorhynchuSy Budolphi ; LecanocejmUuSf 
Dieaing ; Av^:yracanthv>s, Dieaing ; Aspidocephalus, Dieaing ; 
Echinocephal'us, Molin ; Hystrichis, Diesing ; Hystrignathus, 
Leidy ; Gonocephalus, Diesing ; Ancyracanthcpsis, Diesing ; Eta- 
phocephahis, Molin ; Stenodes, Dujardin ; CosmocephaluSf Molin. 

Ascaridcp. The sjpecies which Cobbold conaiders ought to be 
placed in thia fanuly are thoae which have a trivalved oral 
aperture, and the males of which have a double spiculum. The 
body tapers towards either extremity, its surface being marked 
with transverse striations, and two or four longitudmal lines, 
which correspond with the water vascular and nervous systems. 
The sexes are sometimes equal, and sometimes inequal, in size ; 
in cases where inequality exists it is the male which is the 
smaller. For example, the sexes of Ascaris lumbricoides are both 
150 mm. in len^h ; in ^. mystax the female ia 200 mm. long, 
and the male only 90 mm. ; and in A, quadrangularis the female 
measures 150 mm. and the male but 67 mm. The family in- 
cludes the genera Ascaris, Linnaeus ; HetcraJds, Dujardin ; 
Heli^ius, Dujardin; Periirachelius, Diesing; Acanthocheilus, 
Molin; Crossophorus, Hemprich and Ehreiu)erg; Atractis (i), 
Duiardin ; Ozolaimus, Dujamin. 

The Strongylida: are round, filiform, and long in shape, possess 
a round, ovaJ, or triangular mouth, which is sometimes provided 
with an armature on the pharynx, consisting of one or several 
meces, and comprise the genera Strongylus, Miiller ; Undnaria, 
troelich; EustroTigvlus, Diesing; ScUrostoma, Rudolphi; Dock- 
mius, Dujardin; Prosthecosacter, Diesing; Stenurus, Dujardin; 
Diaphanocephalus, Diesing; Stephanurus, Diesing; Dektrocepha- 
lus, Diesing ; Dicentrocephalus, Wedl. 

The GtuiulUmidoi are cloaely allied to the previous family, but 
differ from it in not possessing a bursa, and in having a dif- 
ferently shaped mouth. The head is broad and obtusely rounded 
in front, the pharynx is bivalvular, and there is usually a preanal 
sucker. The genera are Cuoullanvs, Miiller ; Angiostoma, Du- 
jardin; DocTii^i^, Dujardin ; Flev/rorhpichvs, Naudyn; Ophios- 
toma, Rudolphi ; Eictulariay Frolich ; Hedruris, Nitzsch ; Sym- 
plecta, Leidy ; Stelmius, Dujardin. 

The Nematoid order affords twelve species which are parasitic 
within the human frame, to each of which we will devote a few 
remarks : — Ascaris lumbricoides is now generally considered to 
be distinct from the allied worm which imests the horse and hog. 
The former is known as A. megalocq>hala, and the latter as 
A, suilla. In A. lumbricoides the mouth consists of three lobes 
or papillae, which have a number of denticles on their internal 
sunaces, and which act together to form a single sucker. It 
leads to a large and muscular oesophagus, which is separated by 
a constriction from the rest of the digestive canal This canal 
terminates in a cloacal cavity, which communicates with the 
external medium by means of a transverae slit near the ex- 
tremity of the body. The skin presents a series of longitudinal 
and oblique lines which have frejiuently been regarded as 
muscular fibres ; but Cobbold, Bastian, and others tSdnk they 
have nothing to do with the muscular system. In the present 
species this system consists mainly of four longitudinal bands. 
01 which two are dorsal, and two are ventral The general 
cavity of the body contains a number of loose parenchymatous 
cells, which are generally bathed in a red-coloured nutritive 
fluid. Little that is defiiiite and trustworthy has been ascer- 
tained respecting the nervous system. According to Schneider 
the allied species A, megalocef^hcUa has a ring near the oral 
aperture, from which ring six nerves pass on in a forward 
direction ; while two larger nerves take a backward course, but 
they are soon lost in the tissues of the body. Asca/ris mystax is 
a worm which has long been known as a parasite in the cat, but 
it is only recently that it has been established that this species 
is the aame as the human parasite, known under the name A» 
alata. It is distinguishable by the wing-like appendage on 
either side of the head. The male rarely exceeds a length of two 
inches and a half, while the female ia generally upwards of four 
inches. The male has a tendency to assume an arcuate form, 



the tail being more curved than the body ; the female shows 
the same tendency, but in a less marked degree. Trichocephalus 
dispar. The capillary portion alluded to in E. C. vol. ii. coL 577, 
is me narrow anterior end of the body. The species appears to 
be very frequent in France, for, according to Davaine, at least 
one half of the inhabitants of Paris are infested with it. In 
England it seems to be comparatively rare. Filaria lentis. 
This is the same as the species named F. oculi hvmani in E. C. 
vol. ii. coh 576. Several cases of its presence in the eye have 
been recorded since Nordmann's observations were published, 
but as all the specimens have proved to be immature, it is not 
improbable they may repreaent several distinct species ; at any 
rate there are no good grounds for accepting them as specifically 
identical. F, tracheahs is the larval form of some unknown 
species, probably of Ascaris, which has been met with in the 
trachea of a patient Trichina spiralis is one of the few nema- 
toids which nas been subjected to a thorough study. It has 
been popularised by repeated exhibitions under the microscope 
at our evening soirees, and by numerous pamphlets and memoirs, 
of which the most important are, Leuckart s * Untersuchuncen 
iiber Trichina spiralis,* 1860 ; Virchow's ' Darstellung der Lehi'e 
von der Trichmen,' 1864; Althaus's * Essay on Trichinosis,' 
1864 ; Pagenstecher's * Die Trichinen,' 1866. In addition to 
these there are a host of papers scattered through numerous 
scientific and medical periodicals. Cobbold describes it as " an 
extremely minute nematode helminth, the male in its fully 
developed and sexually mature condition measuring only the ^th 
of an inch, whilst tne perfectly developed feinale reaches a 
length of about |th of an inch ; body rounded and filiform ; 
usually slightly bent upon itself, rather thicker behind than in 
front, especially in the males ; head narrow, finely pointed, 
unarmed, with a simple central, minute oral aperture ; posterior 
extremity of the male with a bilobed caudal append^e ; the 
cloacal or anal aperture being situated between these divergent 
appendages ; penis consisting of a single spicule, cleft above, so 
as to assume a V-shaped outline ; female stouter than the male, 
bluntly rounded posteriorly, with the genital outlet placed far 
forward at about the end of the first fifth of the long diameter 
of the body ; eggs measuring i^th of an inch ; mode of repro- 
duction various? This description refers to the mature entozoon, 
while that given in E. C. voL iL col. 578, applies to the imma- 
ture state only. The adult Trichina dwelliB in the muscles of 
the same animala as carry the larvae, and amoncst such bearers 
there may be mentioned in addition to man, the dog, the cat, 
the rabbit, the rat, the mouse, the guinea pig, the horse, ox, 
sheep, and other ruminants. The embryos, after leaving their 
parents, which generally take up their quarters in the intestines, 
make their way into the muscles of their host, and seldom stop 
in any non-muscular tissue. Leuckart's view respecting the 
Trichma spiralis is that it is the juvenile form of a fittle round 
worm for which the name Trichma should be retained, and that 
this mature form inhabits the intestinal canal of man and other 
mammalia. The Trichina: attain maturity within two days of 
their introduction into the intestines. The eggs are developed, 
while yet within the parent, into FHaria-Uke embryos, which are 
bom on the sixth day. When liberated they penetrate through 
the intestine and the abdominal cavity into some muscles. They 
generally follow the course of the int^r-muscular connective 
tissue, and the majority stop in the muscles which are nearest 
^e abdomen and thorax. In fourteen days after having settled 
down in a muscle the larva has acc^uirea the size and stage of 
development presented by the Trichvna spiralis in iia best known 
state. The worm acts upon the muscular tissue, and causes its 
fibrillae to granulate, its corpuscles to change into oval nucleated 
cells, and subsequently its sarcolemma to thicken and shriveL 
The space occupied by the parasite acquires a spindle-shaped 
outline, and ¥athin it the entozoon encysts itself within a 
globular calcified cyst Serious conseauences sometimes result 
urom the simultaneous migration ot a large brood of Trichinof ; 
thus peritonitis is brought about by the perforation of the intes- 
tinal walls ¥dth thousands of holes, paralysis results from the 
destruction of the muscular fibres, and general debility is some- 
times produced by the myriads of minute worms draining off 
the nutritive fluios of the individual for their own support. 
Indeed these tiny creatures induce a special form of disease, 
w^hich has been designated Trichiniasis, Although the life 
history of this species has not been followed out, there can 
be little doubt that the pig plays an important part in keeping 
up the stock, and in imparting Trickma to numan beings. 
Hence it will be seen how important it is for the public health 
that pigs, and indeed most domestic animals, should be sub* 
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jected to strict sanitary regulations. The case will perhaps be 
rendered clearer if we mention that one individual may harbour 
thirty miUiona of TrichiruBy and if we quote the following 
remarks from Dr. Gamgee, which indicate how people may 
become attacked by trichiniasis, as well as how they may 
guard against it "It is interesting to observe that parasitic 
maladies in the pig specially abound in that section of the 
United Kingdom where swine live most amongst human beings. 
The Yorkshire and Berkshire pigs, in their native counties, 
inclosed in the farmyards of their breeders, are free from worms 
which are likely to live in the body of man. The Irish pig 
is the one most commonly injured oy Entozoay and the reason 
for this is evident when we know how much the cottager 
relies on rearing a porker, which is permitted the free range 
of house and road, where every description of filth is devoured, 
charged with the ova of parasites expelled by man, or some 

of the lower animals The conditions under which 

we live in the British isles are certainly much less favourable to 
the propagation of worms ; but we disregard, in our ignorance, 
the most common precautions to protect ourselves from loathsome 
diseases, and not only permit dogs to eat any kind of offal in and 
around slaughter-houses, but sanction the existence of piggeries, 
where all kinds of garbage charged with worms or tiieir eggs 
are daily devoured by swine. The majority of germs calculated 
to engender parasites are to be found in abundance in the con- 
tents of the alimentary canal of human beings and domestic 
([uadrupeds. If pi^ are permitted to eat these, as in Ireland, or 
in many British piggeries, we must expect hams, bacon, and 
pork sausages to be cnarged with the embryonic forms of human 
Entozoa. Whereas in Iceland the dog is the victim of human 
negligence, and, en revanche, the cause of human disease, in 
the British isles the pig holds this unenviable position. The 
more, however, we learn of parasitic diseases in man, the better 
we can imderstand how even the underdone roast beef of Old 
England may prove to us poison as well as food, and how the 
dog or the cat we pet may indirectly shorten our days. We have 
good reason to believe, with Moses, that the pig is an unclean 
beast ; but without discarding him from the scanty list of 
animals to be eaten, it is evident that we can purify the race of 
swine, and thus prevent human as well as porcine maladies." 
Strongylus bronchuUu is the name given to the species described 
in the E. C. vol. ii. coL 576, as Filaria bronchialis, as it has been 
shown that the species so named is identical with Strongylus longe- 
vaginatusy and nence really belongs to the genus Strongyltu, 
Eustrongylus gigas is the name by which the Strongylus gigas of 
the E. C. vol. ii. col. 577, is now known. Sclerostoma dtLodenale 
is a common parasite in Italy and Egypt, Oxyuris vermicularis, 
noticed in E. C. vol. ii. coL 578, as Ascaris vermictUariSy is espe- 
cially abundant in children, but it also occurs in persons of all 
ages. The Guinea worm, which is referred to in E. C. vol. ii. 
col. 576. as Filaria medinensisy is now denominated DracunciUus 
medinensis, but as yet only the female has been discovered, and 
she developes the young viviparously. From this circumstance 
we can understand in part why so much caution is required not 
to rupture the worm while extracting it It ought also to induce 
practitioners to bum the worm, and not simply to throw it 
away, since the embryos are capable of retaining their vitally 
imder very adverse circumstances, such as desiccation. It is 
during the rainy season that the Guinea worm is liable to be 
taken into the system, since the embryos swarm in all the places 
where water stagnates, such as ponds, wells, reservoirs, damp 
mould, and mud. The females appear to penetrate through the 
ducts of the skin, since it has been observed that it usually 
occurs in the legs and feet, which parts are frequently left bare 
by sailors in warm latitudes, and in the shoulders of the Indian 
water-carriers, who usually carry the water-skins on their backs. 
M. Guy on and the inhabitants of the coim tries where this parasite 
is most abundant believe that the worm is introduced by the 
alimentary canal. This, no doubt, may be the case in some 
instances, but not in all, nor probably most of them. Dracun- 
cuius Loa is a species found in the conjunctiva of negroes dwell- 
ing in the Congo and Gaboon districts, but it is also frequently 
met with in the West Indies and Brazil, where it may have 
been introduced from Africa by imported slaves. 

There are a few species of internal parasites which do not 
belong to this class, but of these we need say nothing. Nor is 
there any occasion to allude to the spurious Entozoa, We may, 
however, notice that the Spiroptera hominis [E. C. vol. ii. col. 
577] is not a human parasite. The species so named is the 
Filaria pigciumy which naturally occurs in the haddock. The 
ova-like bodies which were passed by the poor woman of St. 



Sepulchre's Workhouse have been ascertained to be the eggs oi 
some fish, probably of the haddock, and with these were asso- 
ciated fragments of the ovisac There can be little doubt that 
these objects had been artificially introduced into the urinary 
canal for purposes of deception. 

Sphoenuaria bonibi is a remarkable entozoon which infests 
various species of Bondms, especially J5. terrestris. In the 
youngest stage observed by Sir J. Lubbock, who has done more 
than an^r other individual to advance our knowledge respecting 
this species, the male was about j^th of an inch in lengtli, and 
the female somewhat shorter, or about j^th of an inch. Tlie 
full-grown male is very little leader, but the mature female is 
nearly an inch long, so that the inequality of the sexes is pro- 
bably greater in mis than in any other species of entozoon. 
Schneider's mode of grouping the genera of this order differs 
essentially from Cobbold^, and his * Monographie der Nema- 
toden ' is the most important recent monograph upon the subject 
to which it relates. It may be useful to give his scheme : — 

I. PoLTMiARii. Muscles of the body, consisting of numerous 
cells, arranged closely and one behind the other. 

1. Ascarts, Rudolphi Two symmetrical spicula ; 20 and 
more preanal papillse. 

2. EustrongyliLs, Diesing. A spiculum (?) ; bursa cup-shaped. 

3. Enoplusy Dujardin. Two symmetricad spicula ; Lx)dies of 
both male and female with many papillsB ; tne papillso of the 
tail of the male passing into the hoay papillsB. 

4. Physalopteray Rud. Two unsymmetrical spicula ; bursa 
closed, heart-8hax)ed, surrounding the apex of the tail ; a single 
papilla for the anus ; 10 papilho, all constant 

5. Heterakisy Duj. Two unsymmetrical spicula; male with 
a sucking disk at the anus ; 3 large preanal papillae. 

6. Filaria^ Muller. Two symmetrical spicula; 4 preanal 
papillae. 

7. AncyracanthuSy Diesing. Two unsymmetrical spicula ; 15, 
16 or 20 preanal papilloe, singly or in pairs, arranged m rows. 

8. Hearuris, Nitzsch. Two unsymmetrical spicula ; 2 preanal 
papillae. 

9. Ceratospiray Schneider. Two unsymmetrical spicula ; 
11 (?) preanal papillae. 

10. CucullanuSy Mull. Two symmetrical spicula ; 7 preanal 
papillae. 

11. Meromyaru. Muscles of the body, consisting of eight 
rows of cells, placed one behind the other. 

11. NematoxySy Schn. Two symmetrical spicula; male and 
female with many papilLs over the whole body ; tlie tail papillae 
of the male passing into the body papillae ; vagina with spnincter 
muscle. 

12. Oxysomay Schn. Two symmetrical spicula, 3 large con- 
stant preanal papillae ; vagina with sphincter. 

13. Oxyurisy Kud. One spiculum ; bursa present or absent ; 
vagina with sphincter. 

14. Labiduris, Schn. Two symmetrical spicula ; tail papillao 
of the male lengthened out into a kind of forceps. 

15. Dermatoxi/8, Schn. No spiculum ; bursa broad. 

16. Atractis, Duj. Two unsymmetrical spicula; 3 preanal 
papillae. 

17. Spiroxis, Sch. (No characters are given.) 

18. StrongyluSy Rud. Two symmetricca spicula ; bursa closed 
all round, forming a funnel ; all the papillae with costee ; the 
six anterior papillae constant, the first single, the second and 
third forming a knot, the remainder single ; vagina with long 
muscles. 

19. PeloderOy Schn. Two symmetrical spicula ; bursa always 
present, surrounding the extremity of the tail ; 4 or 6 preanal 
papillae. 

20. Zeptoiera, Duj. Two symmetrical spicula ; bursa wanting 
or not surrounding the extremity of the tail ; 3 preanal papillae. 

III. Either no muscles, or when present, running in a k)ngi- 
tudinal direction. 

21. Anguillulay Ehr. Lateral bundles; a main median line ; 
two symmetrical spicula; bursa broadened anteriorly, with a 
rounded edge, posteriorly obtuse. 

22. Trichina, Owen. Lateral bundles; median line; no 
spiculum ; bursa with a double knot 

23. TrtchosomOy Rud. Lateral bundles and main median 
line (secondary ? ) ; a spiculum ; sheath of the spiculum closed 
with a lid ; bursa. 

24. Trichocephalusy Gkize. No lateral bundles ; main median 
line ; a spiculum ; sheath of the spiculum clos^ with a lid ; 
no bursa. 

25. Peeudaliusy Duj. Lateral bundles; all have maiO; and 
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some also have Becondary me<lian lines ; two symmetrical 
spicula ; bursa twice forkea, spoon-shaped, or wanting ; several 
papillsB. 

26. Ichthyonema, Diesing. Lateral bundles; main median 
line ; no anus ; two imsjmmetrical spicula ; tail end of male 
truncate. 

27. Mermis, Duj. Lateral bundles ; main median line ; 
secondary back lines ; no bursa ; two symmetrical spicula ; 
bursa widened ; 3 or 4 rows of papillae before and behind the 
anus. 

28. Gordius, Muller. No lateral bundles ; no ventral line ; 
no anus ; no mouth (?) ; no spicula ; bursa twice forked. 

99, Sphcsrulariaf Dniour, No characters are given. Schneider 
says it resembles no other Nematoid, and is evidently doubtful 
as to its really belonging to the order. 

Before closing this article, we ought not to omit to mention 
that Diesing has contributed a series of memoirs to the 
* Sitzungsbenchte der Akademie Wissenschaften der Wien,' 
which bear principally upon the classification of the Entozoa, 
His arrangement is based upon purely artificial principles. The 
papers embody the results of an immense amount of research. 

(T. S. Cobbold, Entozoa, 1864 ; R. Leuckart, Die Menschlichen 
Parasitm, vol i. 1864 ; vol. ii. 1867.) 

EOCENE [E. C. vol ii. col. 578 ; and Tertiary System, 
E. C. vol. iv. col. 1044]. The name given to a period of past 
time, and to a series of stratified deposits which were accumulated 
during that period. The strata to which we allude occur in 
patches and streaks in the neighbourhood of London, in Hamp- 
shire, around Paris, in Belgium, Switzerland, Prussia, Austna, 
Italy, Turkey, India, the Philippine Islands, North America, 
and other localities. The beds are varied in composition, of 
considerable aggre^te thickness, and in many places contain a 
profusion of oi^amc relics, belonging to marine, lacustrine, and 
terrestrial species. They are the oldest deposits known belong- 
ing to the tertiary formation, and yet the creatures whose remains 
they inclose were almost entirelv different, specifically, from 
those which flourished during the deposition of the latest 
formed secondary rocks hitherto detected. The eocene beds 
generally rest unevenly upon the strata beneath them, a phe- 
nomenon which geologists designate unconformability, and 
which they look upon as a manifestation that a period of time 
elapsed between tne formation of the older and newer beds. 
What number of years this gap, or break in the continuity of 
sedimentary deposit, represents, there is no practical way of 
deciding, but one feels that it must be consiaerable from the 
great alteration which has taken place in the character of the 
fauna. When the stratigraphical distribution of the fossils of a 
series of beds, which do not present a high degree of unconfor- 
mitjr amongst themselves, is studied, it is observable that the 
species seem to vanish and appear either singly or in small 
groups, especially when regard is had to strata representing 
nearly the same conditions. Concomitantly with this gradual 
change in the fauna is a blending of the beds of one character 
with those of another ; so that the appearance of the clays is pre- 
ceded hj sands, limestones, &c., with more or less of argillaceous 
matter m them. But when we pass from the highest chalk to 
the lowest eocene beds all the ola species have disappeared, and 
the newer beds rest irregularly upon older deposits. The sea 
areas of the secondary period were evidently very different in posi- 
tion, and form, and size from those of the oldest tertiary, for the 
eocene beds rest sometimes upon chalk, sometimes on the oolites, 
and sometimes on palaeozoic strata. This contrariety of distri- 
bution and specific forms is not the result of some cataclysmic 
action, but is indicative of a thick series of beds which are not 
represented in the areas hitherto examined between the chalk 
and the eocene beds. These gape generally mark the spots 
where the surface was subjected to subaerial conditions, and if 
such surfaces were not land they were subjected to the action of 
waves, and waves can only denude between wind and water. 
Hence, it may be said, that these gaps represent time ; for if the 
intermediate beds were ever deposited they have been swept 
away again, an operation which involves time ; and if they have 
not been deposited where we see the gaps then the boundaries 
of the old seas must have altered very considerably, which ope- 
ration also implies time. Qaps of a similar character but of far 
less proportion occur between the subsidiary groups of the 
eocene series, but generally they can be correlated with inter- 
mediate deposits on another area. The fluctuation of the land 
and sea during the eocene period is well shown by those gaps 
as well as by a consideration of the oldest eocene beds of each 
district. 
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The eocene beds are generally arran^ in three groups, 
termed respectively, the lower, middle, and upper eocene. Tne 
lower eocene beds are fully developed in tne London basin, 
while those which form the upper eocene of Lyell are best dis- 
played in Hamp^ire and the Isle of Wight 

In the London basin the lower eocene strata rest upon chalk, 
the surface of which is almost everywhere covered with a thin 
band of argillaceous greensand in which are a number of flints 
of a dark or green colour, and both unworn and uncorroded. It 
is very persistent, and indeed is the only bed which is conter- 
minous with the basin. This bed does not seem to be a strati- 
fied deposit, but rather the result of the action of waters which 
have percolated through the superincumbent detritus to the 
chalk Deneath, of which they have carried away the soluble 
parts and left the insoluble in place. A layer of analogous cha- 
racter, that is, one which consists of what may be the insoluble 
residue of chalk, is found wherever the chalk is covered by per- 
meable deposits. It is a question what the age of this bed may 
be. Some think that it may represent the result of subaerial 
denuding agencies prior to the laying down of the superjacent 
tertiaries; but this view is not generally acquiesced in. Another, 
and the more probable, view is that the bed has been of gradual 
formation durmg and after the deposition of the overlj'ing strata. 
Excluding this bed the oldest tertiaries in the London basin are 
the Thanet beds, whose composition is generally sandy, but not 
always, as the term Thanet sands usually applied to them in- 
duces one to suppose. At Powell bay the green-coated flints 
are succeeded by some bands oi day and loam, which thin out 
and are lost towards the west It passes upwards into a sandy 
marl, which forms a conspicuous feature to the east of Canter- 
bury, since it attains a tnickness of forty or fifty or more feet 
It is usually hard, of a slate-grey colour when fresh, but 
brownish-yellow when weathered, and, in places, abounds in 
fo£»ils. It becomes more sandy towards the summit, and thins 
out rapidly towards the west, no trace of it being discoverable 
beyond Rochester. The next and uppermost bed, mto which the 
last-mentioned passes, is a fine slightly greenish or light grey 
sand which is interstratified in places with bands of a calcareous 
sandstone. It contains a few fossils and, like the lower beds, 
thins out towards the west, and disappears short of Rochester. 
It will then be seen ^at the marls, sands, and loam, which form 
the Thanet beds east of Canterbury to a thickness of more than 
ninety feet, and which thin out towards the west, do not extend 
beyond Rochester ; and yet Thanet beds are known much fur- 
ther west This is explained by an intermediate bed which first 
commences near Canterbury between the sands and loam below 
and the sandy marl above. It is a fine buff sand, which first 
thickens in advancing westwards, ultimately replaces all the 
other beds, and then fades away again. Thus, near Canter- 
bury it is but a few feet thick, near Sittingboume it is thirty 
feet, while the other beds are about fifty feet thick ; at Upnor it 
is sixty feet^ and the other Thanet beds are entirely absent ; at 
Woolwich it is about fifty feet; at Lewisham it is less than 
forty ; beneath London it is about five and twenty feet ; and it 
is entirely absent west of the metropolis. 

The next series of strata are the Woolwich and Reading beds. 
These, like tiie preceding set, are heterogeneous in composition 
both vertically and horizontally. The lowest stratum (1) is not 
developed in the extreme east of Kent ; but near Canterbury its 
proximity is indicated by the lower portion of the sands which 
there rest upon the Thanet beds being green, somewhat clayey, 
and slightly pebbly. Farther west the pebbly greensand be- 
comes well defined as a distinct stratum, naving a thickness of 
about a foot in the Rochester and Sittingboume districts ; still 
more to the west it thickens, and between Qravesend and Lon- 
don its vertical dimensions vary from three to upwards of fifteen 
feet The thickness does not increase uniformly, changes occur- 
ring rapidly within short distances ; but in the main the bed is 
more massive in the west than in the east. West of London it 
passes into a dark clayey greensand and into grey laminated clays 
with a few green grains. The next stratum (2) in ascending 
Older appears in the easternmost portion of Kent as a fine sana 
which rests upon the Thanet sands, which it closely resembles 
in appearance. In advancing westwards it acquires a grey, or 
yellowish, or greenish tint, the grains become coarser, and the 
materials are much false bedded ; which characters mark it off dis- 
tinctly from the underlying Thanet sands. In more western areas, 
as beyond Canterbury, it is still more decisively separable from 
the Thanet sands by the interposition of the pebbly greensand 
already noticed, and by lithological mutations. These changes 
have not been rigorously settled ; but are inferred from 
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Btratigraphical considerations. Thus, at Woolwich, tlie pebbly 
greensand supports sand ; at Lewisham it supports a greenish 
pebbly loam ; under or close to London a mottled clay occupies 
Bus position ; and west of London this clajr, which is more or 
less sandy in places immediately underlies the similar plastic clays, 
which will be again mentioned presently. Between Woolwich 
and London these variously constituted beds are overlain by the 
estuarine sheUy deposits (4) which form a well-marked horizon 
across the country. In one or two places a thin bed (3) inter- 
venes, which will next be adverted to. It consists, in the east, 
of a piale purple grey sand concreted in places into hard nodules, 
and 18 seldom more than three inches thick. Near Canterbury 
and at Shottenden Hill it is the uppermost of the Woolwich and 
Beading series. It is not seen near Sittingboume, but at Upnor 
it appears to be represented by the sand, which is whitish 
above and purplish oelow, which comes in between the sands 
(2) and the shell beds (4). It does not occur at Plumstead 
Common where the lowermost only of the Woolwich beds is 
present, the remainder having apparently been denuded away. 
At Woolwich is a layer of hard concretionary limestone, which 
occupies the position of, and probably represents, this stratum ; 
a remark which also applies to the clay with calcareous concre- 
tions at Lewisham. No trace of it has oeen recorded to the west 
of Lewisham. The shelly bed (4) commences in the east near 
Sittingboume, and can be followed almost continuously, there 
being a break around Plumstead, as far as London, but beyond 
this it has not been discovered. It is composed of dark laminated 
clays, interstratified in places with sands, and is best developed 
near Chiselhurst, where its thickness is upwards of twenty feet. 
The uppermost bed (5) is not seen near or east of Canterbury, 
Near Sittingboume it is a light-coloured sand, and is traceable 
for many miles to the west. It has been subjected to much 
denudation, and this may be the cause of its absence in east 
Kent. It is to be seen at Upnor, and near Gravesend. but is 
absent on Plumstead Common, owing no doubt to denuda- 
tion, for it again appears near Woolwich with a highly eroded 
surface. At Lewisham the highest stratum of this series con- 
sists of alternations of clay and sand, but it is doubtful if it is 
the continuation of the Woolwich sands. Under London the 
place of this stratum (5) is occupied by plastic clays and sand, 
which are brought down (west of London) upon tiie plastic clays 
below the shell bed, by the disappearance of the intermediate 
deposits. 

Between the Woolwich beds and the London clay is a series of 
strata which Mr. Whitaker has proposed ^ould be grouped 
together as the Oldhaven beds. It consists of three beds. The 
lowermost ^1) is to be seen at Upnor, where it occurs as a pale 
greenish-yellow shelly sand, distributed in patches owing to 
portions having been swept away. Next comes a sandy peoble 
Ded (2), with fossils, which, however, is so inconstant in the 
nature of its material and the character of its fossils that it is not 
certain that all the pebbly beds in Kent which occupy this posi- 
tion are really referable to one continuous deposit. Near Can- 
terbury it is thin, and in one place becomes a mass of sandy 
brown iron ore, 5 feet thick; at Shottenden Hill it is nearly 15 feet 
thick ; near Sittingboume and at Upnor it is again thin ; along 
a district running from Erith on tne north to Chiselhurst ana 
Bromley on the south it is upwards of 20 feet thick ; it then 
thins away rapidly towards the west, and near Lewisham is 
represented by a layer less than a foot thick, which is not now 
accessible to view. As an example of the change in the fossils it 
may be noticed that estuarine species, such as Cyrena cwneiformiSf 
C cordatay Melania inquinata, occur at a pit near Boughton- 
under-Blean ; while a second, less than a mile distant, has a 
mixture of fresh-water shells with marine forms belonging to 
the genera Cardium, Pectunculus, Aporrhaisy GcUyptrcea, and 
Fums. The most remarkable feature about this bed^is that the 
flints are black, and thoroughly well rolled. Scarcely any of the 
flints have angulated margins, such as occur in most pebble 
beds, as well as in almost every beach where pebbles are being 
rounded, and where the material presents every stage from the 
taw article to the finished production. Hence it would seem 
probable that the pebbles of the Oldhaven series were not 
rounded where we now find them, but that they were formed 
somewhere else, and were then transported under conditions 
which insured sufficient attrition to finisn the rounding off of the 
stones, and prevented the influx of fresh unrolled flints. From 
these circumstances it might be suspected that these pebbles are 
re-derived from older tertiary beos — a surmise which is worth 
further investigation. Whitaier, however, remarks that they 
must have been derived directly from the chalk, since none of 



the older tertiaries would afford such an abundance of flintSi. 
This is true, but still it is just possible that they may have been 
derived from strata intermediate in age between the Thanet beds 
and the chalk. 

Above the Woolwich beds foUows the London day, which ia 
a tough brown and bluish grey clay, with septaria. We cannot 
here dilate upon its rich fauna, whicii is abundant in species and 
remarkable in its character, affording evidence as it does of land 
mammalia inhabiting the same district as large crocodilian rep- 
tiles, of palms and plants belonging to tribes which now flourish 
in warm regions, of marine moliusca appertaining to genera 
which, at the present day, thrive best in sub-tropical seas, and of 
genera of fishes now no longer to be found on British shores, but 
represented in more southern climes. 

In the Isle of Wight the lowest eocene beds are poorly de- 
veloped. The lowest bed, e«)osed in Alum Bay, is a brown 
Sana resting on the eroded surface of the chalk. A ix)ve it follows 
a series of variegated clays, and the whole series is usually 
regajrded as equivalent to tne Woolwich and Reading beds, but 
as it has yielded no fossils, it is diflicult to decide that the 
Thanet and Oldhaven beds are entirely unrepresented. The 
thickness of the series varies from 84 feet in Alum Bay to 
163 feet in Whitecliff Bay. The London clay consists of a suc- 
cession of dark blue clays and sands, with frequent layers of 
nodules of argillaceous ironstone. 

The Bagshot and Bracklesham beds represent the middle 
eocene period in England. In the Isle of Wight the lower 
Bagshot beds ac<^uire a considerable thickness, being rather more 
than 661 feet thick in Alum Bay. They consist of variegated 
sands and clays, amongst which are distributed several layers of 
ferruginous sandstone. The clays and sands differ from those 
of the London clay beneath by their lightness of tint. They aie 
for the most part unfossiliferous, but in the upper portion of the 
series in Whitecliff Bay^ and much nearer the base of it in Alum 
Bay, is a group of lammated pipeclays which abound in frag- 
ments of leaves. The plant remains of Alum Bay have been 
described by Messrs. De la Harpe and Salter, who have ascer- 
tained their identity as a flora with the plant remains found at 
Bournemouth and Corfe Castle, in Dorsetshire. Their remarks 
refer generally to the plants of the Hampshire basin, and relate 
to about 50 species, mostly referable to living genera. The 
investigation of this flora has been urged forwaid by the British 
Association ; and we believe Mr. Mitchell will give the resists 
in a volume to be published by the Pakoontographical Society. 
The Bracklesham beds succeed the last-mentioned group, and 
in Alum Bay consist of clays and marls in the lower portion, 
and brightly coloured sands in the upper. Near the base are 
some bands of carbonaceous matter, inoicative of a lai^ quantity 
of vegetable matter. These bands are termed lignite, and vary 
in thickness from 9 inches to 2 feet 3 inches. They are so hard 
that they project beyond the softer clays and marls with which 
they are associated, have a dark* coal or rather jet-like appear- 
ance, and, like true coal seams, rest upon an under clay in which 
the rootlets of plants can be detected. Similar becLs occur at 
Whitecliff Bay, where they are more fuUy developed. There the 
lower part consists of lignite, clays, and green clayey sands. The 
highest stratum in Alum Bay is a hara bed of conglomerate, 
formed of rounded black flint pebbles, some nearly a foot in 
diameter ; it is represented in Whitecliff Bay by a stratum 
6 feet thick, through which pebbles of small si^e are dispersed. 
The Barton clay, which next succeeds, is well known on account 
of the profusion and variety of its marine fossils. The lower poiv 
tion in Alum Bay consists of bluish green clays, and above the 
sands and clays are mostly of a yeUow^ tint The entire group 
has a thickness of 300 feet. The Upper Bagshot sands are about 
120 feet thick in Alum Bay, and consist partly of yellow and 
partly of fine white sands, which latter are extensively used in 
the manufacture of glass. Yexy few fossils are found in ^em. 

A change now sets in. The fossils in the beds just noticed 
are almost exclusively marine ; but in those which we have next 
to consider they are partly marine, largely fluviatile, and slightly 
terrestrial They are grouped by Lyell as upper eocene; but 
the question of their nomenclature and equivalency with foreign 
deposits has latterly been eagerly discussed. Professor Forbes 
was the first to reduce the senes to general order, to point out the 
true succession of the beds, and to correctly correlate those of Alnm 
Bay and Whitecliff Bay with each other. Mr. Bristow recognises 
four groups of beds, named the Headon, Osborne (or St Helen's), 
Bembrid^e, and Hempstead series. The lower Headon beds 
have a thickness of from 40 feet in Whitecliff Bay to 69 feet in 
Tolland Bay. They are chiefly of fresh or brackish water for- 
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matioD, as shown by their fossil contents. At Headon there are 
some limestones which thin out towards the west, and are re- 
placed in Whitecliff Bay by clays and marls. The middle Headon 
beds also indicate by their fossils the prevalence of brackish 
water conditions in tne western portion of the Isle of Wight, 
which are far less decidedly marked in Whitecliff Bay, where 
inost of the species are marine. The upper Headon beds con- 
sist of clays and limestones, which contain a great many fresh- 
water shells. The Osborne series consists of red and green marls 
Mid clays; and. in places, of calcareous sandstones or concretionary 
limestones, wnich abound in remains of Paludince and other 
fresh- water genera. The Bembridge series comprises beds which 
have greater constancy in lithological character and fossil contents 
than tnose above and below it, and as they are generally distri- 
buted they form a well-marked horizon. The lower portion is 
usually calcareous, consisting of limestone, or of limestone beds 
separated by partings of marl and shales. The Bembridge 
limestone, as this part is called, is generally unfossiliferous, but 
in places it is very rich in shells. The upper portion consists ot 
danc days, and marls, and abounds in specimens of various sx>ecies 
of GyTena. Melania, Paludvna, Cerithiuin, &c. It is sometimes 
designated the Bembridge marls. The Hempstead series con- 
sists chiefly of marls of fresh- water and estuanne origin in the 
lower portion, and dark-coloured tough clays in the higher. The 
highest of them are termed the Corhma beds, in consequence of 
their containing abundance of Corhda pisum and C. vectensis. 
Most of the species in them are marine. 

Having thus very briefly, perhaps too briefly, summarised the 
general cnaracter of the strata, we will allude to the views of 
one or two geologists as to the foreign beds with which they 
correspond. LyeU correlates them aa shown in the following 
table : — 

Upper Eocene. 



French sub-divisions. 
A. 1. Gypseous series of Mont- 1. 

martre. 
A. 2. Calcaire silicieux or Tra- 2. 

vertin Inferieure. 

A. 3. Qr^s de Beauchamp or 3. 

Sables Moyens. 

Middle Eocene. 

B. 1. Calcaire grossier. 1. 



English equivalents. 
Bembridge series. 

Osborne and Headon 

series. 
White sand and clay 

of Barton diff. 



Bagshot and Brack- 

leshambeds. 
Wanting. 



B. 2. Soissonnais Sands, or Lits 2. 

Coquilliers. t 

Lower Eocene. 

C. 1. Argile de Londres, at base 1. London clay. 

of Hill of Cassel, near 

Dunkirk. 

0. 2. Ai^e plastique and lig- 2. Woolwich and Read- 

nite. 

C. 3. Sables de Bracheuz. 3. 



mg series. 
Thanet sands. 



This grouping is objected to by Herr von Koenen, who con- 
siders that the Barton clay should terminate the eocene forma- 
tion, and that the beds above should be sejparated into a distinct 
formation, to which he applies the name Oligocene, which would 
form a foiurth period mtermediate between the eocene and 
mipcene. He divides it into the Lower, Middle, and Upper 
Oligocenes, all of which divisions are well displayea in 
Germany. His general views as to the correlation of some of 
the Hampshire (induding Isle of Wight) strata, may be gathered 
from the following sentences ; — " The lower oligocene is well 
developed, with a true marine fauna, in Belgium, near Tongres 
(north of liege), and in the north of Germany, between Magde- 
burg, Bemberg, Aschersleben, Egeln, and Helmstadt (near 
Brunswick), and it contains about 700 species of mollusca. 
besides a lai^ number of corals, bnrozoa, and foraminifera, ana 
Beversd speaes of flsh teeth and echinodermata; and the most 
characteristic of these fossils have also been found at Brocken- 
hurst." He then enumerates 56 species, which have been 
obtained from Brockenhurst, and notices that of these '* 43 exist 
in the lower oligocene of G^ermany, and 6 are peculiar to the 
English Brockenhurst and Headon beds ; 21 of uiem are found 
also in the upper eocene, and 4 paas over to the middle oligocene 



of Germany ; 23 of these species are characteristic lower oligocene 
species, wmch have been met with neither in the older nor the 
vounger beds, therefore there can be no doubt that the Brocken- 
hurst beds, and with them the Headon series at Colwell Bay and 
Whitecliff Bay, belong to the lower oligocene. The middle 
oligocene occupies a very p«at surface of the continent; in 
France the * Saoles de Fontamebleau ' are well known ; and the 
Mayence basin is equally well so, through the excellent work of 
Professor Sandberger. M. d^ Koninck many jrears aso, and M. 
Nyst more recently, have described the fossils of the Rupel- 
monde clay of Belgium. The Rupelmonde clay, or clay with 
septaria, as it is called in Germany, is covered by the upper 
ohgocene strata (yellow and green marls) round Cassel in Hesse, 
as Professor Beyrich has described in another paper read before 
the Royal Academy of Berlin. Proceeding eastward, we find 
numerous localities where middle oligocene beds occur, some- 
times sirperposed to the lower oligocene, as in the neighbour- 
hood of Brunswick, Magdeburg, Cothen, Berlin, and Freienwalde 
in Mecklenburg, and, last of all, north of Stettin, where they 
consist of several hundred feet of yellow ferruginous sands, with 
occasional layers of dark * Septarien-thon.' Generally the middle 
oligocene is developed as a dark bluish clay, possessing then 
a true marine fauna, identical with that of Rupelmonde (south 
of Antwerp), and containing LedaDeshayesU, Fusus multisulcatus, 
Nyst, and Pleurotanue, as the most common fossils ; this clay has 
always been considered as being the upper part of the middle 
oligocene, and is so in reality in Bel^um, and generally in Ger- 
many. In the Mayence basin the Kupelmonae clay was dis- 
covered only a few years since by Mr. Weinkauff ; and Professor 
Sandbeiger considers the marine sand of Weinheim, &c., as the 
lower part, and the clay with septaria as the upper part of the 
middle oligocene, including all the fresh-water beds in the upper 
oligocene. The marine sand of Weinheim he identifies with the 

* Sables de Fontainebleau,* and some sandy beds at Neustadt- 
Magdeburg, and also with the upper (marine) beds of the Hemp- 
stead series. Now the fauna of the Neustadt-Magdeburg and 
Weinheim beds is somewhat different from that of the real 

* clay with septaria,' described by several authors, but in certain 
localities in tne north of Germany — for instance, near SoUingen 
(near Brunswick) — ^beds with tne same fauna as those near 
Magdebujqg are seen in superposition to the clay with Leda 
Demayesii, We are obliged, therefore, to consider Uie difference 
of these two faunas as caused only oy different conditions at 
the localities — difference in the depth of the sea, &c., indicated, 
too, by the difference of the lithological structure ; and for this 
reason we cannot divide, generally, the middle oligocene into two 
periods." The introduction of a quadruple in place of a triple 
partition of the eocene formation has been largely adopted on the 
Continent ; but it has not yet received general acceptance, since 
many geologists do not perceive the advantage, and would prefer 
to relegate the lower oligocene to the upper eocene, and the 
middle oligocene to the lower miocene, as has been done by Sir 
Charles Lyell in the 6th edition of his * Elements of Geology.* 

We have left ourselves no room to say anvthing about nume- 
rous other Eocene beds which occur on the Continent. Amongst 
these, perhaps, the most remarkable are those which constitute 
the nummulitic series, and which form part of the middle 
eocene. In the Alps, these beds are represented by immense 
thicknesses of sandstones and conglomerates, which are so poor 
in fossils that some have suggested they were formed during a 
cold period. This idea is probably of no value, for intense cold 
and poverty of life do not always go together. There are, however, 
some phenomena exhibited by these beds, which seem to indicate 
glacial conditions, such as large blocks of angular and rounded 
rocks, derived &om neighbouring strata, and fragments of granite 
of imknown origin. Some of these granite blocks are between 
10 and 100 feet across. They are not striated, nor polished, and 
indeed, present no direct evidences of glacial action ; the onlv 
ground for supposing such action is that no other method will 
account satidtactorify for their distant separation from their 
parent source. 

fiE. Forbes, On the Tertiary FluvioTiumne formation in the JsU 
of Wight (Memoin of the GeoL Survey of GrecU Britain) ; H. W. 
Bristow, Geology of the Isle of Wight (Mem, GeoL Survey of Great 
Britain); Wnitaker, Quart, Journ, GeoL Soc,, xxii., p. 404; 
Koenen, Quart Journ, GeoL Soc, xx., p. 97 ; xxii. (Part IL), 
p. 17 ; LyeU, Principles of Geology, voL i; 
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FEATHERS [E. C. voL i. cols. 464, 465]. These beautiful 
modifications of the excretory growths of the tegiunentary 
system are, as Paley long ago oMepved, models of mechanical 
BKiU, in which great resisting strength is combined with extreme 
lightness. They present a ^ater variety of development than 
their representatives, the hairs, and scales of other vertebrates ; 
many of them possess an exquisiteness of form and proportions 
comparable to some of the most delicate grasses ; while tne tints 
displayed by them are, perhaps, more vivid and varied than is 
met with in any other class than birds. 

A feather in its fullest development consists of six or seven 
distinct parts. The main stalk of the feather comprises, first, a 
cylindrical portion, the quillf which is inserted in the skin, and 
the shaft, wnich is usually somewhat quadrilateral in form, and 
tapering in proportions. The quill is translucent and hollow. 
At its proxiinal end is an aperture, the lavjer umbilicus ; and at 
the opposite, or distal en<^ is a second, the wpper umhilicuSj 
which open upon the groove on the under side of the shaft. 
The interior of the auill is partially occupied bv a series of con- 
nected capsules, the lower end of which is attached to the base of 
the quill, and the other to the pith of the stem. A small 
process given off" from one of these capsules proceeds to and 
through the upper umbilicus so as to close up this aperture. 
The mameter of the quill part of the stem is mainly uniform ; 
but at the region where the shaft commences there is a gradual 
diminution. The shaft is grooved on the under, but roimd and 
smooth on the upper surface ; and consists of a homy coating 
similar in nature to the quill, but more opaque, surrounding 
a white, elastic, pith-like interior. The shaft is slightly arched, 
and supports on either side a row of flat lamina?, or barbs, 
which are so arranged that their flat sides oppose each other, 
and their edges are directed, the one towards the upper or 
rounded and the other towards the imder or grooved sur- 
faces of the shaft. Their form tapers from their insertion in 
the shaft to their distal or free extremity. From their mode 
of arrangement it is manifest that they admit of movement 
readily in the direction of the len^h of the shaft, but with 
difficulty in that corresponding to its vertical diameter. The 
barbs vary in form, length, and thickness ; and their upper 
margin is thicker than the lower. It is on each side of their 
upper maigin that are situated the two rows of barbules, which, 
lite the barb, vary in their several dimensions. In many cases 
the barbules on the side of a barb differ in form and in the 
character of the subsidiary parts from those on the other. Thus 
in the more firmlv set feathers the barbules on the side nearest 
the distal end of the feather have an upward curve, and their 
downw^ly directed extremities catch into those on the 
proximal side of the next barb, which have a downward curve 
and upwardly directed extremities. Barbules, however, are not 
restricted to this position, but may also occur on the main shaft. 
The barbules on the side of the barbs nearest the apex of the 
feather have a series of simple processes, barbicels, which are 
simple, filiform, and nearly straight ; they also give off a series 
of somewhat similar processes, but they are far more curved, and 
terminate in hook-shaped points. By a peculiar arrangement of 
these hooklets, as they are termed, the barbules are firmly inter- 
locked together. In addition to the parts already mentioned is 
another c^ed the accessory plume, or afUrshafi, which is a sort 
of second feather having a shaft and barbs, but which is gene- 
rally much smaller th^ the main feather. It originates from 
the groove, and near the upper umbilicus. Its proportions and 
degree of development vary m the different groups of birds, and 
in some it is rudimentary. 

The way in which the feather is developed is thus described 
by Professor Owen : — " The matrix or oigan by which the per- 
fect feather is produced, has the form of an elongated cylindrical 
cone, and consists of a capsule^ a bulb, and intermediate mem- 
branes, which mould the secretion of the bulb into its appropri- 
ate form. The matrix is at first an extremely minute cone, 
attached by a filamentary process to a follicle or papilla of the 
skin ,' but it is not a development of that part, bemg of a diffe- 
rent structure, and adhering by a small part only of its circum- 
ference. The matrix progressively increases in length, its base 
sinking deeply into the corium, and acquiring a more extended 



connection by enlarged vesicles and nerves, while its apex pro- 
trudes to a greater or less extent from the surface of the integu- 
ment, when the capsule drops off to give passage to the featner 
which it incloses, and the formation of which 1ms, in tiie mean- 
while, been proceeding from the apex downward. The capsule 
of the matrix is composed of several layers, the outermost of 
which is of the nature of epiderm; the inner ones are more 
compact and pulpy. The sides of the capsule, which correspond 
to the outer and inner sides of the growing feathers within, are 
indicated by a white longitudinal line. The axis of the capsule 
is occupied by a medulla or bulb, also of a cylindrical form, and 
of a soft fibrous texture, adhering by its base to the parts 
beneath, and there receiving numerous blood-vessels and a nerve. 
Between the medulla and the capsule there are two parallel 
layers, one internal, the other external; from the latter mem- 
brane a number of close-set parallel laminsd extend obliquely 
from one of the white longitudinal lines above mention^ to the 
other on the opposite side of the cylinder. The two membranes 
seem to be muted together by the oblique septa. In the long 
and narrow spaces between these septa the matter of the vane is 
deposited ana formed into barbs and barbules. The deposition 
of the material of the barbs commences at the apex of the bulb, 
and the stem is next formed in the following manner. The 
external longitudinal line from which the oblique laminas are 
continued, receives and moulds on the inner sur&ce of the 
external capsule the homy covering of the back of the feather, 
or that lonntudinal band to the two sides of which the barbs 
are attached ; and on the opposite surface of the intenml mem- 
brane are formed the pith or substance of the shaft, and the 
homy pellicle which mcloses it on the inner surface. The 
internal longitudinal line has no other use than to establish a 
solution of continuity between the extremities of the barbs of 
one side and those of the other, which meet at that part, and 
thus ciure round and completely inclose the formative bulb. 
The shaft and barbs at the apex of the cylinder are the first 
parts which acquire consistence, and the molecules which com- 
pose the remainder are less compactly aggregated as they are 
situated nearer the base of the matrix. As the gelatinous me- 
dulla increases at the base, the first-formed shaft and barbs are 
protruded through the extremity of the capsule, the bulb con- 
tinuing to furnish the secretion which is motdded between the 
two striated membranes until the entire feather is completed. 
If the striated membrane inclosing the bulb be attemptea to be 
reflected from below upward, it will be found to be connected 
wiih. a series of membranous cones ranged one upon the other 
throughout the whole length of the bulb, and connected together 
by a tube running through its centre. As the development of 
the feather advances, the pulpy matter disappears mm. the 
summit of the medulla, and only the memoranous funnel- 
shaped caps remain, which are protruded from the theca and the 
centre of the new-formed barbs, and fall off as these expand. 
The theca which incloses the whole is of a fine texture where 
the new-moulded barbs are yet pulpy and tender, but it becomes 
thinner as these acquire consistency, and, lastly, dries and 
cmmbles away after it has been exposed to the action of the 
atmosphere. The bulb itself, when examined in a half-formed 
quill feather, is composed of two parts, corresponding to the 
external and intemal aspects of liie feather. Tne intemal part 
represents a seinicylinder or case, inclosing the external part, 
which is of a conical form ; the latter expands from the base of 
the bulb and gradually diminishes to a point where the shaft is 
completed and the barbs begin to expand. Its ofiice is to 
deposit the pith within the shaft, and it is absorbed in propor- 
tion as this is effected. The intemal part or case also com- 
mences at the base of the bulb, and adheres closely to the cone, 
with which, indeed, its substance is continuous ; it increases in 
thickness as the cone diminishes. Its margins are beautifully 
scolloped or crenate, and the crenations are lodged in the inter- 
spaces of the oblique laminsB or moulds, and deposit in them the 
material of the vane. The homy sides of the shaft are lodged 
and formed in the grooves between the external and intemal 

Sarts of the bulb, and correspond in degree of formation to the 
epths of these grooves ; and being progressively brought into 
contact from above, downwards, the sluift is thus completed, 
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leaving the lon^tudinal line at the internal side. When all the 
grooves ^wherein are formed the barbs, and the portion of the 
shaft which carries them) are filled by the homy matter, and 
the barbed part of the feather ia finished, this homy matter 
lastly expands uniformly around the medulla, and forms the 

Suill of the feather. When the quill of the feaUier has acquired 
[le due consistence, the internal medulla becomes dried up, and 
is resolved, as before, into membranous cones arranged one upon 
the other ; but these latter never pass out, for the quill, whicn is 
now hardened and closed by the shaft at the extremity opposite 
to the lower umbilicus, will not permit their egress; thev 
remain, therefore, inclosed, and constitute the light dry pith 
which is found in the interior of the quilL The last remains of 
the bulb are seen in the ligament wnich passes from the pith 
through the lower opening of the quill and attaches it to the skin.'' 

Feathers present various structures, are of different kinds, and 
are distributed in different ways. The principal structures are 
the pennaceouBf the downy, and the JHoplumout. They are con- 
nected bv intermediate links, and may occur in one and the 
same feather. In the pennaceous structure the shaft is strong, 
the barbs and barbules rigid, the barbules are compressed, and 
the anterior rows of these usually possess barbicels and booklets. 
In the downy structure there is a general laxness of the parts, 
the quills bemg weak and short ; tne shaft and barbs soft and 
flexible; the barbules elongate, mobile, and filiform; and the 
booklets absent In the filoplumous structure the quill is thin 
and rigid ; the shaft translucent and devoid of pith ; the barbs 
delicate, rigid, and round; the barbules short, rigid, and fili- 
form ; and the booklets absent. 

Nitzsch recognises four kinds of feathers, which he terms 
ccnUmr or stujace-feathers, down-feathers, semiplumes, and /tlo- 
^umes. His description of them is tnus rendered by Mr. 
JDallas in the English edition of the ' Pterylography,' issued by 
the Ray Society. 

Coniour-feathera mav be the name given to the feathers fur- 
nidied with a stiff and perfect stem, which, being exposed to the 
action of light on the surface, form the external outlines of the 
feathered body. The upper part, at least, of these vanes 
consists to a greater or less extent of barbs, and usually also of 
barbules of pennaceous structure, whilst the lower part, which is 
nearer the tube or quill, and concealed, has those parts usually 
downy, especially on the sides. The most perfect contour 
feathers, or those in which the pennaceous vane is largest and 
the downy part smallest, are the remiges of the wings and the 
rectrices of the tail. In the other contour feathers, which are 
often provided with an after-shaft, the great part usually belongs 
to Uie downy structure, and it is precisely in these that we find 
exhibited Uie neatest variety in the different faaiilies, genera, 
and species of oirds, and also in birds of different ages, and even 
of different sexes. There are also contour feathers which are 
imperfect in various degrees. Thus, for example, some, which 
have the upper part pennaceous, have no barbicels and booklets, 
such as those of the ostrich (Siruthio) and nandu (Rhea) ; others 
have no barbicels on the pennaceous barbs, as in the two casso- 
waries (Casnariiu and Dromaiw). Nay, there are some contour 
feathers which are even destitute of barbs, either on the parts 
exposed to the light^ as in the bristles of the anelcs ot the 
mouth and of the chm and the eyelashes (m which, nowever, a 
sort of vane occurs at the lowest part), or tnroughout the whole 
shaft, as in the so-called wing spurs of the Indian cassowary, which 
I regard as feathers, although they possess no barbs, and depart 
from the regular form in omer respects. These contour featners 
are moved by niunerous pecidiar subcutaneous muscles. Some 
species of duck have as many as 30()0 such feathers, and as each 
feather has four muscles, this would give an aggregate of 12,000 
muscles. The doum-feathers are recognised bv the downy struc- 
ture of all their parts : they are always found at a distance from 
the extemal outlines formed by the plumage, withdrawn from 
the light, and covered by contour feathers, or by the folded 
wings. They frequently stand between the contour feathers, 
namdy, one m the midst of the space enclosed by four of the 
latter, so as to form, with them, a quincunx. This arrangement I 
have met with, especially in Dysporus, Podoa, and others. But we 
by no means always find a single down-feather between the four 
contour feathers, but frequently several of them, as, for example, 
in the Unguirostres, in which large and small ones occur to- 
gether, and sometimes great numbers of them, as on the neck of 
uie eagle. Tliey are abo found on spots which bear no contour- 
feathers, and constitute the extemal outlines of the plumage, as, 
for example, on the head and neck of certain vultures ; but then 
the superior barbs possess compressed and nearly pennaceous 



barbicels, and thus form a transition towards contour-feathers. 
As regards their stmcture, down-feathers have either a simple 
shaft, or combined with this an after-shaft, where the contour- 
feathers are likewise furnished with the latter, as, for example, 
in the diumol rapacious birds, the cranes, the herons, and 
others ; or they are umbelliferous, in which case the shaft is en- 
tirely wanting, and the barbs are seated on the upper extremity 
of the tube, as, for example, in Pelecantu, The downy covering of 
newly hatcned young birds consists, according to some authors, 
of down-feathers, and according to others, of hairs ; in most 
birds, however, it is fonned neither of one nor the other, but 
solely of early deciduous, down-like, or setifomi jprocesses, 
seated upon the apices of the first-formed barbs of^contour- 
feathers or even of aown-feathers. It it only in the Unguirostres 
that the nest-clothing consists of tme down-feathers furnished 
with a shaft and tube. But these down-feathers are stiffer in 
all parts than the subsequent ones, and their barbules are re- 
markably thin. They exhibit no knots, or very small ones, and 
these bent alternately in different directions. The s&mi-piumes 
hold, as it were, a middle place between the down and contour- 
feathers, possessing the larger and more rigid stem of the latter, 
and the oowny barbs and barbules of the former. They never 
stand, like the true down-feathers, between contour-feathers, but 
at the margins or extremities of the feather-tracts, where they 
complete tlie series of contour-feathers, or entirely take their 
place. They even form tracts without contour-feathers, where 
they stand closer together. They are, nevertheless, covered by 
contour-feathers, and withdrawn from the light. Frequently 
they have an after-shaft, when this also occurs in the contour-fea- 
thers ; they are then distinguished from the neighbouring con- 
tour-feathers only by the want of the pennaceous apex. C)ther8 
are more like down-feathers. They are larcer in some storks, as, 
for example, in Ciconia argala and G, marcSm, in which tiiey are 
situated beneath the lower tail coverts, and are often employed 
as ornaments by our ladies : they also occur in the same situation 
in Falco aUnctlla, The filo-plumes are very strikingly distin- 
guished from the other three kinds of feathers by their peculiar 
Eosition, their extraordinary slendemess, and the entire de- 
ciency or very small size of their vanes. At the same time, 
they are, as it were, associated with the contour-feathers, one, or 
even two, filo-plumes standing quite close to every contour-fea- 
ther of the head, neck, and trunk, apparently issuing almost out 
of the same pouch of the skin. More rarely, as in the herons 
and Unguirostres, several filo-plumes (sometimes as many as ten) 
stand near each contour-feather. In tneir stmcture, they belong 
to the filamentous type, and no other occurs in them, except that 
sometimes, for example, in some gallinaceous birds, they have 
downy barbs and barbules at the base. The stem is usually so 
thin that it can scarcely be seen by the naked eye. In the casso- 
waries alone it is much thicker, and, contrary to Uie general rule, 
greatly compressed. It is, however, always rigid, straight, long, 
and filiform, and has a verv short tube, scarcely distinguishable 
from the pithless shaft Tnis stem either emits no barbs, just 
like hair, or gives origin to a few barbs (frequently only one or 
two), and these always at the extremity of the n^ed shaft. These 
filo-plumes are probably common in afl birds, at least I have never 
sougnt them in vain where I have taken the necessary trouble. 
Those standing very close to the contour-feathers are shorter, 
and entirely covered by them, but in most passerine birds, 
especially in Fringilla, Sylvia, and Turdv^s, some longer filo- 
plumes occur at the nape, and these project and pass beyond the 
apices of the neighbouring contour-feathers. In Trichophorus 
they even project a long way and curve downwards in the form 
of simple barbless hairs. Filo-plumes of a different and far more 
highly developed kind occur mnalietis, Illiger {Garbo, Meyer), in 
which they almost acquire the character of contour-feathers, ror I 
believe that the delicate, white, downy-feathers which project on 
the neck from the otherwise metallic black plumage of this 
genus of bird must be regarded as filo-plumes, as, although they 
are furnished with perfect vanes, they agree both in position 
and in the slendemess of the stem and other parts with the 
feathers of this kind. 

The contour-feathers are not usually distributed uniformly 
over the body, but are arranged in tracts or pteryke. Their dis- 
tribution is most complete in Aptenodytes and Ghauna^ The 
spaces which are not covered by contour feathers are termed 
apteria, Nitzsch recognises nine tracts, which are called respec- 
tively, the dorsal, humeral, femoral, ventral, neck, head, alar, 
crural, and caudal ; and the spaces are distinguished as lateral 
neck, lateral tmnk, inferior or ventral, spinal, upper wing, 
lower >viiig, crural, and head. Each oi these is described in 
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detail, and a special survey is given of the pterylosis of most of 
the avian genera, for which we must refer the reader to Nitzsch's 
work. (Owen, On (he Anatomy of Vertebrates, vol. ii.; Nitzsch, 
Pterylography, translated by W, S. Dallas, edited by P. L. 
Sclater, and published by the Ray Society.) 

FELID^ [E. C. voL ii. col. 742-802J. In addition to the 
illustrations which have already been given in the E. C. of the 
remarkable adaptation of the structure of these highly typical 
carnivores for their mode of life, we would bring iorwaid one 
or two more. Attention has been drawn (in col. 743) to the 
locking of the condyles of the lower jaw in tne glenoid cavities, 
and to the conformation of those cavities being such that the 
lower jaw can only be moved vertically in the same plane, bv which 
arrangement the teeth can lacerate and cut the food, but not 
bruise or triturate it. In the lion the temporal and masseter 
muscles are of large size, and each consists of two parts. The 
masseter has a horizontal and a vertical branch ; the former 
weighing about eleven, and the latter about six and a half 
ounces. The temporal consists of a superficial and a larger 
more deeply seated layer. The horizontal branch of the masseter 
and the mger layer of the temporal are chiefly employed in 
closing the jaws ; the smaller portions of each muscle co-operate 
in this act, but their more special function is to force the 
condyles of the lower jaw into their sockets. This modification 
of these muscles appears to be correlated with the habit which 
this beast has of carrying enormous weights for nules before 
eating it. The strain of an ox's body would dislocate the jaw 
were not special provision made for giving it firmness. There 
is another habit especially characteristic of the lion, and others 
of the cat tribe. It is that of crouching with the hind legs 
slightly separated and drawn up as far as possible, and of 
agitating the tail in a peculiar way immediately before making 
a spring. The principal muscles of the hind limb are the 
'biceps femoris, which exceeds all the others in size, the 
'agitator caudse,' and the three *gluta)i' named respectively 



' maximus/ ' medius,' and 



'minimus.' 



The relative sizes of the 



three ' glutsei ' muscles are not the same as in man, in whom the 
'maximus' muscle is much the largest This is connected with 
his erect bipedal mode of progression. In the lion the ' medius' 
is by far the largest, being more than twice as heavy as both the 
others combined. This relation is associated with its mode of 
progression. Some of the muscles of the thigh extend the 
leg, others flex it, and others again have a rotatory action. 
In an adult lion dissected by Professor Haughton, the combined 
weight of the extensor muscles was nearly 91 ounces ; of those 
which flex it 29 ounces ; and of the rotators 51 ounces. Bofii 
the extensor and rotator groups are available for purposes of 
propulsion, and it will be observed how largely they exceed the 
other muscles. The bound, of course, will be greatest, according 
to the amount of the extension, and hence we perceive the 
advantage of the crouched-up position. The centre of action 
of these muscles is at the knee, and in order to their due action 
the patella requires to be duly adjusted. The 'agitator caudae ' 
extends from the side of the knee to the anterior caudal ver- 
tebrae, and it is this muscle which acts upon the patella. Hence 
there seems to be a relation between the vibratory undulating 
motion of the tail and the act of springing. Our space will not 
admit of citing more examples, altnough many could be given ; 
but we may notice that this branch of our subject, the connec- 
tion between special modifications of structure with special 
habits, does not receive that attention which its interest and 
importance deserve. For instance, what is the use of the so- 
csdled prickle in the lion's tail of which a woodcut is given in 
E. C. vol. iL col. 753. Leydig has recently pointed out that it 
is not a sharp spine, but a sort of papilla or wart of complicated 
structure (analogous to that of a fSnger-tip), and richly endowed 
with nerves and blood vessels ; and the presence oi a minute 
hom^r nail increases the resemblance. It has all the appearance 
of being a delicate tactile organ, and possibly a minute study of 
the lioirs habits might throw some light on the question. This 
peculiar structure is said to occur in the lion and puma only 
amongst Felidas ; but it is not unknown in other families. It 
is present in the aurochs only amongst ruminants; and is 
exceedingly well developed in Macrojms unguifer, and M, 
fraenatua. 

In K C. vol. ii. cols. 749, 750, it is observed that the skulls of 
Felidas have a great genend resemblance, and that the main 
point of difference is that of size. In the article Beab, E. C. S.^ 
a statement similar in efiect is made. Dr. Qray, who has 
examined an immense collection of feline skulls, and indeed 
every anatomist who has given attention to the group, has been 



impressed with the same fact. There are differences, and 
perhaps no one has worked them out more carefully than Dr. 
Gray, who, as will be seen below, employs the differential 
characters of the skull in separating the genus Felis accepted by 
most authors, into fourteen. We imagine that too high a classi- 
ficatory value is attached to these characters, but as Dr. Gray's 
synopsis gives a good idea of the nature of the dissimilarities, 
and 13 at the same time a useful summary of the forms at 
present known, we append a condensation of it. 

Section 1. Normal cats. The flesh teeth of the upper jaw 
with a well marked prominent internal lobe on the firont part of 
its inner side. The legs moderate. 

Tribe I. True cats. Felina. 

The head oblong ; face slightly produced. Legs moderate, 
nearly of equal length. The skull oblong ; intermaxillsB and 
frontal bones with short processes, which extend between the 
ends of the nasal bone and the inamlsa. The front upper false 
grinder small (rarely deciduous and wanting). 

A. Diurnal cats. The eyes diurnal, with a roimd pupiL The 
orbits of the skull moderate-sized compared with the size of the 
skull ; face of the skull elongate, high, broad, flattened above, 

* Forehead of skull suddenly elevated above the line of the face. 

Genus 1. Uncia. Skull broad ; face broad, short, flat above ; 
forehead suddenly raised ; crown convex in front and on the 
sides, concave bemnd ; nasal bones broad, short, not reaching so 
far back as the upper edge of the maxilloQ; upper processes of 
the intermaxilke rather elongate, extending about one third up 
the sides of the nasals ; orbits moderate, incomplete behind ; 
canines conical, moderate ; zygomatic arch very strong and high. 
The only species is U. irhis, which is the same as the Felis uncia 
of Schreber. It inhabits Tibet. 

** Nose on the same plane as the forehead. 

Genus 2. Leo, Head, neck, sides of body, and legs maned. 
Tail elongate, tufted at the end. Pupil roima. Skull: nose on 
the same plane as the forehead ; nasals flat, nearly as long as the 
maxillae. The orbits of the skull moderate, incomplete oehind. 
This also comprises but one species. L. nooilis, or the Felis Uo 
of Linnseus. 

Genus 3. Tigris, Cheeks with spreading whiskers. Tail 
elongate, tapering at the end. Pupu round. Skull : nose on 
the same plane as the forehead ; oroits of the skull moderate, 
incomplete behind. Nasals very large, reaching beyond the 
back edge of the maxilleB. Internal nostrils broad. Palate 
truncated behind. It consists of Tigris regalis, or the Felis tiaris 
ofLinnffius. 

Genus 4. Leopardus, Hair of head and neck uniform. Tail 
elongate (rarely shorter than the body). Pupil round ; orbits of 
the skull moderate, incomplete behind. Nose on ti^e same plane 
as the forehead. The upper process of the intermaxilla very 
narrow, and much produced up the side of the maxiUa, often 
one-third the length of the nasal It consists of six species, viz., 
L. ]9ardu8, which inhabits South Asia, and many parts of Africa ; 
L. japonensiSf a native of Japan ; L. chinensis, of which a speci- 
men nas been obtained from near Pekin; L. onca, the jaguar of 
South America; L, auratus (Felis auratus, Temminck), which 
has been recorded from the Himalaya Mountains, Sumatra, and 
Borneo ; L, concolor (Felis concolor, Linn.), the puma of North 
and South America. 

Genus 5. Neofelis, Skull elongate ; face broad, rather pro- 
duced, on the same plane as the forehead. Nasal large, elongate. 
Orbit moderate, very incomplete behind. Lower jaw truncated, 
and high in front. Canine teeth, upper and lower, very long, 
conicaL with a sharp cutting hinder edge ; the front upper and 
lower false grinders distinct, early deciduous. The front lateral 
process of the frontal bone rather elongate. The hinder entrance 
to the nostrils very narrow, elongate ; sides parallel ; front edges 
rounded. Pupil round (Hod^n), oblong, erect ^B^lett). 
There are two species, Jv. macrocelis (Felis ma>crocelis, Tem- 
minck), which occurs in the Himalayas, Malacca, and Siam, and 
N, hrachyurus (Leopardus brachyupis, Swinhoe). 

B. Nocturnal cats. The pupil of the eye oblong or linear 
erect when contracted; the eye-ball large. The oroits of the 
skull large for the size of the face. The nose of the skull gene- 
rally short, compressed above behind, with a more or less marked 
concavity in front of the orbits. 

* Skull short and high. 

Genus 6. Pardalina, Face round. Eye moderate, pupil (?)» 
Skull short, high ; face short ; forehead arched in front ; brain 
case swollen, short ; orbits moderate, incomplete behind. First 
upper false grinder small; canines conical, moderate. Hinder 
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aperture to the nose truncated in front. The only species is 
P, warwichii(Felu himalayanuSf Warwick). 

Genus 7. Catolynx, Ilead round ; ears rounded Pupil 
oblong erect. Tail very long, cylindrical. Skull ovate ; face 
short, rather broad ; nose slightly flattened on the sides ; fore- 
head arched ; the nose bones moderate, elongate, separated from 
the maxillao by the lon^, slender processes of the intermaxillso 
and frontal bones. First upper lalse grinder small, distinct. 
Orbits large, sub-circular, complete or nearly complete behind. 
Internal nostril narrow, arched in front. There are two species, 
viz., (7. marmoraivs (Felis Tnarmoratus, Martin), a native of India 
and Borneo ; and C, Charliom (JFdis Charltonif Gray), from 
N^>al and Darjeeling. 

** Skull elongate ; face and brain-case elongate. 

Genus 8. Vi/veiriceps, Head rather elongate. Ears rounded, 
not pencilled. Eyes nocturnal ; pupil erect, linear. Fur spotted. 
Tail moderate, tapering. Skull elongate ; face produced, narrow 
above, concave on the sides in front of the orbits ; orbits rather 
large, complete behind ; nasal bones elongate, very narrow above. 
Canines conical, moderate. Four species are enumerated. V, 
Bennetta (Felis viverrina, Bennett), of the East Indies ; V, plani- 
ceps (Felis planicepSy Vigors and Horsfield), of Malacca, Sumatra, 
and Borneo ; V. Fllioti (Leojmrdus EUiotiy Gray), of Madras ; 
and V, rvJbiginosa (Felis rubiginosa, Geoflfroy), also of Madras. 

Genus 9. Pajeros. Head elongate. Ears rounded. Pupil 
round (?). Skull elongate and swollen behind ; face short, 
broad; orbits moderate, incomplete behind. The front upper 
false grinder very early deciduous, always wanting in the half- 
grown skull. There is but one species, P. pampanus (Felis paje- 
ros, Desmarest), the pampas cat of South Anaenca. 

*** Skull ovate ; face short ; brain-case moderate. 

Genus 10. Felis, Tail cylindrical, elongate, sometimes shorter 
than the body. Ears oblong, rounded at the tip without any pen- 
cilling. Pupil erect, linear. Skull moderate ; face short, corneal ; 
nose moderate, narrow above behind, concave in front of the 
orbits ; brain-case oblong, broad ; front upper fake grinders 
distinct, small ; orbits large, or very large, incomplete. This 
embraces 29 species, named as follows. F, pardalis, Central 
America; F.girisea, Guatemala; F. melanura, America; F. picta, 
Central America ; F. macroura, Brazil ; F, mitis, Paraguay ; F. 
tigrina. South America ; F, Geoffroyii, South America ; F. coUo- 
colla, Chili and Surinam; F, jagtLwrondij South America; jP*. 
eyray Tropical America ; F. serval, South and West Africa ; F, 
rutilay Sierra Leone; F, negUcta, Gambia; F, celidogaster, 
Guinea ; F, serugcUensis, Senegal ; F, caffra. South Africa ; F, in- 
eonspicua, India; F, minuta, Sumatra; F. pardochroa, Nep^; 
F, ckinensisy China; F, Jerdonii, India; F, javanensisy Java; F, 
nepalensisy India ; F. maniculatay North Africa ; F, catuSy Europe ; 
F. domesticay probably an inhabitant of Syria, from whence it nas 
been introduced into other countries ; F, ma/nuly Tibet ; and F, 
megalotis, Timor. 

Genus 11. Cha/us, Tail shorter than the body, reaching to 
the hocks. Ears pencilled at the tip. PupU oblong, erect. 
Skull: orbits very lar^e, incomplete behmd; nasu bones 
narrow, close on the maxilla ; front upper false grinder distinct ; 
upper tubercular grinder small, transverse ; the lobe on the 
inner side of the iipper flesh tooth moderate. The two species 
are G. libycus and U. omatusy the former occurring in Africa and 
Asia, and the latter in India only. 

Tribe 11. Lynxes. Lyncijut, 

Head short, sub-globular. Legs elongate, the hinder ones 
longest. Tail short, or very short. Ears pencilled at the tip. 
Pupils of eyes oblong. The face of the skull short ; the lateral 
processes of the intermazillsd and the frontal bones elongate, 
nearly reaching each other, aiid separating the nasals from the 
maxillee. The orbits incomplete, large ; the lobes on the inner 
side of the upper flesh tooth moderate sized. 

Genus 12. Lyncus, Tail very short. Limbs elongate. There 
are 8 species : L. borealisy North Europe and Asia ; L, lupulin/usy 
Sweden; L, canadensisy North America; L. pardinus, South 
Europe and Turkey ; L. isabeUinuSy Tibet ; L. fasciata, west 
side of North America ; L. ruftis, North America ; L, maciUatuSy 
Mexico and California. 

Genus 13. Ca^aeal, Tail cylindrical, reaching to the hocks. 
Limbs more equal. Pads of feet bald. Pupu oblong. The 
skull is that of the lynx ; but the processes of the frontals and 
intermaxill89 are not quite so much produced, and they do Hot 
entirely separate the nasals from the maxillss. The front upper 
ficdse grinder is absent. The orbits are rather large, and incom- 
plete behind. The lobe on the inner side of the flesh tooth 



smalL The single species, C. melanotis, occurs in the southern 
parts of Asia and Africa. 

Section 2. Abnormal or dog-like cats. The flesh tooth of the 
upper jaw compressed, without any lobe, and only with a very 
shghtly markea keel on the front part of the inner side. The 
legs elongate, slender. 

Tribe III. Hunting Leopards. Ouepardina, 

Head short, subglobular ; face ve^ short, neck slightly maned. 
Legs elongate, slender, subequaL Tail elongate. Ears rounded. 
Pupil round (?) Skull: face very short, convex ; the processes of 
the frontals and intermaxilla) very short, not separating the 
nasals from the maxillae ; the flesh tooth of the upper jaw com- 
pressed, without any lobe, but with only a very sughtly marked 
keel on the front part of the inner side ; the front upper false 
grinder distinct, small ; orbits incomplete, moderate. 

Genus 14. Gneparda, There is but one species, (7. guttata 
(Felis guttata y Hem; Felis jubatay Schreber). It is a native of 
Africa and Asia. 

(Haughton, Proc. Roy, Irish Academf/, ix., p. 86 ; Leydig, 
Annals of Natural Historyy third series, vii., p. 278 ; J. E. 
Gray, Proc, ZooL Soc. for 1867, p. 258.) 

FORAMINIFERA ITE. C. vol. ii. cols. 867—8741 The re- 
searches of Messrs. Ehrenberg, Perty, Gervais, Williamson, 
Carter, Carpenter, and others, on these animals have led to the 
establiihment of much clearer views as to the internal structure 
of the shells, the form of the soft parte, and the most natural 
method of classifying them. Until recently more importance 
was attached to the form of the shell than to its plan of struc- 
ture, and the consequence has been that in severw, cases indivi- 
duals of the same species have been arranged under genera 
supposed to be widely separated. D'Orbigny^ method of clas- 
sification has conseauently been superseded by another one, an 
outline of which will be given presently. 

The Foraminifera belong to the order Reticulosa, which with 
Lohosa and Raiiolaria form the class Rhizopoda, They differ 
from both these orders in several respects. In Lohosa, of which 
Amoeba is the typical form, [Amceba, E. C. S.], the pseudopodia 
are distinct, short, and broad. In Badiolaria, of which the 
typical form is Actinophrys rAcriNOPHRTS, E. C. S.], they are 
long, tapering, and distmct But in Reticulosa they are long, of 
semi-flmd consistency, indefinite in shape, size, and number, and 
exceedingly ready to coalesce whenever they come in contact ; 
they form a complex series of ramifications which has some 
resemblance to network, and from this circumstance the name of 
the order is derived. These processes have no well-defined 
margins, but their substance is in constant motion. The gra- 
nules imbedded in the general protoplasm of which they are 
composed rapidly course along the whole length of the pseudo- 
podia, and frequently from one pseudopodium to another by the 
cross connecting lines. As has been pointed out by Schultze 
('An. Nat. Hist. 1861'), these phenomena are analogous to the 
circulation of vegetable cells in the protoplasmic substance of the 
hairs of Tradescantia, So great is the resembliance that Dr. 
Carpenter suggests that both may be caused by the same agency, 
namely, "a sort of peristaltic contraction in the threads of pro- 
toplasm." The bodies of these Rhizopods are far more homoge- 
neous and structureless than Amceba, The inner portion is some- 
what less consistent than the outer ; but beyond this there is no 
distinction into ectosarc and endosarc as m Amosba [Amceba, 
E. C. S.]. Neither nucleus nor contrcuUile vesicle have as yet been 
discovered in any members of this group, the majority of which 
have calcareous shells. These form the Foraminifera; such as 
do not possess shells are provisionally separated imder the name 
of Gromida, 

The calcareous forms will perhaps be better imderstood if we 
dwell upon those which do not nave shells first. The genus 
Lieberkuhnia presents a good example for illustrating the essen- 
tial features of this group of animals. There is only one species, 
and this has been founa in but one locality, near Berlin. Its 
body is about ^th of an inch in length and consists of a homo- 
geneous liquid holding a large number of tacuoUs or clear spaces. 
From one end of the body issues a stem which ramifies into 
branches of extreme minuteness and great length ; the branches 
are united by cross threads, so that the whole forms a compli- 
cated web of a viscous fluid-like substance several times longer 
than the body of the animal. AH the threads circulate, as may 
be seen by the motions of the granules. When small particles 
of food come in contact with the pseudopodia they adhere, and 
move along with tie general current untu they reach the body. 
When large objects are caught, the weight or activity of which 
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might teat away llie network, a number of threada coalesce toge- 
ther to form an enveloping eneali round them, and b^ith obj 



and flheath are drawn in together towards the body. The AcH 
nojAryi secureB Inrgc objecta by a aimikt process [Actinopkrys, 
E. C. 9.] The grannlea from whose motion the circulation, of the 
mbetance oi thepttudopodui isdetected.areof extraneous origin 
man]' of them are particles of chlorophTll derived from the vege- 
table organisDM that form part of the food of this creatuifl. The 
(nwnlea drculat* through the whole animul. They paaa from 
the interior of the body to the extremitica of the psoudopodin, 
and back again. The paeudopodia are best dbplayed, and the 
currentB are moat active, in the dark ; or rather they are Been 
beat immediately after the animal has been brought out of dark- 
ness. From the absence of any differentiation of parts it may 
be concluded that LieberkOhnia m far less highly organised than 
the Amotba, which is sometimes regarded as tne simplest form of 
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A life. 

Gromia we have a higher stage. Its sorcode body is very 
le as that of Lieberkuhnia, but is inclosed in a 
at, with an aperture at one end through which 
the fctem supporting the ramifying paeudopodia is protruded, as 
seen in^^. ]. The processes coalesce into knota and sometimes 
into thin layers of considerable area. From these centres pseu- 
dopodia are given off as from the body itself. The Barcode 
which protrudes beyond, the mouth of the fihell forms a thin 
layer outside the shell. From 
the hinder portion a few pro- 
cesses are given off, probably 
used for filing the aniinal. Most 
of the Forammifera attach them- 
aelvea to various objects by means 
of their paeudopooia. The food 
is captured in the same way 
in Luberkuhnia. In Jig. 1 
Diatom ia seen entangled amongst 
the pseudopodia, and the bkele- 
tona of others arejust perceptihle 
inside the test. In Qromia there 
is a cinmlation of granules simi- 
lar to that in LUherkUhnia. 
Where the processes are mere 
filaments the current cannot be 
detected flowing in more than 
one direction. A granule, how- 
ever, frequently goes t" ' 
tremity, turns back, 
. advancing towards the bodv 
' 9 back a granule proceed- 
ing in the opposite direction. 
In the thicker pseudopodia two 
streams may frequently be seen, 
one going from, and the other 
towards the body. A grannie 
passing along the edge of one of 
tliese may sometimes be seen 
to suddenly stop, to waver for 
' and ultimately to 
;r current. Thisphe- 
s of frequent occui 
rence in the circulation of such 
plants as ChuTa. The teat of 

Qromia has been chemically ■ 

mined by Schultze. It much 
Fi^. 1. ffnmiia o<></oniii>. resembles cellulose in its be- 

haviour, hut differs from oellu- 
loae in not being dissolved by sulphuric acid ; it is apparently 
nearly allied to ckitint, and some kinds of horn. 

The neit group to which we would draw attention forms the 
btwly Miliohda. We can onlynotice here such of the principal 
forms as will suffice to give a general notion of the variety of 
shapes they assume, and the plan upon which theii shells grow. 
By this way of treating the subject an impression is naturally 
given that all the forms to which distinct names are assigned are 
readily distinguishable from each other by certain well defined 
characters. Thi^ however, is not ao. The greatest difficulty is 
experienced in clearly defining any of the species as ordinarily 
accepted, especially when hundreds of individuals having the 
same general characterB are brought together. Therefore, when 
in this article specific names are applied to any of the FoTamini- 
fera, it is for the convenience of specifying the varietal form it 
la wished to refer to. In consequence w the typical forms being 
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connected by osculant varieties, it is frequently impracticable even 
to define a genua. This is the opinion of Dr. Carpenter and other 
persons who have studied large collections of Foramim/era, Dr. 
Carpenter has the following remarks on this point: "For 
whether or not there really exist in this group [the Poramin^fem] 
generic ossemhla^ea capable of being atrictly limited by well 
marked boundaries, it may be affirmed with certainty that 
among the forms of which such assemblies are composed, it is 
the exception, not the rule, to find one which ia so isolated from. 
the rest by any constant and definite peculiarity, as to have the 
least claim to rank as a natural species. Nothing is more easy, 
however, tlian to make artifciat apecies in this group, for the 
variation to which every one of its generic forms ia liable, gives 
rise to a multitude of dissimilar forms moat inviting to those 
aystematiflta who consider that credit is to be gained by adding 
new names to the already enormous list ; ana, accordingly, we 
find that a vast mass of such specific names and definitions has 
heen accumulated, of which hut a very few really express the 
facts they are designed to record. For it is the habit of snch 
systematiflts to pick out only what they consider the well- 
characterised types, and to disregard the intermediate or osculant 
forms that establish the gradation between these, neglecting alto- 
gether the fact that the existence of such a gradational series 
entirely does away with the fundamental aeeumption on which 
the idea of a natural species ^as ordinarily understood) ia based. 
When a laree collection of individuals of one generic type is 
brought together (such as that placed in my hands by Mr. Cuming 
of the OptrciUtTUi of the Philippine Seas), it very commonly 
happens that by selecting the moat divergent forms, a consider- 
able number of specific types, say, six, eight, twelve, or even 
twenty, might be readily established, and a considerable part of 
the collecbon might be arranged around these as centres ; but 
after all the specimens have been thus eepainted, which present 
a sufficiently close conformity to those types to admit of being 
referred to une or other of them without hesitation, there wiU 
remain a considerable proportion in which the characters of two 
or more are combined with such equality as to render it impoa- 
sible to assign to them any other tlian an intermediate position ; 
whilst there will be others which present such departures from 
any o! them, as themselves to have an equal chum to rank 




as distinct species; so that there is no middle conrse between 
that of grouping the whole series aa varieties of one species, and 
that of erecting into a distinct species every varieted modifica- 
tion presented by individuals, a course which would be the 




Tedwclio ad abmrdiim of the ordinary system of species-making 
'" its application to this group," 
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In illastratin^ the Milioline tj^ the genus Sguamtilina, or 
the young of M'Uiola, Jig. 2, forma a convenient starting point. 
Tlie former ia a one chambered or unilocular ahell, with a aingle 
aperture, through which the paeudopodia are extended. It is of 
on irregular lenticuliir form, much resembling that of the earliest 
or primordiai segment, from which all the segmented Foraminifera 
are developed. In tha young MUiola there is a central globular 
nuias, from which proceeds a curved portion hearing the pseudo- 
podia at its eitremity. This presents great analogy to the cen- 
tral portions of many of the more complicated forms, such as 
shown injtg. 17, In Comu^ira, Jig. 3, we have a simple con- 
tinuous spiral, much resembling that of a Planorbit. There are 
no traces of septal bands or constrictions, if we except the slight 
depression which marks the point where the spiral part springs 
from the primordial chamber. The aarcode body presenta a 
similar form. By a slight alteration we get the formoio MUiola, 
a diagrammatic sketch of the form of the soft^parta of which is 
given in jfg. 4. Commencing with the primordial segment o, we 
pass by a slight constriction, or itolon, to the first longitudinal 
s^nient, and ao on by other constrictions to the segments num- 
bered 3, 4, 6, and 6. The pseudopodia are placed at the anterior 
end of the lost or uttimaU segment. During the growth of the 
individual the pseudopodia always occupy the same relative 
position, and, consequently, they alternately occupy the two 
extremities of the shell. Each segment is always larger than 
the one previously formed. The principal source of the variety 
of the forms of species of the Milioline type is the variAtion in 
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ideal tianaverse section of ai^ipirofocu^imi, in which the form 
of the chambers, and, therefore, of the sarcode, or soft jiart, is 
cylindrical ; but this form may be either aa represented injCj. 6 
or jig. 7. The segments may be ammaed round one another, aa in 
Bilm^dina, J[gi. 8 and II, Qainquxlocitlina, Jlgt. 10 and 12, or 
Trihcidina, figt. 9 and 13. These forms are midily distinguish- 
able from each other when the marked varieties ore considered, 
but they ore oil connected by intermediate yarxEties, so that none 
can be regarded aa offering characters aufficiently constant to 
give them a claim to rank as genera. The apertnres present as 
much diversity of form as the chambers. The surface markii^ 
of the shells frequently appear to be characteristic of specino 
forms ,' thus, in some the shell is smooth and highly pofished, 
others it is marked by a honey-comb pattern, by longitudinal 
tranaverae ridges, or by minute pits. But none of tneae cha- 
racters are of much value to the systematist, unce in large 
9 of specimens there is a gradual insensible transition from 
inioothest to the moat marked individuals. In Fahularia, 
jlgt. 14, 15, the plan of growth ia distinctly bilocnline, but the 
genus differs from BUMnUina, in the cavities of the chambers 
being filled up with solid shell substance, and in the aarcode 
being lodged in long channels which jueice the solid parts gene- 




the shape of the longitudinal s^ments. In Spiroloculina the 
segments are curyilinear, oa indicated by the soft parts injf^. 4. 
Another aource of variation is the degree to which the sepnents 
overlap each other. If the segments approach a semicircular 
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rally in a longitudinal direction, but sometimes also in an 
obliqtie one. All these forms illustrate various phases of the 
umple spiral mode of growth of the Milioline type ; we will next 
notice the cyclical plui. In NvheciiUiTia and VertAriUvna the 
spiral plan usually prevails, but some varieties assume the 
cyclical. In tMs respect they foreshadow, as it were, the more 





form the leniltine shell is short and toimd, but if the seg- 
menta are arcs of laige circles it becomes elongated. Fig. 5 

KAT, UI8T. DIV.— BOP. 



Fig. IS, DUgnmmitlo nprueiiUUoii of OrbitolUa ot almplo tnx '• "> prliB- 
OKlulchuiibar^-^ nircuiiumbisiit ch-unbvr: t, portloa of unit isrUiJl}' h[m- 
rmted hi AH fnoompleta purtltlon ; c, chamberleli ot the concontrio nimuli : 4, 
puauc from the piE[Uuill4l to ths clrmmuiiibliDit cbusbar ; (. puHea (mm 
the eircuiaunUsiil chunbar to the cbunberlati ol tha first niiiialuaj f^ 
puaoge (hna gtUgcr of bxt muiului epanliit; at tl» taarsiu ol ths diik. 
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complicated atruchire of Orbieitlina, Alvtolina, OrbitoliUe, &c. 
OrbitoUta may be considered as the typical form of tlie group, 
li presents two kinds of Btmcture, the nmpU and the complex, 

when a shell on the simple type is bisected hoiizontollj, as in 
the diagrammatic section Jig. 16, tlio following parts can be de- 
tected ; a. })ri77iOTdial chamber a, suironnded by a ciT-cumambunt 
ehamher b, with which it commumcates by an aperture, d, in the 
partition which encircles the inner chamber, and partiaUy divides 
the outer one. These parts form the primitive dxsk which is con- 
nected by radial passages e e with the innermost rings of chambers 
c c. These chambers are also connected laterally by annalar 
gaUeria, Jigi. 17 and 16. ^ so as to form a connected zone. This 
Eone communicates witk the next outermost one by other radial 




Fig. IT. Centrel portion of Uie mrcodB body of Oriitalita: o, primoidlnl 

connoctiriE prlmordul with clrcuouunblgnt Kgment; i, podusclH coiidkUiik 
drcumuiibieiit Mgmsut nlth Ant uumlir. I'iglS. li ui fiDlusBd porUm of Flu 
19, vrlilch "boira tbs modii o( connocllon of the chamberleM, e, by ■nnulnr 
guiloTlu, A, from which couth off rmdiitiiig vaaugvt, 1 1, leading to tha lor - - 



nate in position with those of the next. In this way a series of 
concentric zones are formed, each an exact repetition of the othen; 
with the exception that the number of chambers increases with 
each additional zone. The chambere in the outer are usually 
somewhat larger than those in the inner xone. The ' 



been interpolated in the third row. The apertures of the ladinl 
passages form the POKS. ffi fi9>- 1* ^d 19, at the edges of the 
calcareous disks. The shelly partitious eeparatiag the chainber:< 
are single, not double, as is the case in some other tjpes oi' 
ForaimMiifera. The pseudopodia are extended irom the outer- 
most portion of the exterior radiating pedicles. These perfbmi 




all the work of catching food and introducing it into the sarcode. 
In consequence of tho small size of the pores only the minutest 
plants and animalo can serve as nourishment. There is no doubt 
that particles are introduced through the pores, since the interior 
of large shells are always found to contain numerous remnants 
of minute Diatomacta, Detmidia, &c The particles thus taken 
in at the exterior of the sarcode serve to nourish the whole 
animal, which consists of a, uniform homogeneous connected 
mass. As tiie creature increases in size the sarcode gets too 
small for its habitation, and a fresh zone of chambers is required . 
How the new layer of shell is formed has not been ascertained, 
but Dr. Carpenter suggests the following mode as probable, 
" The Barcode body of the animal, growing at the expense of tbi^ 
nutriment thus appropriated, wiD gradually, it is probable, pro- 
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ject itself tlirDUgh the marginal orifices, not merely in filamentous 
pseudopodia, but in quantity sufficient to form a new zone ; and 
It is easy to understand, from the analogy of other Foraminifera, 
that BUCA extensions will coalesce with each other laterally, so as 
to form a complete armul/iu around the entire periphery of the 
disk. This at any rate, must be the case when a new zone is to bo 
added to the shell ; and it would seem as if this annulus then 
imdeivoes a thickening into segments by the accumulation of 
sarcode at the points at which it receives the radiating pedicles 
from the last zone of the sarcode body included within the 
shell, while it becomes narrowed in the intervening por- 
tions which form the connecting bands between the segments. 
It may be presumed to be by a calcareous exudation from 
the surface of the beaded ring of sarcode that the formation 
of the new shelly zone is accomplished ; and if the calcifying 
process commence on the segments, and extend from these 
olonK the surface of their connecting stolons, we can under- 
stand why the passages that are left for communication with 
the extenor should arise from the intermediate divisions of the 
annular canal rather than from the segments themselves." The 
homogeneity of the sarcode of Orbitolita presents a remark- 
able contrast with the evident differentiation of the soft parts of 
the Polyzoa, with which Ehienbeig classes the genus. There ia 
also a marked difference in their behaviour when immers^ in 
spirits of wine. Thus, when a living Orhitolita is so treated the 
sarcode contracts and forms a single mass in the centre of the 
shell ; clearly indicating that the ' sarcode is not attached to the 
walls of the cavities it occupies, and that it has a degree of plas- 
ticity that will enable it to be drawn through the narrow pas- 
sages, and to coalesce without showing traces of having been 
spun out. As far as our knowledge goes, sarcode is the only 
animal substance that possesses this property. When a Poly- 
zoon is similarlr treated there is no contnction towards a 
common centre, but each zooid shrinks to the bottom of its own 
cea 

Some (Hritolitu have a more complex type of structure ; in 
most cases they are larger than those of a simple type, but there 
is no reason for supposing that the simple type is mdicativo of 
immaturity of the individuals. The iMgest OrbUaliU* occur in 
the AnstKuion Seas, and sometimes have a diameter of '5, "6, or 
even -7 inch. The disks of the complex type closely resemble 
those of the simple type as far as the cenbul portion is con- 
cerned i but in the outer zones the shell is divided into three 
layers, two of which are superficial, and the third is intermediate, 
as seen in figi. 20, 21. The superficial layers ore formed of 
oblong chambers having an aperture 1 1 at eadi end of the floor, 
eading in a downward direction. There are no lateral commu- 




n of dlak of complax trpa of OrMfDliM. /, porea ; 
umulu gsllsriaa : c, CfUndiloil cbsmbwlala of Is- 



dl^wi 



1. Vaitleal ■mUod of complex 



Uw nllarlea becoma duplicated ; (, c;U 
la ; i, K, upp«r and lonar uuinlar gaUi 
mbsrlaia; 1, tha calortoua partJUotu. 



i principal 
lUndilaacl 



chamher ; «, in< 
amberlBta of in- 
upper and lowar 



FORAMINIFERA. 



rating the chambers of the intermediate layer, and the apertures 
in them lead into the two cavities on either side of each septmn, 
At the point where the two apertures from ccntiguou* chambers 
meet is a round aperture hti'i/Uj. 21, which corresponds witli 
the circular galleries h h, fig. SO. These cavities are iiUed h; 
" I form repreaenl^d in " 

which is represented 
mente filling the cells in the bu- 
perfidallsyer. Thej are connected 
at the two extremities with the 
annular stolons, which occupy the 
circular galleries, h, fig. 20. From 
the. under side of these itolons 
proceed the columns of sareode, of 
which two rows are shown. The 
columns of one row are in many 
cases connected with tlioae on either 
side by oblique peduncles passing 
alternately from one row (« the 
other. Tnus, by means of these 
peduncles, and of the annular 
stolons, everyportion of the Barcode 
is connected together. We will 
again return to the shell. By 
referringtojfg. 21, the intermediate 

^_ ^._ „ stratum will be seen to consist of 

small chambers, c e, having the 
same alternating arrangement that pievaila in the simple 
type. There is, however, a modification in their mode of com- 
munication with each other. In tie simple type each 
chamber communicates with two ciiamhers in the next inner 
row ; but in the complex there appears to be a connection with 
only one chamber m the inner row, and one passage seems 
to run continuously in an oblique direction through several 
zones. The anomaly is apparent only, and may be explained by 
referring to fig. 22. Each semnent communicates with seg- 
ments in the next tow by two distinct bonds, that on the one 
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Fig, as. Sectton ladliaitliig thB MlWiUmted itniotttia of Uwupt*. Fig; H 

HoclHiBtal MCtlDii of OrbMbla. 

side being on a higher horizontal plane than the other, but on 
the same plane as the corresponding hand in the next segment. 
When a section is made, as in fig. 20, the bands on the right 
sides of the s^ments only are exposed, and these have a flexure 
in the same direction. If the section is made somewhat higher, 
the bands on the left side are exposed, and the flexure is in the 
opposite direction, as shown in the figure. In fig. 21, which 
is a vertical section of a disk of complex type, 6 corresponds 
with the central portion otfig. 20 ; at a short distance from which 
the first appearance of the intermediate stratum commences, and 
at n occurs the firat duplication of the annular galleries. If the 
dots representing the intermediate stratum were omitted, the 
section between 6 and n would pass for that of an OrUtoliUa of 
simple type. Beyond n, the mcreaae in thickness is almost 
entirely due to the growth and difierentiation of the intermediat* 
stratum. As described, there would appear to be sufficient 
grounds for assigning the two types of aheOs to at least two dis- 
tonct species ; but such a course would result in error, since the 
two types are, as it were, amalgamated bwether on comparing 
a laige number of specimens ; jt^, 24 is a horizontal section of 
OrbiUiliUi. 

The shells belonging to the types hitherto noticed are all easily 
recognisable &om their opaque white poicelain-like aspect when 
viewed by reflected light, and their brown or ambei colour when 



looked at in thin slices by transmitted light Another feature 
which they possess in common is that the pseudopodia do not 
issue from the general surfoce of the body, but from a single or 
multiple aperture, Hence they are assigned to the sub-order 
InvperfioTota. But there is another large group of Foramini/era, 
in wMch the shell is of a tfitreoui or hyaUjie appearance, and is 
perforated by tubular openings for the emiasion of the pseudo- 
podia. There are differential points of much importance. Thus 
in higher forms of the hyaline series there is a supplemental 
skeleton, formed by a secondary deposit upon the outer walls ot 
the chambers ; tms skeleton is traversed by a set of canals, 
usually arranged on a i^stematic plan. These passages are 
«tnuj«, and not vessels. Again, it is only in the hyaline series 
that each chamber has a shelly wall of its own, so that each 
septal plane is composed of two lamella), as in fig. 23. In the 

?ncMla'ncut series one lamella serves to divide two chambers, 
'here is also a striking difference in the connection between the 
successive segments in the imperfoiate and perforate series ; " the 
conunnnications between the successive annuli in the former, and 
between the outermost annnlua and the exterior, being so 
numerous and free, as to amount in the aggregate to a large 
apertural area; whilst in the latter they are so much more 
restricted as to be not readily discoverable. This tendency to a 
more complete separation of the segments shows itself yet more 
stronely in regard to the transverse sub-division of the princifMil 
chambers in Orbiculiaa as compared with HeterotUgina, and in 
VrbitoHUt as compared with Oycloclypeia ; for in the two imper- 
forate types we And this transverse sub-division so far from 
complete, that it resembles that of a long dormitory, in which 
the beds (arranged in rows on the two sides) are separated from 
each other by partitions that extend from the walla towards the 
central line of the apartment, but stop short of it, so as to leave 
a free passage from one end of it to the other ; whilst in the two 

Seribrated types the chamberieta of each row ate entirely cut off 
'om each other laterally communicating only with those of the 
rows behind and in front of them. Thus we see that, whereas in 
the imperforate shells the nutrition of the entire body is derived 
from the alimentary materials obtained by the last segment 
alone, every segment in the perforated shells is capable of 
obtaining at any rate a portion of its supply for itself; and 
hence a much greater degree of individualisation of the segment 
is possible in the latter case than in tlie former." The genus 
CarpfO'ttria ia remarkable for its external resemblance to the 
BataTii, and for possessing sponge-like spicules. It eeema to be 
weU established that the spicules belong to Carpenteria, and are 
not of extraneous origin. 

The greater insight that has recently been afforded us into the 
physiological importance of the various parts of a Foramini- 
ferous animal, has rendered the systematic arrangement proposed 
by D'Orbigny unsatisfactory. In 1654, Max Schnltze pro- 
posed a plan which was an improvement upon D'Orbigny's, 
but it is far from satisfactory. The work in which it appeared 
{Ueber der Organismus der Polythalamien {ForaimnifeTen) 
! nebstBemeikungeniiberdieRhizopodeninallgemeinen. Leipzig, 
1854) is one of Uie most important recent contributions to our 
knowledge of Forarainifera. The two most recent classifications 
are those by Professor Bronn and Dr. Carpenter. Bronn's is 
chiefly based on D'Orbigny's, with a few modifications as pro- 
posed hj Schnltze. The following is Dr. Carpenter's clasainca- 
tion. The definitions ore notgivenbythe author, but are drown 
up from the remarks scattered over his work -.-^ 



Family I. Gbonida. Body enclased in a unilooular membranoas teat. 
Genera: LubtrJathnia, 

Ivgynit. 
Family 2. Uiuouda. Shell oalcaieous, porcellanous, imperforate. 
Qenera: Sguamulina. 



, I. 



J 



JfiAeadiiTia. Corwupira. 
rerUbralina. MUiota. 
Fmeroplit. Sautritia. 
Faiularia. 



,.l 



Altmlina. Orbitotita. 
Dadylopora. 

AtituUria. 
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Familt 3. LrruoLiDA. Body enveloped in a layer of arenaceous cement 

subfltance. 

Genera: Troehafumina, 
Zituola, 
VaUntlina. 

Bub -order II. PERFORiiTA. 

Shell calcareous, vitreous or hyaline ; pseudopodia protruslble from all 
parts of the oody through numerous scatteied pores. 

Familt 1. Laobnida. Shell substance vitreous, finely tubular. Chambers 
flask-shaped, Tvith margin of aperture usually everted or radiated. 
Septa single. No canal system or intermediate skeleton. 

Laoeka. 



TTvifferma 



Orihoeerina. 
I 

Nodoaarina, 



Pdymorphifia, 



Lingulina. 



Bimulina. 



Bobulina. 



/ Nodosaria. 
Dentalina. 
Yaginulina. 
Plfuiularia. 
Marginulina. 
Dimorphina. 
Cristellaria. 



Glandulina. 



Frondicularia. 



Flabellina. 



Family 2. Globioebinida. Shell coarsely perforate. Septa single or 
double. Chambers usually connected by crescentic apertures. 

OvtUitea, OrbtUina, SpiriUina. 

TeXTULABINJE. GLOBIOESIN.S. BOTALINJB. 



Bulimina, 
Virgulina. 
BoliTina. 



Textuiaria, 
Bigenerina. 
Gaudryina. 

Spharoidina 
Vemeuilma. 
Grammostomuro, 
Ouneolina, 



I 



^ ■» 

Globiff'erina. IHtcorhina. CymbaJopwa. 

Planorhtdina. CdUartna. 

Truncatulina. Tinoponu, 
PuMmia» 

Planulina. JPatellina, 

Anomalina. Bolytrema, 
PuhintUma, 



Ccundulma. 

Botalia, 
Ehrenbergina. Chryaalidina. Carpenteria, 

Family 3. Nummulinida. Shell dense, with very minute tubuli. 
Double septal laminao in all but Amphiateaina, Intermediate skeleton 
and canal system well developed. Plan of growth usually spiral. 

Amphiat^ina, 
BolyaUmella, Ni*mmul%na, 

Nonionina. Operculina. 

Fuaulinaf Heteroategina. Cycloclypeus. Orbitoides. 

In the above, the names in italics are those of accepted 
genera ; the others are regarded as synonyms. It will be seen 
that this system diflfers widely from D'Orbignv's, given in the 
Cyclopiedia. For instance, compare what would be the distribu- 
tion of the genera forming the family Ghhigerinida, We find a 
few in almost every order : — 

Order 1. Mofioatega. OrbtUina. OvtUiUa. SpiriUina, 
Order 2. Oydoataga. Tinoporua, Patellina, 

Orders. Helieoatega. Globigerina, Carpenteria. FuUenia. Buiimina. 
Chryaalidina. Botalina. 
Order 4. Entomoatega. Oaaaidulina, 
Order 6. BnaUoatega. Textularia. Cuneolina, 
Order 6. Agathiatega, Sphcaroidina, 

Professor Reuss also has proposed an arrangement which 
agrees with Dr. Carpenter's m most of the more important 
points, as will be seen from the following sketch : — 

A. Foraminifera with imperforate shell. 

a. Shell arenaceous. 

1 Zituolidea. 

2 UveUidea. 

b. Shell calcareous, porcellanous, compact. 

1 Squamulinidea f 

2 Miiiolidea. 

3 Feneroplidea. 

4 Orbituiitidea. 

B. With perforate shell. 

a. Shell calcareous, vitreous, finely porous. 

1 Spirillinidea. 

2 Ovulitidea. 

3 Rhabdoidea. 

4 CriaUUaridea. 

6 Folymorphinidea, 

6 Oryptoategia. 

7 Ttztiiaridea. 

8 Oaaaiduiinidea. 

b. SheU calcareous, with multiple pores. 

1 RotaUdea, 
e. Shell calcareous, trarersed by a ramifying canal system. 

1 Ftdyaiomemdea. 

2 NiimmuUtidea. 



The Eozoon from the Laurentian rocks belongs to the 
Globi^erine fiEimily, but its place in the series is doubtfuL 
We should be inclined to place it between Calcarina and 
Timmorus, 

The Foraminifera occur in aU parts of the world, but the most 
widely spread genera are Miliola, Textularia, and Globigerina, The 
former two are sometimes found in deep waters, but are best 
developed at moderate depths, and in tropical climates. The 
last is rare on sea shores, but occurs in remarkable abundance in 
the deepest parts of the ocean. Thus the ooze brought up bv 
Captain Dayman from a depth of 2000 fathoms in the Mid- 
Atlantic consisted almost entirely, 97 per cent., of Globigerina, Dr. 
Wallich's observations on the soundines off Greenland at depths 
of 1260 and 1607 fatiioms, also yieldea a like proportion of this 
^enus. The ooze appears to consist of a surface layer of living 
mdividuals, and a substratum composed of the exuviae of the 
generations that have passed away. The Ghhigerinoe are not so 
widely spread as Miliota and Textularia, They do not occur in 
much abundance beyond the limits of the area occupied by the 
Gulf Stream. Thus they seldom exceed 50 per cent, of the ooze 
from the deeper parts of the Mediterranean, Red Sea, East and 
west coasts of South America, and elsewhere. The enormous 
aggregate number of tiiese beings is perhaps not so extraordinary 
as their density of population. Thus in one ounce of sand from 
the Adriatic, Soldam found 6000 individuals ; in an ounce of 
sand from Molo di Gaeta, Schultze found 1,500,000; and in an 
ounce of Cuban sand D'Orbigny foimd 3,840,000 individuals. 
The Globigerina from the Atlwitic are frequently studded with 
oval bodies, or coccoliths, whose average length is about l-2700th 
of an inch. Some specimens have a single aperture, others have 
the aperture divided by a central band, which gives them a 
quoit-like appearance. The coccoliihs are loosely attached to the 
coccospheres, so that they easily become detached. Hence they 
form a considerable proportion of some deep sea deposits. 
Similar bodies have been found in the Chalk. What relation 
they bear to the species to which they are attached has not been 
clearly ascertainea. Sometimes several species occur in connec- 
tion, apparently growing on the Nodosarian or on the Textu- 
larian mode of growth. The most highly organised Foramini- 
fera preponderate in the tropical seas, and many genera are 
entirely restricted to them ; — as for example, Orbiculina^ 
Alveoltna, OrhitoliteSf Calcarina, Amphistegina, and Heteroategina, 
This fact is also shown by the following figures given by Bronn, 
who thus distributes the living species, which, according to him, 
are 826 in number. Although most of these species are probably 
only Y€uieties, still that does not afifect any conclusion we may 
draw as to the general distribution of the Foramiinifera, The 
Mediterranean seems to be remarkably rich — ^it contains 273 
species; next come the West Indies, l)etween 15° and 23° N., 
with 169 species ; and then the East Indies and South Sea, with 
117 species. As we approach the colder latitudes the numbers 
rapidly faU off. Thus Great Britain is said to have 39 epecies 
(in Williamson's monograph, 59 are described) ; and the Korth 
Sea, off Norway, between 64° and 72° N., 31 species. As far as 
England is concerned, the present distribution seems to have 
prevailed durin£^ the post-pliocene and recent epochs ; but before 
the glacial epoch several tropical types dwelt on our shores, as 
evidenced by their remains m the coralline crag of Sutton and 
Sudbourhe. 

There is little to be added respecting the geological distribu- 
tion of these creatures. They appear to have existed as far back 
as geologists have been able to trace any signs of life. The 
earbest known form is the Eozoon Canadense ; and this, it should 
be noticed, has a skeleton of so great a complexity as to entitle 
it to rank near the top of the Foraminiferal series. Several 
points of its structure correspond with the essential characteris- 
tics in the principal typical forms of Foraminifera, In the 
structure of tne septa it agrees precisely with Nummulina; its 
intermediate skeleton and elaborate canal system find a close 
parallel in Calcarina; the mode of communication between the 
chambers much resembles what is found in Cycloclypeuf, Dr. 
Carpenter places it unhesitatingly in the Nummuline series, and 
thus points out its aflinities : — " And it appears to me that 
Eozoon takes its place quite as naturally in the Nummuline 
series as Polytrema in the Rotaline. As we are led from the 
typical Rotcuia, through the less regular Plcmorbulina to Tino- 
porue, in which the clmmbers are pi^d up vertically, as well as 
multiplied horizontally, and thence pass oy an easy gradation to 
Polytrema, in which aU regularity of external form is lost, so 
may we pass from the typical Operculina or Nummulina through 
Heterostegina and Ci/cloclypeus to Orbitoides, in which, as in Tino- 
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p&nu the chambers multiply, both by horizontal and by yertlcal 
gemmation; and from Oroitoides to Eozoon the transition is 
scarcely more abrupt than from Tirwporas to Polytrema,'* — 
(* Quart. Joum. (Jeol. Soc.' vol. xxi. p. 65.) The following table 
shows the distribution of the Foramxnifera : — 

TABLE OF GEOLOGICAL DISTRIBUTION OF FORAMINIFERA. 

Period^. 



Faktlies and Genera. 


II::::::: ! :::::::::::: : 1 :::::: : I : : : | : | : : | | ::::::::::::: : Pal»ozoic. 
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Jurassic. 


Cretaceous. 
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Peneroplis . 
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Orbitolites 
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Acicularia 
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Lituola 
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Lagenida . 

Lagena . 
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Orthocerina . 

Polymorphina . 

Uvigerina 
Olobigerinida . 

Orbulina . 

Ovulites 

SpiriUina 

Giobigerina 

Pullenia. 

Sphseroidina 

Carpenteria . 

Textularia . 

Chrysalidina . 

Cuneolina . 

Bulimina 

Caasidulina 

Discorbina 

Planorbulina 

Pulvinulina . 

Rotalia 

Cymbalopora . 

Calcarina . 

Tinoporus 

Pateilina 

Polytrema 
Nummulinida . 

Amphistegina 

Operculina . 

Nummulina . 

Polyatomella 

Heterostegina 

Cycloclypeus 

Orbitoiaea 

Fusulina . 

Eozoon . 
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In numerous instances the fossil species are represented not 
only \>j their shell remains, but also by casts of their soft parts. 
The existence of these casts was first announced by Proiessor 
Bailey in 1845. In 1853 Ehrenber^ showed that the body of the 
animal, even to the minutest ramifications in the canal system. 



was replaced by silicate of iron, and that a large proportion of 
the glauconitic granules, which give a greenish tinge to various 
sands and sandstones occurring in aU the geological forma- 
tions from the Silurian up to the present time, are for the most 
part internal casts of Foraminifera, During the United States 
survey of the Gulf Stream soundings were taken. In some cases 
the sediment brought up was found to be composed of about 
equal proportions of Giobigerina and black green sand. All the 
specimens of black sand examined contained numerous green, 
red, and white casts of Foraminifera^ evidently belonging to 
recent species, as several of the shells in the same sediment still 
retained their soft parts. Pourtales has observed the deposition 
of ^lauconite in other organisms, as in the cavities of Millepores, 
ana the canals in the shells of Balanw, He states (' Rep. Amer. 
Coast Survey, 1858 *) that the glauconite grains in Foraminifera 
are gradually denuded of their calcareous envelopes, and ulti- 
mately become "conglomerated into small black pebbles," 
sections of which still show under a microscope the character- 
istic spiral arrangement of the cells. The Eozoon appears to 
have been preserved by precisely the same process as is going 
on now at the bottom of the Atlantic. Its soft parts have been 
replaced bv silicates, while the calcareous skeleton is very little 
altered. By dissolving away the carbonate of lime the silicates 
are exposed, and these give an accurate cast of the original 
sarcode. In the Eozoon the silicates are a white pyroxene, a 
green seq)entine, and a green loganite. The most perfect casts 
are ^ven by the serpentine. It may be noticed tnat the re- 
placmg silicates are those of lime and magnesia, not iron. No 
glauconite (silicate of iron) has yet been found in the Laurentian 
rocks ; it first appears in the lower Silurian beds, but is most 
abundant in the secondary, tertiary, and recent deposits, in all 
of which it seems to have a close connection with organic forms. 
Little is known respecting the development of the Foraminifera, 
The ordinary mode appears to be by the detachment of portions 
of the sarcode body, as in the case of ^ma?&a, in which the ter- 
minal ends of the pseudopodia are left attached to some foreign 
object. These bits rapidly assume the form and habits of the 
parent mass. In Orbitohies aggregations of minute spherules 
sometimes appear in the sarcode, wmch it is supposed may have 
some relation to the reproductive process. Schmtze has noticed 
in specimens of Miliolaj which he sept under constant observa- 
tion, that thev threw off a slimy substance containing well 
defined ' granules. These granules loosened themselves and 
spread to a slight distance round the parent body. On examin- 
ing them with a lens, they proved to be voung Milioke, A 
representation of one is given in^. 2. A like phenomenon has 
been observed in Rotalia. Dr. T. S. Wright has found the 
young of ^rillina vivipara in the interior of the shell of the 
adult ; and Dr. Carpenter has met with a number of young 
Orbitolites occupying the central portion of a large specimen. 
How these young are produced, whether by a sexual act or by 
the breaking up of the parent body, has not been ascertained. 
Some observations have been made tending to show that the 
former alternative is the correct one. Thus in Gromia, Gornvr- 
epira, MUiolaf Rotalia, Orbulina, there are frequently bodies 
resembling the primitive ovum of Acalephse. Four of the seg- 
ments of a Truncatulvna contained one ovum each, and in these 
the germinal vesicle and spot could be distinctly seen. The ova 
are too large to escape by the apertures of the chambers, and it 
is believed that they may imdergo the same change as the similar 
body in Amaba venncosa. the ovum of which breaks up into 
amoeboid zooids sufficiently small to escape through the usual 
apertures. 

Carpenter, Introduction to the Study of the Foraminifera, 1862 ; 
Qreene, MantuU of the Protozoa, 1863 ; Bronn, Die Klassen und 
Ordnungen dee Thier-Reicha, Band i, 1860 ; Quart, Joum, 
GeoL Soc,, voL xxi. 1865 ; Nat, Hist, Rev, July, 1863 ; William- 
son, On the Recent Foraminifera of Great Britain, 1858. 

FREESTONE. [Sandstonb, E. C. S.] 
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GENERATIONS, ALTERNATION OF [E. C. vol. i. col. 137; 
vol. ii. cols. 949 — 953]. Further examples of this pheno- 
menon are given under Annelida, Aphis, Entozoa, and 
Hydrozoa, in the E. C. S. The term employed to denote it 
is not a happy one, and several others have been proposed 
instead of it, such as geneagenesis, &c. Professor Steenstrup 
made it embrace ideas which ought to be carefully kept distinct. 
Thus he cites Aphides, Entozoa, Mydrozoa, and bees as groups of 
beings which reproduce by what he terms alternation of genera- 
tion ; but the character which is common to all the modes of 
reproduction possessed by these creatures does not satisfy what 
seems to be the idea usually conveyed by these words. In ordi- 
nary generation, or rather in the mode of generation exhibited 
by those organisms which are most familiar to us, viz., the verte- 
brate, the ovum produces a compact individual mass, which 
resembles in form the parents which generated the ovum. This 
individual retains its singularity throughout life, and by the 
intervention of a second individual the circle is completed by the 
fecundation of another ovum. In the Bee the process of develop- 
ment is more varied. The parents produce eggs ; from each egg 
is developed an individual widely different from its progenitors, 
and, moreover, two or more different forms of young are the 
offspring of a common parentage. These ^oun^ become mature, 
and penorm their peculiar functions in inducmg the formation 
of a fresh batch of ova. In the vertebrates every individual is 
potentially capable of taking a direct share in the generative 
process ; but amongst the bees a portion of the brood does not 
acquire perfect sexuality, but aids in the continuance of the 
species by feeding the young or performing other tasks condu- 
cive to tne general welfare. In the AphididcB, Annelida, Entozoa, 
Hydrozoa, and other groups, the developmental process is more 
complicated. In these an egg produces a zooid ; the zooid gives 
rise to other zooids by gemmation ; and these zooids undergo 
various changes of form prior to their acquiring sexual maturity. 
In the Aphides the metamorphism is simple and slight ; but in 
Entozoa and Hydrozoa it is complex ana great. In Bees, as in 
man, the multiplication of individuals is effected by the mature 
sexes only. In the Hydrozoa, &c., individuals originate only 
from sexes, if by * individual ' be meant the educt of each ovum. 
In the Bee the individual is single ; but in the Hydrozoa 
and some other invertebrate classes the individual consists of 
numerous zooids. The non-sexual zooids reproduce their kind 
without the intervention of eggSL The Bees, then, differ from 
the Hydrozoa, Entozoa, &c., essentially in some features of their 
generation, but agree with them in undergoing polymorphic 
development, and m consiBting of polymorphic zooids ; but this 
many-lormedness which constitutes their common feature is not 
alternation of generation. The phenomenon which in Hydrozoa, 
&c., constitutes alternation of generation is the occurrence of 
gemmating zooids succeeding others which generate by eggs ; 
in this respect they differ from the Bees ; and nence, as we said 
above, it is desirable to place the mode of generation amongst 
Bees in a distinct category from that amongst HWrozoa; and to 
keep polymorphism distinctfrom geneagenesis. Further caution, 
moreover, seems requisite to prevent the term alternation of 
generation from giving rise to misconception. Thus the alter- 
nation of generation which is presented hj^M the groups known 
to exhibit it consists in one firm of the individusd multiplying 
by a non-sexual process, and a different form generating sexually. 
This is quite a distinct thing from what some persons imagine 
the term to imply, viz., the alternate occurrence of two forms of 
the individual, both of which reproduce sexually, no example of 
which phenomenon has yet been established. In this article we 
have based our remarks upon the consideration that gemmation is 
radically distinct from ovulation ; but it is possible, as hinted 
under Aphis, E. C. S., that both these generative processes have 
a closer relation than is usually supposed, and that both may be 
sexual operations. 

GEOGRAPHICAL DISTRIBUTION OF ANIMALS.— 
Details respecting the distribution of living animals in space are 
scattered under &e names of the classes, or families, or genera. 
In this place we wish to make a few observations, which, as they 
do not exclusively concern any one group, may be brought 
together here. 



It is a manifest truism that every species does not occur in 
every locality ; it is also well known that the various animal 
classes are not equally represented in every region ; and hence it 
is obvious that so far as space alone is concerned, there is an 
inequalitv in the distribution of animals. This inej^uality mani- 
fests itself in many ways. Some creatures live in the water, 
others on the land, and others again dwell both on land and in 
water. Of the aquatic tribes, some are confined to fresh water, 
many to the sea, while a few species constantly pass from the sea 
to the fresh waters and back again. On comparing the fauna of 
one region with that of another, it is observable that one pos- 
sesses species not possessed by the other ; and when the exami- 
nation of many faimas is carried on it is perceptible that the 
limits of each species or each group are regulated ty some law or 
laws. And as the inquiry is pursued the student becomes im- 
pressed with the conviction that all the differences, even the 
minutest, are explicable in some way. The study is, however, 
very incomplete, and one great defect is, that it is chiefly confined 
to the living species, whereas it is essential to the due under- 
standing of the distribution as it is now that every effort be 
made to ascertain what it has been in times past. 

The geographical distribution of animals throws much light 
upon many scientific questions, such as the evolution of species, 
tne mutations of land and water, the relation between the fauna 
and the climatal, orographical, botanical, as w^ell as the zoological 
conditions, amidst which it is situated. The fauna is related not 
to any one set of conditions, but to all ; and the nature of the 
relationship varies for each district and for each fauna. Further, 
it would seem that the character of the fauna is, in great measure, 
dependent not only upon the conditions to be observed now, but 
also upon aU those which have been in operation during the 
existence of the species, the genus, or the family. When the 
difficulties of an animal passing from South Africa to South 
America are considered, it seems natural that the animals of the 
one district should be wholly distinct, as regards species, from 
those of the other. But, at first sight, it is difficult to compre- 
hend why Celebes and the Australian region should possess 
a fauna as distinct from that of Borneo, as are those of South 
America and South Africa ; nor do we readily see why South 
Africa itself should have so different a group of beings from 
the northernmost part of that continent Again, it is remark- 
able that there is a far closer relation between the mammals of 
South Africa and India, than between those of South Africa and 
North Africa. For instance, taking mammals only, the New 
Worid has many families which are entirely unrepresented any- 
where else. There are several families found in South America, 
and not in North America, but the latter district possesses no 
family which has not its representative in the latter. This 
conforms in a great degree with the present configuration of the 
land. Many families are common to the Soum African and 
Indian regions, and restricted to them ; and there is scarcely a 
family found in the one which does not occur in the other. 
Hence the difference between the faunas is chiefly generic. 
Europe and North Asia possess no families, of which some forms 
do not extend into Africa or India ; and the forms which are 
peculiar to the Europeeo-Asiatic region are only generally 
distinct from those of the Indo- African region. This distribution 
does not conform to the present arrangement of the land, and 
seems to indicate that formerly South Africa was more closely con- 
nected with India, and less so with North Africa, than it ijs at 
present There is, then, an interesting parallel between the Old 
and New Worlds, for in both aU the northern families range into 
the southern areas ; and in both it is the latter areas which have 
in addition a number of families peculiar to them. The same 
phenomenon is to be noticed in birds, reptiles, fishes, and pro- 
bably many other classes. Thus, in the case of birds, the species 
are far more crowded in the south than in the north. The 
northern regions, which together comprise about 21 million 
square miles, have 1110 species, according to Sdater's estimate iu 
1858 ; while the southern regions, which in the aggregate have a 
land surface of about 24 million square miles, are inhabited 
by about 6000 species. The districts richest in species are India 
and South America. Again, amongst fishes, of which 8000 
I species ore known, upwams of 2000 nave been found in India 
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only ; and South America also has a remarkably varied piscine 
fauna. Of the many coincidences which coexist with tnis ar- 
rangement, climate, at any rate, does not seem to be the most 
important; and although no one condition, or peculiar set of 
conditions, should be specially referred to as the main cause of the 
arrangement ; yet there seems to be a close connection between 
the degree of isolation of the land and the variety of the fauna. 
Another remarkable feature of these living faunas of the south 
is that they have a more antique element in them than 
those of the north, — that is, the nearest living representa- 
tives of the oldest extinct vertebrate species of the north are 
nearly always resident in South Amenca, or South Africa, or 
South Asia and Australasia, and very rarely in the northern 
hemisphere. Thus, to cite one or two examples, the nearest 
living relative of the Archccopteryx is the Ckauna derhiana of 
Brazil; the nearest allied recent representative of the triassic 
Telerpeton of Great Britain is the HcUteria of New Zealand ; the 
Osteolepis of the Old Red Sandstone is not very diflferent from 
the Polypterus of African rivers ; and we might give illustrations 
from many other families. We do not mean to say that the 
antique types do not exist in the north, but that they are much 
more abundant in the south. Neither do we mean to urge that 
climate has an unimportant influence in regulating distribution ; 
for amongst European animals there are many facts which show 
a close connection between the boundary of a species, or group of 
species, and the temperature. Thus, we may refer to the range 
of the reindeer [CEBViD-ffl, E. C. S.] ; and to the gradual increase 
in the number of genera and species of fishes and molluscs in 
passing from north to south. Thus, there are 120 ^era of 
fishes m Scandinavian seas, 130 in those of Great Bntain, and 
227 in the Mediterranean. Again, the mollusca (exclusive of 
nudibranchs and tunicates) increase from 116 genera in the north, 
to 129 in British seas, and 155 in the Mediterranean sea. 

We have said that the present distribution of animals throws 
much light upon the former alterations in the position and 
connections of land and water. Each class probably teaches 
much in common with other classes, but in addition, it indicates 
something which the othera do not Hence, caution is required 
in applying too generally the indications drawn from any one 
class. No group is so well known as mammals, and it is pro- 
bable there are fewer species undiscovered in this than in any 
other class. Hence the distribution of this group reveals things 
more clearlv than that of any other ; and on this ground we 
preferentially select a few facts from it. 

Living monkeys are restricted to warm climates. Their 
northern limit is about 20° N. lat. in America and Asia; and 35° 
N. lat. in the Mediterranean area, where they extend to the 
African borders of that sea, while one species is sparingly 
represented in Gibraltar. Formerly they existed much farther 
north in Europe. The greatest density of species occura a few 
degrees on either side of the equator in America, Africa, and 
Aua. The southern limits are La Plata in America, the ocean 
south of Afric€^ and the islands off North Australia. Monkeys, 
however, are not known farther east than Celebes in the south, 
and Japan in the north. The American monkeys form a group 
distinct from the Old World species; the latter constitute the 
Platyrhini, and range from tne west coast of Africa to the 
extreme eastern limits of the order. The same difference has 
obtained as far back aa monkeys have been traced, or the 
miocene, perhaps the eocene, period. From these facts we draw 
the hypothesis that there has been no land connection between 
Africa and America which would permit monkeys to pass from 
the one continent to the other ; we might hazard a more general 
hypothesis, and infer that there has oeen no land connection 
between America and Africa anywhere within the parallels of 
30° on either side of the equator ; and might even venture still 
farther, and extend the northern limit to the 50th degree of 
latitude. The catarhine monkeys stretch from West Africa to 
Celebes, and on all the principal intermediate islands. This 
seems to point to the existence of a continuous land surface 
between these two extremes since the eocene period. The 
continuity may have been contemporaneous, or epochal Our 
meaning will be clearer if we restate the phrause in another way. 
There may have been a continuity of surface from Africa to 
Celebes at one and the same time*; or Africa may have been 
connected with Madagascar, Arabia, and India, at the same 
moment ; subsequently India may have been disconnected from 
Africa, and then connected with Sumatra and Celebes. It is 
this latter kind of continuity that we have termed epochal 
This connection has, as the feu^ts seem to indicate, occurred 
during the existence of the anthropoid apes, which now occupy 



three separated areas, viz., the West Coast of Africa, Sumatra, 
and Borneo. The baboons also occur in separate areas, viz., the 
southern two-thirds of Africa, the Philippine Islands, and Celebes. 
The family Lemuridas occurs in Africa, Madagascar, India, and 
the eastern portion of the Malay Archipelajjo. Gray divides it 
into two sections, the Indrini and Lemurinu The former con- 
sists of two genera, Indri and Propithecus, both of which are 
restricted to Madagascar ; of the Lemurini the genera Vareda, 
LemuTj Macrorhinus, HapUemur, Cheirogaleus, Lqnltmur, are 
restricted to Madagascar ; and the other genera are confined to 
limited African regions, with the exception of GalagOj of which a 
doubtful species is recorded from Madagascar. Madagascar is 
the headquarters of the group, and we should surmise that 
Madagascar was once connected with Africa, and thattiie senara- 
tion occurred before the establishment of the present genera^ 
but subsequent to the differentiation of the two tnbes. 

The Camivora have a range which enables us to support the 
indications drawn from monkeys, and to advance a step or two 
farther. Our knowledge of the extinct forms is necessarily 
scanty and imperfect, but in pre-glacial times they occupied 
widely separatea tracts, or rather their fossil remains have only 
been found in such tracts. They are the central portion of 
North America, Southern Europe, and Northern India. These 
tracts occur within a narrow latitudinal band immediately to 
the north of the range of living monkeys. One genus, viz., 
Machairodus was represented in the pliocene period both in 
America and in Europe, but by different species. From this we 
infer it as possible that there has been land connection between 
America and Europe within the time of this genus, and in a 
latitude inhabited by it What the extreme range of the genus 
was there is no telling, but the remains are confined between 40° 
and 54° N. lat. in both continents. The connection may have 
been within these latitudes, but from other circumstances it was 

?robably somewhat fettther north, or between 50* and 60° N. lat. 
'he little we know about the large carnivore indicates liat 
their range has been diminishing for a long time past, and that 
their northern limit has been retreating southward. The lion 
and the tiger, the principal representatives of the genus Fdis, 
occupy distinct areas which just overlap. The lion roams, or 
did within the memory of man, throughout Africa, Arabia. 
Persia, and North- West India. The tiger begins in Persia and 
roams throughout India, Thibet, China, Sumatra, and Java ; but 
does not extend into Ceylon or Borneo. The distribution of the 
leopards and jaguara is almost the same as that of the monkeys ; 
one important odfference is that these carnivores do not occur in 
the islands east of Borneo and Java. But there is one significant 
fact which is certainly difficult to explain, but which we imagine 
is an important clue to the past distribution of the group. Felis 
irbia is one of the most characteristic animals in Thibet and 
Siberia. Fdis onca, the jaguar, is exceedingly like it, and 
occiurs in Central America. Murrajr says of them " that their 
physical resemblance to each other is too ^reat to allow any one 
to doubt that they have been derived either from a common 
ancestor or one from the other. How, then, are we to account 
for their being found on opposite sides of the Atlantic or Pacific. 
The closeness of their resemblance naturally suggests a recent 
divergence from the common stock, and we might expect that 
their distribution is due to the ancestora of the one or the other 
having found their way across from Europe to America, or from 
Amenca to Europe, after the retreat of the glacial cold, and 
before the bridge afforded by the miocene Atlantis had been 
broken down. But unfortunately for this view we know that 
this bridge was severed before mammals had become established 
sufficiently far north to avail themselves of it. It is only 
northern plants and insects which have found the way from 
Europe to America after the return of warmth. If it had been 
open for the leopard it was also open for the cave lion and the 
cave hyeena, ana their absence in America is a strong presump- 
tion against such a bridee being then open. We are tiius driven 
to refer the origin of tnese leopards in both hemispheres to a 
period antecedent to the glacial epoch. The smaller cats are 
about equally divided between southern Asia and South 
America. The hyaenas, so far as the feusts go, are only known in 
the Old World, but they extended much farther north in the 
post-pliocene period than thev do now. The Canida are world- 
wide ; but the distribution of its subsidiary groups corresponds 
nearly with the great mammalian regions as imderstood by 
Murray. The true wolves stretch all across the land of the 
northern hemisphere north of 30° lat in America and a somewhat 
higher latitude in Asia, but they rarely go farther north than 
the Arctic circle. They existed, within me historic period in. 
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the British Isles ; the dog- wolves are confined to South America ; 
the jackals to Aiiica and South Asia ; and the dingo to Austra- 
lasia. The MustelidcB are very generally distributed, occurring 
throughout America, Europe, Asia, and many parts of Africa. 
They are absent from the Australian region, as also from Mada- 
gascar and Ceylon. The great preponderance of species is in 
the northern temperate zones oi America, Europe, and Asia, 
and most of the tropical species abound most in the coldest habi- 
tats of their region. Tne great stronghold of the familv is. 
Americ€^ where one hidf the species are found ; one sixth of 
them are natives of southern Asia ; one ninth are restricted to 
northern Asia ; another ninth belong to Africa and tlic Medi- 
terranean district, and the remaining ninth are scattered over the 
northern parts of Asia and America. Several genera arc common 
to North America and Europe ; from which we gather the same 
hypothetical inference as we did from the distribution of the 
Fetida:, namely, that there has been a northern connection be- 
tween Europe and America in middle latitudes since the origin 
of these genera. The ratel ranges from the Cape of Good Hope 
to Arabia, Persia and North India. The Ursidas form a compact 
group, that is, the species are closely allied one to another, and 
hence their distribution is calculated to afford valuable testi- 
mony. The common bears, UrsuSf occupy nearly the same area 
as the wolves, but with a more southward extension. U. arctos 
formerly occurred in Britain, and extends all across the 
Europeeo-Asiatic continent, and although the bear is a good 
swimmer, this fact would lead to the conjecture that before the 
species became extinct in Britain, and subsequent to its appear- 
ance as a species, England was united with the continent. This 
conjecture is abundantly verified by other facts. Closely allied 
to the European brown bear is the U, ferox of America ; and 
this again points to the circumstance that since the pliocene 
period the bears have been able to communicate between Europe 
and America. It might be sug^ted that this communication 
was and is by water ; but the circumstance that the American 
bears are not quite the same as those of Asia or Europe would 
indicate that the two groups are now isolated. Moreover, if it 
be true that the extinct U» prtscua of Europe is the same as the 
Z7. ferox of America, as has been urged by recent anatomists, this 
points to a closer connection between the continents formerly 
than now. It is somewhat difi^cult to be confident as to the 
correct determination of species, upon which a great deal de- 
pends, and hence too much reliance should not be placed upon 
the truth of the conclusions drawn from their distribution. 

The Equtdof, so far as known, appear to have had a remark- 
able distribution. All the indigenous living species are confined 
to South and East Africa and southern Asia. Nowhere do they 
reach much farther north than 60° N. lat. The extinct species 
have been found in South Europe, their northern limit Deinc 
about 54°. Crossing the Atlantic the extinct species occupiea 
the area between 23° and 60° N. lat. and the whole of South 
America. The extinct Equidas thus occupied three distinct 
tracts, none of which areas coincide with that on which the 
living species are found. Do these tracts represent centres of 
creation? We imagine not. And, as one instance in favour of 
their former connection in some way, it may be noticed that E, 
curvidene has been discovered both in South America and in the 
United States ; and that the species most nearly allied to it is 
the qua^a, which is confined to the southern extremity of 
Africa. Resorting to conjecture, not however in a random way, 
but according as the facts appear to point, we should suppose 
that Equus curvidens has passed from South America to the 
United States ; that this species or an allied one has crossed by 
land from the United States to Western Europe and North 
Africa, and that this has been replaced by the quagga. One 
good fact in support of this view would be the occurrence in the 
later tertiary strata of Europe of a horse connecting E. curvidens 
with the (^uagga, or of either of these species. The distribution 
of the livmg and extinct OamelidcB is somewhat analogous to 
that of the horses, in that the living and extinct forms occupy 
different areas. The living speciesdwell in the tract extending 
from China on the east, through Thibet, 'Worth India, Persia, 
and Arabia, to North Africa on the west. The northern limit is 
about 43" N. lat Another portion of the fan^y dwells on 
the Andes from the Equator to 64° south of it. The extinct 
species have been foimd in North Asia, North America, and 
South America. Murray has some remarks upon this group, 
which we q^uote. "The camel is a very ancient beast, one of 
the oldest, if not the oldest, species of mammal now living on 
the face of the earth, and it Has apparently always been, as at 
present, a servant of man. Other domesticated animals— the 



dog, the elephant, the horse, the ox, and the sheep-— have, with 
greater or less success, been referred by naturalists to their 
original wild types ; but all attempts to do so with the camel 
have stopped short at the threshold, from the simple fact that 
it is sole and singular, and has no allies in the hemisphere in 
which it is found, nor have any wild species of its own genus ever 
been met with. The first accounts of it, in perhaps the oldest book 
in the world (Job), speak of it as domesticated, and there are 
no accoimts of its ever having been otherwise. But Sir Proby 
Cautley and Dr. Falconer discovered in the Sevalik formations 
in the Himalayahs remains of it, or of species (they think there 
are two) so closely allied to it as to be scarcely distinguishable 
from it As the difference is so slight, it pleases us to think that 
we may have here in this most ancient animal, a species which 
saw the miocene epoch, and which has survived all the chances 
and changes which have taken place since then. Subsequent to 
that time another well marked species also existed, the huge 
Merycotherium, a monster, a giant, a camel as big as a came- 
lopard. Possibly it may have been contemporaneous with the 
camel during the miocene period, but traces of it have only been 
met with in the Siberian drift This may fedrly be held to 
extend the range of the Camelidat to the eastern bounds of Asia, 
and we find it taken up on the other side of the Pacific by the 
genus Camelops found m Kansas, and the genera Procaniehta and 
Leptauchenia from the Mauvaises Terres on the Missouri, and 
carried down into Brazil by extinct species of the Guanaco, 
remains of which were found by Dr. Lund in the caverns of 
Brazil." The current evidence, then, it will be observed, so 
nearly bridges over the great chasm between the two areas occu- 
pied by the living forms that very little more is wanting to 
convince the student that the area of distribution of this family, 
if all were known, would prove to be a continuous land area. 
All the species are terrestrial, and so rarely take to water that 
one is not inclined to credit them with having extended their 
boundaries by swimming across htige arms of the sea. It seems 
probable that the areas of all famines are continuous, however 
much the members may now be scattered. The distribution of 
the Bovida is exceedingly scattered, but if, as many facts seem 
to show, the intermediate areas have at one time or other sup- 
ported one or more species, we have another family to support 
the notion that Europe and America were once united. The 
musk-ox has usually oeen referred to this familv, but many 
good authorities now consider it to be a sheep, ana therefore no 
further allusion will be made to it here. The bison occurs in 
the central portion of the United States. It is represented in 
Europe by the aurochs, which, not many centuries back, was 
generally distributed in the temperate zone ; and a species inter- 
mediate between it and the bison has been found in the post- 
glacial deposits of Northern Europe and Western Siberia. The 
gayal {Bos frontalis), occupies a sinall tract in North-east India, 
contiguous to those to which the gayour (Bos gaurus), and Ben- 
tang (Bos sondaicus), are restricted. The former occurs through- 
out India ; the latter stretches from Birma through some of the 
islands of the Malayan Archipelago to Java. Bos taurus is dis- 
tributed through various parts of Africa, Asia and Europe ; B. 
primigmitis, B, longifwns, and B, froniosus, belong to Western 
Europe. 

Amongst the Ovidcs also there is one genus common to Europe, 
Asia, and America. Giebel recognises five species only of Ovis, 
0, musvmon occurs in the countries bordering the north-east 
end of the Mediterranean sea ; 0, tragelaphus in North Africa ; 
0. argali and 0. hurrhel in Asia ; and 0. montana in the Rocky 
Mountains. The 0. nimcola of Kamtschatka may be a sixtn 
species, and 0, sibirica of the Altai Mountains a seventh. The 
goats have very nearly the same distribution as the sheep. The 
AntilopidoB occupy a continuous area, which extends from the 
Cape of Good Hope on the south to the Mediterranean on the 
north, and eastwardly as far as the Pacific Ocean. The species 
are most abundant in South Africa, less in Nubia, Arabia, 
India, and the Malayan Archipelago ; and still less so in the 
coimtries farther north. Giebel arranges the species into -11 
groups ; each group generally occurs in one area. There is an 
exception, viz., the group Bovina, one species, -4noa depressicornis, 
occurring in Celebes, ana a second, Damalis oreas in South Africa. 
The CermdcB extend through Europe, Asia, and America. Seve- 
ral of the species frequenting high latitudes are common to 
America and the Old World. The swine (Suute) are essentially 
the inhabitants of warm climates, the head-quarters being the 
East Indies. Like most famiUes whose range is more souUiem 
than northern, the American forms are generally distinct from 
those of other continents. When a family is more confined to 
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the temperate zone there is a somewhat closer zoological relation; 
but when a family tends towards high latitudes, itis not unusual for 
closely (dlied, or even the same species, to occur in both America 
and the EuropsBO-Asiatic continent. The AnoploiheriidcB is an 
extinct family ; remains of its species have been found in India, 
Western Europe, and North America, or the same distribution 
as that of the preglacial carnivores. This similarity in part arises 
trom the sporadic distribution of the older tertiary mammalia- 
eontaining strata. The genus Tapirus consists of several species, 
of which some occupy an area widely separated from that 
occupied by the others. T, americanvs has a wide extension in 
Soutn America. T. Laurillardi probably inhabits Venezuela. 
T. Bairdii is also a Central American species. T, Roulini dwells 
in the higher ranges of the Andes, and is clothed with long, closely 
felted hair. T, indicus is confined to Sumatra^ Malacca, and 
south-west China. This arrangement seems qmte in harmony 
with the idea of special creation in distinct centres, and opposed 
to that of continuous areas for the same family. The gap is 
partially filled up by what we know of the fossil species, and 
we expect future researches will suj^ply the deficiency. At any 
rate, fossil remains of existing species have been discovered in 
Texas ; and relics of extinct species of the same genus have 
turned up in various parts of western Europe. On the hypo- 
thesis of continuous areas, this instance is strongly in favour 
of a land connection between western Europe and eastern 
America. The ProhosddcB existed during the miocene period 
in the United States, western Europe, and northern India. 
In the pliocene period they ranged from Patagonia to Russian 
America, and so by northern Asia to western Europe ; while 
the existing species have lived in Europe, and are living in 
Africa and India. Who will trace out in what way and in what 
order these changes of distribution were effected ? It would 
seem that in the upper miocene period there was an overland 
route from America to western Europe across the site of the 
Atlantic ; that in pliocene times elephants and mastodons were 
able to bridge the chasm between Ainerica and Asia, and that 
since then tne species peculiar to Africa has appeared on that 
continent Murray has the following remarks as to when and 
where Africa probably derived its species : — " We may assume 
that it was not before the miocene epoch, as no evidence of the 
existence of any prior to that period has anywhere been found. 
If at the miocene period, then there must have been some other 
connection between Africa and other continents than what now 
subsists — for at that time there were elephants also both in North 
America and India; and the idea of three separate centres of crea- 
tion is out of the question. It follows that a connection between 
Africa and some other country where pachyderms were, must have 
subsisted to allow of their appearance there; and as, for many rea- 
sons, a connection of Africa with India seems more probable than 
one with any [other] country,- the pachyderms furnish additional 
confirmation oi the hjrpothesis of a lormer connection with it. Dr. 
Falconer's views correspond with this in referring to India as the 
nursery of the European forms, both of African and Indian 
type. He says that if the asserted, f&^s be correct, they seem 
clearly to indicate that the older elephants of Europe, such as 
E, meridumalis (of the African type) and E, antiquiu (of the 
Indian type), were not the stocks from which the later species, 
E, primigenius and E, afncanus, spring, and that we must look 
elsewhere for their origin ; and that the nearest affinity, and that 
a very close one, of the European E, TneridioncUis is with the 
miocene E, planifrons of India ; and of E, frimigenitLa with the 
existing Indian species. That E. primigmius may have sprung 
from the present or some extinct Indian species seems extremely 
probable. As to E. meridionaltSy we must remember if it is 
near to E, planifrona, so ia E. africcmusy aU these belonging to 
the same section, and E, planifrom being the only Indian one 
with the African type." For our part the facts do not seem to 
indicate any closer connection between Africa and India than 
at present For they show, first, that in post-pliocene times 
elephants had a high northern range, whereas now their range is 
restricted to the soulJi ; and next that both the Indian and 
African species of the present day formerly lived north of the 
Mediterranean. There is no obvious objection why the African 
species may not have entered from the north by the present 
land, or by the land which there is reason to thmk connected 
Italy and Sicily with North Africa. This is quite in harmony 
with what we Know of the southern retreat of a portion of the 
post-pliocene fauna at and after the elacial epoch. 

One of the peculiar features of tne South American mam- 
malian fauna is the great number of Edentata which it includes. 
Were Edentates restricted to South America, it might be urged 
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that this order was specially created for this district, and that 
they never lived anywhere else. At present they are found 
from Patagonia to Texas in America ; in South Africa ; and again 
from the east coast and south point of India to Java and the 
Philippine Islands. Fossil species have been found in the 
United States between 20° and 60° N. lat; and so nearly allied 
are they to South American forms, that it is probable they occu- 
pied a continuous area in some past geological time. A fossil 
species has been discovered in Europe, on which Murray thus 
remarks : — " One most interesting fact bearing upon this point 
[viz., the connection of America with other soutnem lands], is 
that the remains of an extinct edentate animal (named 
Macrotherium gigarUeum) have been found in the Old World 
(from miocene beds at Sansans, in the South of France, and 
at Linz), and although they are very imperfect, sufficient has 
been made out, first, to lead Cuvier to class them with the 
Pangolin ; and now, when additional though still most meagre 
materials have been obtained, to cause Gervais to suppose them 
most akin to Orycteropus; lastly, to enable Professor Owen to say 
with confidence that they belonged to a gigantic genus inter- 
mediate between the Manis and Orycteropus. It is right to add, 
however, that this determination is not that of all palaeonto- 
logists. Dr. Giebel finds no resemblance in the remains to 
those of OrycUropus. He thinks them much closer to the 
smaller armadillos. The determination of this point has much 
interest. If the animal was a pangolin, it shows that the only 
edentate fossils in the Old World belonged to the same type as 
still continues to inhabit it ; while, if more nearly allied to the 
armadillo, it furnishes another instance, in addition to that of 
eocene opossums from the Paris gypsum, of a form supposed to 
be peculiar to South America having at that time «dso lived in 
Europe. Professor Owen regards its Old World relations 
(between Manis and OrycUropus) as deeply interesting, on 
account of the geographical position of both these edentate 
genera, viz., on tracts of land^ which are now most contiguous to 
the continent containing the remains of the extinct osculant 
genus ; but although most conti^ous now, we must remember 
tnat at the time when Macrotherium lived, Africa was wholly dis- 
articulated from Europe, and India probably from Asia; the com- 
munication between the country to the nortn and that to the south 
of the line of the Himalayan range and its extensions being ap- 
parently difficult or wholly interrupted. In fact, there appears to 
nave been freer communication between the New World and the 
Old than between the Africano-Indian re^on and Europe." 

The Insectivora occur in North America, but do not extend 
beyond the Arctic circle in Asia and Africa. The moles have a 
sporadic distribution, some being resident in the United States, 
others in the southern portion of Europe and Asia, and again 
others in South Africa. The group occupying each area belongs 
to a particular type ; — Talpa representmg Europe and Asia ; 
Scalops, North America ; and Chrysochloris, South Africa. One 
genus, however, is common to California and Japan. The frugi- 
vorous bats form one of the few families which connect Afnca 
and India with Australia ; and they constitute one of the few 
families represented on islands, occurring in Madagascar, the 
islands of the South Pacific, and others. The leaf-nosed bats 
occur in South America, Africa, and South Europe, southern 
Asia, and Australasia. They form two sections, of which one, 
lihinolophi, are peculiar to the Old World; and the other, 
Phyllostomata, to the New World. The Gymnorhime have nearly 
the same distribution as the leaf-nosed bats ; but thev range 
somewhat farther north. In connection with this, we nnd that 
there is a closer alliance between the faunas of an area of given 
size belonmng to the bats without nose leaves, than between 
those whi(£ have nasal appendages. Thus, there is no genus of 
leaf-bearing bats common to the Old and New World ; whereas 
several genera, and some species, belonging to other families, 
are founa both in America and Europe. 

The HyHricida are found in North and South America, in 
Africa, and in southern Asia. The species are most abundant in 
Brazil, less so in other parts of South America, still less so in 
Central and North America, and still less in Africa and Asia. 
Very few species have a high northern range. The porcupines, or 
HystricinaLore common to America, Europe, Afnca, and Asia. 
The Old World species are burrowers, and nave a different type 
of structure from their New World allies, which are arboreal m 
habits, and provided with prehensile tails. The beavers show a 
remarkable distribution. The extinct species have, as yet, only 
been obtained from the east coast of the United States, and the 
west coast of France. The living species have a wide range in 
North America, and had very recently in Europe. The genus 
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Lagomys occurs in the Rocky Mountains, and in Central Asia. 
Its former connection would seem to have been by way of Asia 
and America ; but as fossil species are known in the pliocene 
beds of Western Europe, there is a possibility that the connecting 
route was from Europe to North America. The genera Tamieu 
and Spmnophilus extend along the temperate region of Asia^ and 
by Behrin^s Straits into North America ; the species on either 
side of the strait are distinct, although very similar, and the 
course of migration seems to have been across the straits them- 
selves, or the land which occupied their site. Caution, however, 
is required in assuming, without the direct warrant of facts, that 
these creatures can reamlv cross the straits, either by w:ater, or by 
ice, when frozen over. Murray has some remarks on this, which 
we give here, in order that his views may be rendered clear : — 
" Dr. Baud says, and I suspect the majority of naturalists would 
concur in the remark, that * there is nothing to prevent the 
mammalia of the north-western portions of the American con- 
tinent from passing over to Asia, or the strait intervening, 
when frozen over every winter.' Now, I think we may some- 
times stretch this idea too far. It is perfectly true as regards 
some animals, but I am not sure that it is equally applicable to 
alL The quotation which I have given from Captain M'Clin- 
tock's diary shows that apparently the whole of Tolar animal 
life is migratoTV, and swarms across the ice as freely as over the 
land. But I nave some diflBculty in believing that non- Polar 
animals would equally avail themselves of the same means of 
transit. Certainly the fact seems to have been that these 
SpermophUm do not avail themselves of this yearly bridge, for 
neither of them extend their range beyond their respective con- 
tinents, but come up close to the straits — S. Parrui being foimd 
in the island of Aricamtchitchi at the straits, and the other on 
the Kamtschatkan shore. If it were not so — ^if the time when 
they crossed from one continent to the other was not distant, 
why are they not absolutely identical ? If S, Parryi could take 
a run across to see its cousin, 8, Eversmanni, every winter, or 
V. Ever8manni in like manner come over to America, why should 
HI the American specimens be bigger ? and why should they all, 
and always, have shorter and busnier tails ? Some distinctive 
difference occurs in every species with which I am acquainted, 
which is represented both in North America and the Old World. 
There is constantly a perceptible distinction, although it be slight. 
On this ground, it seems to me plain that the journey across 
Behring's Straits is not a thing which 'there is nothing to 
prevent.' In one sense (the physical one) there is nothing to 
prevent it." He goes on to remark that the voyage is one of 
great hardship and uncertainty to a Spermophile. Several days 
would be required, no food would be obtainable, and there is no 
apparent inducement to leave the place where food is, for an 
imknown locality, to reach which so much danger is braved. 
The Spermophiles, it should be noticed, are not migratory 
animals. The Arvicolinw, exclusive of the Lemmings, are spread 
over the northern hemisphere ; but few species occur in high 
latitudes, nor are any known south of 2(f N. lat The Lemmings 
range as far north as navigators have attained. The Murida are 
exceedingly numerous in snecies, and have a very wide range. 
Like some other families, which occur in both the Old and New 
Worlds, the groups occupying the two areas form natural 
zoological sections. Those of the Old World have large and 
broad molars, with transversely situated tubercles ; the upper 
molars have three tubercles in each transverse series. Those of 
the New World have narrower molars, and only two tubercles in 
each transverse row. This seems to be the natural arrangement, 
but it has become somewhat confused in consequence of the 
facilities which civilization has afforded for the introduction of 
species from their original area to others which are adapted for 
tnem. Thus, the common rat is found everywhere, and in North 
America it thrives as well as any species. There is no positive 
record as to when it was taken there, but there is little doubt it 
has been introduced from Europe by man. Several species of 
M\i8 have been described as new from South America, which on 
examination have proved to be varieties of some common 
European rat ; and it is highly probable they have been intro- 
duced. If this iixct be established, it has an important bearing 
o'n geographical distribution, for it shows that when a European 
rat is transferred to South America, not only may it thrive, but 
it varies. This variation has taken place smce Europeans first 
crossed the Atlantic The indigenous forms on either side of 
this ocean are generically distinct. On the hypothesis, then, of 
continuous areas, and the evolution of species by variation, it 
might be said that the varieties have sprung up since the Euro- 
pean touched upon the shores of South America; and in 



like manner, that the present genus Mv/s, and at least one 
or two others, have originated since the Murida on one side 
of the Atlantic ceased to communicate with their allies on 
the other. The cessation of communication jwssibly coincided 
in time with the separation of Europe from America. The South 
American Mwrida are for the most part distinct from those of 
North America, no species, we believe, being common, and but 
few genera. The species, however, of the genera which are 
common, usually arrange themselves into two groups, one of 
which is found in the north and the other in the south. The 
differences seem to show that at some former time North Ame- 
rica was separated from South America. As illustrations we 
give Murray's remarks on Hesperomys and Reithrodon, The 
range of the former genus, he says, is seldom laid down cor- 
rectly in physical atlases. " It is found over the whole of the 
continent, both of North and South America ; but the South 
American species all differ a little from the North American ; 
and not only so, but none of the subsections into which they 
have been divided are found in both. Three out of several sub- 
genera, originally suggested by Waterhouse, have been adopted 
for the South Amencan species ; and Baird has made three 
more for the North American. The differences on which they 
are founded are, however, all slight in degree, and do not cor- 
respond with any geographical limits, the species being mingled 
witn each other, except that the South American sub-genera, 
taken as a body, are shghtly different in type from the North 
American, and are for the most part larger in size. Allowing 
for exceptions in both countries, they can be best characterizea 
by saying that the South American species are all rats, and the 
North American aU mice, there being only one North American 
species of any size, and it not exceeding the dimensions of a 
half-grown Norway rat." The genus Reithrod&n was founded by 
Waterhouse for some species Eke ffesperorrws, which were of 
large size and possessed grooved incisors. They were obtained 
from Patagonia. Subsequently some small species having a 
similar chwacter were found in North America, and were also 
referred to Waterhouse's genus. The species of the south, how- 
ever, differ in other jwints from those of the nortL Thus, as 
Murray remarks, " the South American Reithrodons have a body 
six inches in length, so stout and so full, and the head so large 
and much arched, that one species has been called R, eunicuUndes 
(rabbit-like). The tail also does not exceed half of the body. 
The North American species, on the contrary, are the smallest 
of the mice, scarcely more than half the size of the house-mouse, 
which they otherwise closely resemble in shape and proportion. 
The tail is as long as the bodv alone, or else longer than the 
head and body together. The snape and size of tne skull are 
quite different Until the species of the South American Ret- 
ikrodon be compared with the North American, it is premature, 
therefore, to treat them as identical. To do so may lead to mis- 
apprehension of their afi&nities and geographical distribution. 
I, therefore, in the meantime speak of the two as the South 
American Reithrodon, and the North American Reithrodon, 
Three species of the 96utk American genus are known, one 
inhabiting the open grassy savannahs of Maldonado, another the 
coast of Pata^ma, and the third the straits of Magellan. The 
North Amencan genus contains four or ^we species, which are 
confined on the Atlantic border to the Southern states. They 
are found about St. Louis and westward to the Rocky Moun- 
tains. Species occur also in New Mexico, Sonora, and California. 
We have already seen that there are grounds for believing that 
the break between North and South America, which at some 
former time must have existed, probably did not occur to the 
north of Guatemala, but between it and New Grenada. The 
distribution of HesperomyB and of the Retthrodww confirms this 
The Old World genus, Mw, comprises a host of species, 
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of which a few have now an almost cosmopolitan distribution. 
All these there is little doubt are really indigenous to the Old 
World ; but they so readily find the conditions suitable for them 
that it is a difficult question to decide where their original home 
is. Thus, the brown rat is now to all intents and purposes a true 
European species, but it has only recently become such. The 
GreeKs and Romans do not seem to have known it It is believed 
to have come from Asia into Europe in the 17th or 18th century; 
in 1775 it was taken to North America ; before the termination of 
the century it had found its way to Brazil ; and in the present 
century it has established itself in California. Audubon and Bach- 
man say it was not to be found on the Pacific coast in 1851, but 
since then, and apparently coincidently with the extension of 
the Califoniian gola-diggings, it has become as plentiful there 
as in western Europe. The black rat seems to have^)receded 
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the brown in most areas, and to have afterwards succumbed to it 
Little is known as to the history of its extension in Europe, but in 
some countries, England amongst them, the black rat is now rare, 
and the brown very common. It appeared in North America 
very soon after that country was discovered, spread everywhere, 
and will probably be decimated by the brown species. It also 
made its appearance in New Zealand soon after European vessels 
began to visit that island ; it has since overrun the island, and 
nearly exterminated an indigenous species oiMus. The Norway 
rat has arrived there since 1843, and is pushing its way vigo- 
rously to the disadvantage of its ally. This constant succession 
of the black by the brown rat is very remarkable, and may have 
an important bearing upon various inquiries. Thus, a rat has 
been found in one of the Gallapagos islands which is evidently 
of the Old World type, and is, moreover, very similar to the 
black rat. Views may differ as to its affinity ; some mav con- 
sider it a variety of the black, and others, with Mr. Waternouse, 
who calls it Mus Jacohias, a distinct species therefrom. '' If a 
new species," says Murray, "it is one which has been made 
wiUiin a few generations. We can almost specify the date since 
which it has been made. Bein^ of the black rat kind it must 
have been established on the island previous to the supremacy 
of the brown rat, that is, before the latter had become the com- 
mon kind in shipus and houses." It appears that the Gallapagos 
islands were visited about 150 years ago by buccaneers, and 
hence it appears probable that the conditions here prevalent have 
sufficed to evolve a species in less than two centuries. How 
long then, it may be asked, will it be before a species allied in 
like way to the brown rat will be discovered ? The settlement 
of this question would be much facilitated if a list of extra-Euro- 
pean localities where the brown rat is now found were compiled, 
careful and minute descriptions were drawn up of the brown rats 
of each locality, and naturalists were to notice from time to time 
what changes could be detected. We can refer to one such 
species, but exception may be taken to the locality as not allow- 
ing one to ascertain the date of introduction. We allude to Mus 
cU^ndrinua of Egypt. 

This species, or reputed species, has been the subject of an 
elaborate inquiry by M. De Tlsle. He found that M%i8 rattus 
and Mu8 alexanarinus absolutely agreed in anatomical structure 
and in habits, the only difference oein^ in colour. He ascer- 
tained that the extreme types of coloration are comieoted by a 
series of intermediate forms, and considers that as M. cUecsandrinus 
possesses the prevalent colour of the genus, it is the parent 
stock rather man a descendant of Mus roAas, He obtained 
hybrids between the two forms, and reared several generations 
from these without perceiving any signs of decrease in the power 
of reproduction ; he also succeeded in obtaining a black rat from 
the union of two pure Alexandrine rats. He brieves Arabia was 
its centre of crecdion, that it was imported into France at the 
end of the 12th century with the light-coloured for of Mu8 alex- 
andrinvs ; and that in three centuries, during which about 900 
generations had existed, it acquired its dark tint. If aU the 
species of Mu8 were subjected to the same searching scrutiny 
we should be able to form a much clearer idea of the past and 
present distribution of this widespread type than we have now. 

The living marsupials occupy two areas which could not well 
be more distant ana more isolated one- from the other ; the first 
is Australia, and the islands immediatelv to the north of it ; 
while the second is America, between the latitudes 40^ north 
and south. The greater number of the genera are exclusively 
Australian. The opossum is one large group which is not repre- 
sented in Australia. Its stronghold is Brazil, where 22 out of 
32 species are found. The remainder are scattered through 
Chill, Peru, Paraguay, Guiana, Mexico, California, and the 
eastern United States. The opossums are widely separated from 
their allies of Australia, and it is a question in wnat way the 
faunas of the two areas have been formerly united. Some have 
suggested that it was land connecting America with Australia ; 
but considering that extinct marsupials have flourished in the 
northern hemisphere, it is not impossible that the land connection 
may have been oy a more northern or circuitous course. In this 
question the relative affinities of the species will afford consider- 
able help. If the Australian forms are more nearly allied to 
those of America than to any that occurred on other areas, and 
have become extinct, there is a probability of a direct land con- 
nection between South America and Australia ; but if they are 
more nearly related in structure to the extinct forms of Europe, 
the probability ia that they were derived from Europe. But the 
marsupialB have existed for so lon^ a time, since they commenced 
existence at least as far back as the oolitic period, that it may 



well have happened that migrations have occurred in many 
different directions, and across many different lands. At present 
the nearest species allied to the opossums from other areas than 
South Amenca is supposed to be the Diddvhys Ouvieri from the 
eocene beds of Paris. We need not detail the distribution of 
each Australian genus, but will append Mr. Murray's summary 
of inferences drawn from the facts supplied by them. The first 
is " that the north [of Australia] is tnoroughly isolated and dis- 
tinct from the rest of the contment. With the solitarv excep- 
tion of PhalangUta vulpinay which may have reached it by over- 
land migration, not a single species inhabits it which is known 
elsewhere. At the same time, unlike the south-west^ it has no 
unknown tvpe of life. It has merely a collection of new species 
of ffenera already weU known as inhabiting New South Wides, 
although most of tJiem are so distinct w to indicate a long 
period of separation, only one (Pekturut oriel) besides the 
rhalangitta being near any of the New South Wales species. 
Next, it appears plain that the south-west comer, viz., that part 
of the continent stretching from Sharks Bay southwards, and 
round past Perth and Swan River, is a peculiar district. This, 
although possessing fewer endemic species than the north, has 
more of special organization. Here have been found those spe- 
cies of vmich no other similar creature has been found in anv 
other part of the world. As to actually distinct species, although 
not distinct forms, we find 28 species out of 39 (that is, about 
three-fourths) peculiar to itself. Four are common to it and 
the country to the north of it (North-West Australia), but are 
not found in South Australia, with which, however, it shares 
six. The difference between it and North Australia seems to be 
this, that although both equally isolated at some former period, 
the one (the souti^-west) has been so at a more ancient date, 
and for a longer period ; and when the space between was raised 
out of the sea, and the intermediate regions turned into dry 
land, the character of the district surrounding North Australia 
has been of a more desolate, inhospitable character than that 
between South- West Australia and New South Wales, the com- 
munication between which, although difficult, has not been 
impracticable, as seems to have been the case with the north ; 
from which it may perhaps be inferred that the north has been 
last raised, and that the upheaved bottom of the sea to the south 
is more desolate from having had less time to become clothed 
with a productive soil. New South Wales stands nearly in the 
same position as South- West Australia, as an isolated region. 
It has forty species, of which twenty-nine are peculiar (or forty- 
one out of sixty, if 'Van Diemen's Land be taken along with it). 
Eleven of these are found in South Australia, and five in West 
Australia. Van Diemen's Land, although belonging to the same 
division of the continent as New South Wales, has an imusually 
large number of endemic species. Out of twenty species, twelve 
(that is, rather more than half) are peculiar to itself, and amongst 
them are more of the marsupial camivora than are found in any 
other part of the continent, one of them being the TJiylacinuSj 
which is a peculiar type found nowhere else. The general 
strain, however, of the species found in Van Diemen's Land is 
that of New South Wales. They are, with the exception of the 
ThylctcinuSj all species of genera also existing in that region. 
Notwithstanding its large proi)ortion of endemic species, there- 
fore, it is not entitled to be regarded as a distinct and indepen- 
dent zoological province in the same sense, or at least in tJbie 
same d^ree, that the north and south-west are. nor does their 
disproportion tell us anything about the length of time for which 
Van Diemen's Land has been separated from the mainland. I 
have already explained that I do not think time has anything to 
do with the increase of species, except as giving mater oppor- 
tunities for the occurrence of physical changes in the conditions 
of life, through which change m species may be induced. Lastly, 
South Australia has twenty-eight species, of which only four, or 
one-seventh (the smallest proportion of a^) are peculiar. It 
has thirteen m common with New South Wales, and the same 
number common to Western Australia, and of these there are 
five common to all three. Only two are common to the south- 
west comer. It has obviously little claim to be considered a 
zoological province. It is the mere highway between the east 
and the west, as it was formerly the ditch or barrier separating 
them. The country between North and South- West Australia 
is chiefly indebted for its inhabitants to the countries bordering 
it to the south and east. The number of species as yet found in 
it is thirty-three. Of these ten, or about one-third or one-fourth, 
are endemic. The rest have found their way from the south- 
west, or from New South Wales." 
The Monotrevnata is a very small group combining three 
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species of remarkable structure, all of which are confined to 
V an Diemen's Land, New South Wales, and South Australia. 

From the above statements it majrbe conjectured in what way 
Murray would divide the world mto four great Tnammalian 
regions. They are (1) the Europaeo- Asiatic ; (2) the Africano- 
Indian ; (3) tne Australian ; and (4) the American. The first 
nearly corresponds with Sclater's Pakearctic r^on, founded upon 
the distribution of birds ; but he carries its southern boundary 
to the southern edse of the Sahara desert He does this on the 
ground that the Stmaran faima, although it contains many pecu- 
liar species, has evidently been derived from the north, not from 
the south. The Africano- Indian region consists of Africa south 
of the Sahara desert, South Arabia, India, the Malay Peninsula 
and Archipelago, and China. This differs from Sclater's arrange- 
ment in that it amalgamates the Indian and JSthiopian regions. 
Murray recognises mat these have distinct faunas, but in the 
case of mammals the difference is of far less extent tnan between 
the principal r^ons. Many features which they have in 
common have been pointed out. Murray makes three sub- 
divisions or Bub-re^ons. The Australian region is nearly the 
same as Sclater's division bearing a similar name. The Ame- 
rican region is another instance in which Murray regards as 
one region what Sclater makes two. The extreme north is 
regarded as a subdivision of the first region ; the remainder of 
the continent belongs to the fourth, and is divisible into a 
northern and a southern moiety. The Old World forms, it is 
thought, passed over into North America from Asia, not from 
Europe. 

The geographical distribution of animals may be studied 
from seveim points of view ; thus attention may be confined 
to the distribution of each natural group, or to the relative pro- 
portions of such groups in each area, or to the distribution of 
characters. Examples of the first mode have been given ; and 
we now come to the third, which, however, some persons do not 
consider as appertaining to the subject we are dealing with. It 
is not an unusual thing for most of the animals in one region 
to be different specifically from those of another. The true 
specific differences vary in nature and dc^;ree for each senus ; 
but there are other differences, which of themselves ao not 
seem to be of specific value, which are common to most of the 
species on the same ar^a. These nearly always belong to ex- 
ternal parts. For example, nearly all the species found in the 
Sahara desert or in the great barren plains of Asia (which, 
with the desert, form a long broad bana across the land), have 
a sandy colour, large external ears, and ren^rkable powers of 
sight, hearing, and smelling. These characters, in their inten- 
sified degree, seem to be related to. and not merely coincident 
with, the habitat In the case of the fauna of the Sahara 
desert, M. Pucheran observes that the researches of geologists 
have proved that at a period not long distant it was an arm of the 
Mediterranean Sea. If so, the fauna must have migrated to the 
area since the sea has diminished and disappeared. Were the 
species expressly created for and adapted to the region ? He 
believes not, and having that belief he asks whence it came. 
The region which contains more of its species than any other 
is Abyssinia, and hence he concludes this country was their 
starting point. The genera are nearly all European, so that 
the course of migration was in part from Europe, and through 
Abyssinia. He considers that the peculiar features we have 
referred to have been acquired since tne fauna established itsel£ 
He comes to similar conclusions respecting the fauna of the 
Asiatic deserts, pointing out the evidence which indicates that 
they were once under water, and that the species are nearly 
related to those of contiguous regions. 

Nearly all the Algerian species of birds and mammals belong 
to European genera, a fact which harmonises with the view that 
since the present genera have been establishe<^ Algeria was con- 
nected with Europe, and separated from South Africa by the 
Sahara sea. These species, however, differ from their congeners 
in one point, viz., that they are nearly always smaller. Pucneran 
thinks this has been induced or acquired since Algeria was sepa- 
rated from Europe by the Mediterranean. They idso differ in a 
second point, viz., in having shorter hair, in which respect they 
also differ from South African mammals. 

Again, it generally happens that when a genus is represented 
in Mexico and North America, the northern species nave the 
thicker and smoother hair, and this character also obtains in 
those species which live to the south of Mexico. The Felida 
of South America generally have spotted skins ; but sooXa are 
rarely, if ever, obsSrvable on their congeners in North America. 
M. Pucheran argues that these regional faunal characters have 



been acquired during the sojourn of the species in their native 
districts, that this is closely connected with the circumstance 
that Central America was at a not very distant geolo^cal period 
under water, and that its mammalian fauna diners in the point 
mentioned from those north and south of it. 

New Guinea possesses representatives of 21 genera of birds ; 
and there are certain characters common to all, viz., strong legs, 
a well formed first toe terminated by a curved claw, digits of 
equal length and also provided with curved claws. These cha- 
racters especiallv adapt the species for perching ; and since they 
are so universal, one infers that forests abound and plains are 
rare. The few mammals known also have certain characters 
common to all, which eminently adapt them for arboreal life. 
This again implies that New Guinea has long been a region of 
forests. Even the Kangaroos, which, as a feimily, are usually 
jumpers on the grouQd, are here tree-climbers. The inference that 
the country inhabited by this fauna is, or has very recently 
been, almost entirely covered by trees, might be made upon the 
evidence of these characters only ; but we know that New 
Guinea is what Wallace has described it, viz., a vast, even, verdant 
forest. But if a similar set of characters were to be found in an 
extinct fauna, we should be justified in saying that the land they 
lived in was a forest land. 

The feu^ts which have been above stated, and the ideas 
which have been thrown out, cannot fail to have convinced the 
reader how intimately associated geology is with the geogra- 
phical distribution of animals, and how the one is calculated 
to advance our knowledge of the other. It would seem that 
the greatest uniformity in the fauna occurs in those lands which 
have been longest connected, that the influx of new species is 
most active immediately after the separation of a continent into 
two or more parts isolated from one another; and that the 
fauna of each district frequently has some generally distributed 
external character or characters, which characters are superin- 
duced by climate or orographical conditions. It seems probable 
that the longer the lands have been isolated the more widely do 
their faunas differ. These hypothetical conclusions are based 
upon the living creation ; but, if true, we ought to perceive 
similar phenomena amongst the beings that have passed away. 
If paleontology were pursued in this spirit, we believe that it 
would be possible to conjecture^ with a very near approach to 
the truth, tne various directions in which faunas have travelled, 
the approximate periods they have been isolated, the various 
regions which those isolated faunas have occupied, and the 
relative eras when two faimas have amalgamated by the junction 
of their areas. Doubtless the changes have been very complex, 
but, as everywhere else in creation, some guiding laws will be 
discoverable, and the deductions of the j^^^ontologists mav 
receive important aids from the correlative testimony which 
geologists ought to be able to afford. On the other hand, the 
student of the geographical distribution of animals, whether of 
the present or of past time, can indicate many fruitful lines of 
inquiry which the geologist might follow up. To take one case. 
The vertebrates of South America are remarkably restricted in 
their range, very few species occurring throughout its whole 
extent, even on the east side of the Andes. In Africa, on the 
other hand, a great number of species are to be found irom. the 
Cape of Good Hoi)e on the south to the Sahara desert, and 
Nubia on the noxth. This might be explained by supposing 
that Africa has never been split up into isolated districts since 
the present species, and many of the present genera of all classes 
of terrestrial vertebrates, have been established. Perhaps there 
is reason to carry its continuity still farther back, and there may 
be zoological evidence to support Sir R I. Murchison's opinion 
that Africa has been dry land since the secondary period. 
America, we should conjecture, has been recently split up into 
isolated districts, a view which it is for geologists to disprove 
or confirm. (Hoeven, J. van, PhUosophia Zoologica, 1864 ; 
D'Archiac, Giologie et FaUontologie, 2* Partie ; Murray, Geogra- 
phical Distribution of Mammals; Pucheran, Reviie et Magasin 
de Zoologie, 2* S^rie, volumes for 1865, 1866, 1867.) 

GEOLOGY. [See the following headings in E. C. S. :— 
BouLDSRs; Boulder Formation; Carboniferous Stbtek; 
Devonian Group; Chalk Formation; Laurentian Forma- 
tion; Quebec Group; Post-Pliooene ; Eocene; Old Red 
Sandstone; Taconio System; Silurian Ststem; Cumbrian 
Rocks; Cambrlaj^ Rocks; Caves; Kames; Glaciers.] 

GERSDORFFITE. This mineral species has been referred 
to under Amoibitb and Nickel, E. Cf., being called Nickel- 
Glanz in the latter place. It is a sulpluunBenite of nickel 
(Niji S. As) in which the nickel may be replaced isomorphously 
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in BmaU quantities by iron or cobalt. It crystallises in cubes, 
and presents the same variety of form as is met with in Cobaltine, 
which is a sulpharsenite of cobalt At Loos it accompanies 
several cobaltii&rous ores. It is also found at Schladning, 
Stjrria ; Prakendorf, Hungary; Lohenstein, Voiptland; Taune 
and Harzgerode in the Harz ; and near Siegen, Westphalia. The 
ToTribazite of Breithaupt and the AmoibiU of Kobell are pro- 
bably varieties. 

QliACIERS [E. C. voL ii., cols. 1031—1035.] The investiga- 
tion of the phenomena of glaciers has been as active during the 
last ten years as in almost any preceding decade, as is evidenced 
by the numerous eminent men who have recently devoted more 
or less of their attention to them. Agassiz still labours on, 
although he has transferred his researches to another field, and 
is as bold as ever in his speculations, as witness his hypotiiesis 
of a great glacier stretching across the valley of the Amazon, a 
glacier which must have been a worthy rival to the Rhone 
glacier which transported the Alpine blocks on to the Jura 
Mountains. Professor J. Forbes and Mr. Hopkins have been 
taken from us; but Tyndall, Ramsay, Murchison, Godwin- 
Austen, Haast, Hector, Mortillet, Lecoi^Sars, Kjerulf, Omboni, 
Dollfuss-Ausset, Lory, Desor, Martins, Kink, Frankland, CroU, 
Dove, and many others, have done much to advance our know- 
ledge on the suDJect. 

A glacier is a most impressive object, and although at one 
time regarded as an emblem of rigidity and permanence, it is 
known to be no more ''everlasting'' than the hills. It is in 
constant motion, day and night, summer and winter ; it flows 
slowly from the regions of snow, but its particles vary in their 
rate of motion according to the accidents of position and season. 
In some respects it behaves like a fluid, while in others it com- 
ports itself uke a solid. Thus it resembles a river in conforming 
to the shape of its bed, contracting and deepening where the 
gorge is narrow, and spreading out again where the valley 
widens out; while like a rock it is faulted, stratified, and 
cleaved. On all these points, and many others, we shall say 
more or less in the sequel. 

What are the causes which produce elaciers ? Such a ques- 
tion is more easily asked than answered ; for of the many con- 
ditions which might have operated, it is difficult to say which 
amongst them have prevailed in evolving any given set of 
glaciers. In aU cases glaciers are subsidiary to, and dependent 
on, vast accumulations of snow. The size of the glaciers is 
regulated by the extent and thickness of the snow-fiela, the con- 
figuration of the land, the circumstances which promote the 
conversion of snow into ice, and the rates of motion and dissolu- 
tion of the glacier itself. The quantity of snow is governed by 
the climate, and this again is a sequent of the distribution of the 
land and water, the dii^ction of aerial and oceanic currents, &c. 
From this it ¥rill be seen how ramified the subject is, and how 
closely the history of a glacier may be connected with what is 
going on in lands far distant, and with what has taken place in 
a^s long gone by. It is the case, however, with glaciers, as 
with all natural phenomena, that they are not isolated, but are 
more or less connected with what has been, with what is, and 
with what is to be. So varied are the possible causes, that one 
hardly knows how to decide which really operated. In the case 
of Europe, however, we know that glaciers were far more 
abundant than at present, and that what is to be seen now is a 
relic only of the great ice spread which covered the country at a 
very recent geological epoch, hence called the glacial epoch. 
The evidence of physical geography, zoology, and botany renders 
it almost certain that the greater previdence of ice during the 
glacial period was mainly due to, or at any rate coincident with, 
a colder climate. This we consider to be an important point, if 
established, in relation to hypotheses respecting glaciers. 

Snow is one of the results of the great distillery of nature ; the 
ocean being the fountain-head or evaporating vessel, the cold 
air the conaenser, and, in the case of snow, the coldest x)ortions 
of the earth's surface the reservoir. Those conditions which 
enable the laigest quantity of water to be carried from the ocean 
to the coldest, most extended, and least uneven areas, ¥rill form 
the laigest snow-fields. The result, then, depends upon the 
size of the ocean, upon the rate at which the water is evaporated, 
upon the direction, temperature, humidity, and electrical con- 
dition of the winds whicn pass over the ocean, upon the extent 
of the air-current superficially and vertically, and upon the com- 
pleteness with which the moisture is converted into snow. The 
next step is the conversion of the snow into ice, and here also 
there are many circumstances to be taken into account, for the 
size of the glacier partially depends upon how much of tne snow 



becomes ice. The last step is the liquefaction of the ice, during 
which the glacier is evaporating ; so that its size is more or less 
regulated by the ratio between its velocity and its rate of disso- 
lution and vaporization. 

The deposition of snow is so much the result of climate that 
to discuss the conditions which tend to increase or diminish a 
snow- field would require the introduction of many details of 
meteorology, hydrography, and physical geography, which would 
seem out oi place here. We may refer to one remarkable set of 
phenomena. All substances are constantly interchanging heat 
with one another by radiation. If they give out more than they 
receive they are cooled, but are warmed if they receive more 
than is lost. The sun sends down heat accompanied by light, 
which heat may be designated as luminous ; this is partially 
reflected, and partially absorbed by the earth. The absorbed 
caloric is again parted with as obscure or non-luminous radiant 
heat, which passes into space. These two kinds of radiant heat 
differ from one another in the facility with which they penetrate 
substances, for it often happens that the luminous heat will 
traverse what radiant heat cannot. Thus glass will allow the 
luminous heat to pass through it, but it almost completely stops 
the dull heat from a furnace. Water acts in the same way. It 
is transparent (or, if one may coin a new word more adapted to 
the sense, tianspiercent) to the sun's heat, but intercipient to 
that which is radiated from the earth. As substances are warmed 
by radiant, but not by transmitted heat, it is clear that wherever 
there is dry air above and moist air below we have an arrange- 
ment by which the sun's heat is accumulated more in the lower 
than in the higher regions of the air. The more concentrated 
the humidity is in the lower portions of air, the sooner is the 
heat cut off, and the colder is the air at a given leveL The 
coldness of a mountain area is, then, influenced by the humidity 
of the lower atmosphere not only in its vicinity, but wherever 
the snow-bearing current has been, and by the degree of preva- 
lence of upward currents, which convey the heat from below to 
above by convection. It is usually stated that the cold of the 
upper atmosphere is due to the i^ty of the atmo8{)here, but 
this is an insufficient explanation. There is something more, 
viz., that when air expands it consumes heat, which heat pardy 
performs mechanical work in moving the particles and resisting 
the external pressure which opposes the expansion. When the 
air ascends it expands because there is less pressure, and if veiy 
high up it cannot acquire more heat. Hence the heat which it 

Possesses is more dispersed, and consequently less concentrated, 
n fact, the air is colder. Tyndall's view is different from this, 
as will be seen presently. In addition to this, the elevated air 
can get rid of its heat more readily by radiation, because there is 
no veil of moisture between it and the cold of space. As these 
views are important, we will quote some rema^ by Tjmdall 
bearing upon them, notwithstanding that they suostantially 
repeat much that is said above : — " It is probable that, were the 
earth imfumished with this atmospheric swathing, its conditions 
of temperature would be such as to render it umnhabitable by 
man ; and it is also probable that a suitable atmosphere envelop- 
ing the most distant planet might render it, as regards tempera- 
ture, perfectly habitable Where radiant heat is 

allowed to fall upon an absorbing substance, a certain thickness of 
the latter is always necessary for the absorption. Supposing we 
place a thin film of glass before a source of heat, a certain per- 
centage of heat will pass through the glass, and the remainder will 
be absorbed. Let the transmitted portion fall upon a second film 
similar to the first, a smaller per-centage than before will be 
al>sorbed. A third plate would absorb still less ; a foiurUi still less ; 
and after having passed through a sufficient number of layers, the 
heat would be so sifted that all the rays capable of being absorbed 
by glass would be abstracted from it. Suppose all these films to 
be placed together, so as to form a single thick plate of glass, it is 
evident that the plate must act upon heat whicn falls upon it in 
such a manner that the major portion is absorbed near Uie surface 
at which the heat enters. This has been completely verified by 
experiment Applying this to the heat radiated from the earth, 
it is manifest tnat the greatest quantity of this heat will be 
absorbed by the lowest atmosphenc strata. And here we find 
ourselves brought, by considerations apparently remote, face to 
face with the fact (la fact) upon which the existence of cdl 
glaciers depends, namely, the comparative coldness of the upper 
regions of the atmosphere. The sim's rays can pass in a great 
measure through these re^ons without heating them, and the 
earth's rays, which they might absorb, hardly reach them at all, 
but are intercepted by the lower portions of the atmosphere. 
Another cause of the greater coldness of the higher atmosphere 
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is the expansion of the denser air of the lower strata when it 
ascends. The dense air makes room for itself by pushing back 
the lighter and less elastic air which surrounds it ; it does loark, 
and to perform this work a certain amount of heat must be con- 
sumed. It is the consumption of this heat — ^its utter annihilation 
as heat — ^that chills the expanded air, and to this action a share of 
the coldness of the I^^her air must undoubtedly be ascribed. A 
third cause of the difiSrence of temperature is the laige amount 
of heat communicated, by way of conUict, to the air of the earth's 
surface ; and a fourth and final cause is the loss endured by the 
highest strata through radiation into space.'' The point in 
which we differ from Professor Tyndail is as to the cooling 
effect of expanded air. It seems to us that if the denser air is so 
charged with heat that it can rush through the rare air, it must 
have a store more than sufficient to allow it to expand without 
a general diminution of temperature. No question, heat is con- 
sumed in performing work, and the expanded air is thereby 
cooled. But even then we ima^e it must be much warmer 
than the cold air amidst which it has introduced itself. Such 
air, we think, would raise rather than reduce the temperature. 

The snow which falls in localities where the temperature is 
much below the freezing point of water is pulverulent and dry. In 
this condition the particles refuse to adhere or cohere together, so 
tliat it is impracticable to form them into a compact mass, such 
as a snowball ; and so long as they retain this condition they 
cannot be converted into ice by ordinary agents. It is only when 
the temperature approaches 32° F., and wnen the snow becomes 
moist, tnat those coherent powers come into play whid^ allow of 
the snow crystals to weld together into a mass. It would be 
possible for a snow-field to exist without giving rise to glaciers. 
8uch a phenomenon would happen if no part of the snow-field 
ever attamed a temperature hi^ner than 0^ F., and if the area on 
which it rested was entirely boimded by perpendicular preci- 
pices, which descended to beneath the snow line. The surplus 
snow would fall, or be blown over the cliffs. If there were 
few slopes between the snow-field and snow Une, the gladers 
would oe small, however favourable all the other conditions 
might be. The nature of the slopes, then, has an important 
mooifying influence. The snow is partially got rid of by 
evaporation, and partly by falling and being pushed down the 
slopes. The first step towards the formation of ice is the melt- 
ing of some of the snow under the action of the sun. The 
superficial water is carried downwards, and is soon frozen 
again. In this wav the granules are cemented together, and the 
interspaces are filled with air. The solidification of the mass 
goes on more rapidly, up to a certain point, the longer and 
higher the melting temperature is continued. In this way tlie 
rotten, porous, opaque icy zone, called nSve, is originated; but 
before it can become true glacier ice, it must be compressed 
wheU at about a temperature of 32°. This pressure, if applied 
slowly, will expel the air bubbles, which are the cause of the 
opacity, and enable the granules to amal^^unate into a soUd^ 
transparent mass of ice. This ice, it should be noticed, is not 
simply compressed snow, nor is it frozen snow and water, but it 
is snow and ice, which have been pressed at a temperature a little 
below 32°. Many of the phenomena of a glacier depend upon 
the circumstance that the ice is near its mdting point, and mat 
it then possesses certain properties which are not apparent when 
it is much colder. The most prominent of these is the property 
of contracting perfect cohesion, which was called regelation by 
Faraday and TyndalL Faraday showed that when two pieces of 
moist ice were brought into contact they were cemented together, 
but no cementation occurred when the ice was dry, and below 
32°. The union takes place in water, even if its temperature be 
as hot as the hand can bear. It would s6em that the liquid 
film between the two lumps of ice freezes whenever it has 
contact with the ice only ; and also that the union is not merely 
a sticking together, but a perfect rapid fusion and welding 
together. Tyndail soon applied tiie feet to glaciers. He demon- 
strated that the moist ice might be moulded into any form by 
gradual pressure, and that a crushed dab might be welded or 
regelated into a perfect solid. Exception has been taken to the 
term regelation, as implying that the ice is melted, and then re- 
frozeh ; but, as we understand it, this appears to be the case, and 
the term is by no means inappropriate. There are two solid 
masses separated by a liauid film. If union was effected simply 
by the solidification of tnis film, there would be gelation oiuy* 
and the connection analogous to pieces of paper gummed 
together. There is something more than tiiis. The originjd 
surfaces appear to be fused and refrozen ; and it is this act wnich 
constitutes the peculiarity of regelation. Prosmtre is not essential, 



since regelation takes place between two pieces of ice which are 
held together, without pressing, in a vacuum ; although pressure 
facilitates the process oy bringing the surfaces in contact. So 
readily is the ice moulded, that in flowing down valleys it readily 
conforms to their shape, and behaves to a considerable extent 
like tar, or treacle. Hence Forbes founded upon this lus viscous 
theory. But this only proves the plasticity of ice ; and in order 
to be regarded as viscous, it should be tough, and capable of 
being drawn out into threads ; whereas it is brittle, ana almost 
without any tensile property. 

The white colour of snow is caused by its mixture with air ; 
but its real colour appears to be blue, like that of ice itself. 
This is connected with the action of water in aU its forms of 
absorbing the rays of heat and light which have the slowest un- 
dulations, or those which form the red end of the spectrum. 
When freshly-fallen, snow emits a beautiful blue tint wherever 
a hole is made. Tyndail observed this on several occasions. 
Thus he states that when he visited the Mer de Glace in 1869 he 
frequently examined the colour of the snow : " though fresh, its 
blue tint was by no means so pronounced as I have seen it on 
other occasions ; still it was beautiful The colour is, no doubt, 
due to the optical reverberations which occur within a fissure or 
cavity formed in the snow. The light is sent from side to side, 
each time plimging a little way into the mass ; and being ejected 
from it by reflection, it thus undergoes a sifting process and 
finally reaches the eye as blue li^t The presence of any 
object which cuts off this cross-fire of the light destooys the 
colour. I made conical apertures in the snow, in some cases 
three feet deep, a foot wide at the mouth, and tapering down to 
the width of my baton. When the latter was placed alotig the 
axis of such a cone, the blue light which had previously filled 
the cavity disappeared ; on the withdrawal of the baton it was 
followed by the light, and thus by moving the staff up and 
down its motions were followed by the alternate appearance and 
extinction of the light I have said that the holes made in the 
snow seem filled with a blue light, and it certainly appeared 
as if the air contained in the cavities had itself been coloured, 
and thereby rendered visible, the vision plunging into it as into 
a blue medium. Another feet is perhaps worth notice : snow 
rarely lies so smooth as not to present little asperities at its 
8ur£Bkce, — little ridges or hillocks, with little hoUows between 
them. Such small hollows resemble in some degree the cavities 
which I made in the snow, and from them, ih the present 
instance, a delicate light was sent to the eye, faintly tinted with 
the pure blue of the snow crystals. In comparison with the 
spots thus illuminated, the little protuberances were grey. The 
portions most exposed to the light seemed least illuminated, and 
their defect in this respect made them appear as if a light brown 
dust had been strewn over them." Water, which is remarkable 
for its intercipient power towards radiant heat and the extra or 
red rays of the spectrum, is blue. Ice, which stops radiant heat 
better than any other transparent solid, also has a blue tinl^ but 
if it contains many air-buobles, the blue is dull and whitislL 
The blue colour of the sky appears to be due to aqueous Vapoury 
but in this instance the colour is reflected and not tranamitted 
light. Air itself is not known to have colour; but from the 
researches of Brticke it seems probable that the blue of the sky 
results from the reflection of light from minute particles of 
aqueous vapour dispersed through the atmosphere ; and that the 
tint depen<k not so much upon the nature as upon the size and 
number of the particles. A blue colour is frequently well 
marked in the waters which have flowed from the largest 
glaciers into a lake, and is probably caused by suspended 
particles. The matter is so minutely divided, that Tyndail sug- 
gests that the particles in the Lake of Geneva have been ground 
from the rocks by the glacier, and are the finest thus produced. 
He refers to the slowness with which some gold precipitants 
sink in a fluid at rest, viz., a few inches onl^ in several months, 
and says, "in all probability it would require a^«9 of calm sub- 
sidence to bring all the particles which the Lake of Qeneva 
contains to its bottom." 

We next proceed to notice some of the facts relating to the 
motion of glaciers, and to the hypotheses which have been 
started in explanation of the cause or causes of such motion* 
That a glacier moves nobody now disputes, and the fact has been 
long recognised by the mountaineers. But there has been much 
controversy $m to the rate of the motion. Hugi built a cabin upon 
the glacier of the Aar. It commenced its journey in 1827, and 
observaticins were made on its change of position up to 1841; 
At the end of the third year it was about 1 10 yards from its first 
position ; at the end of the ninth year about 785 yards, and in 
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the fom*teeuih year about 1570 yards. This would give an 
HveVage of 112 yards per year, but it will be seen that the rate 
was constantly increasing. In the first three years the average 
Was 37 yaitis per annum ; in the next nine it was 75 yards, and 
in the last five 157 yards. In order to draw any conclusion, one 
requires to know the slope of the bed, and the breadth of the 
valley. In 1842 both Agassiz and Forbes made accurate measure- 
ments and ascertained that the central portion of the glacier 
moved faster than the sides. Forbes also showed that the 
bottom moved more slowly than the top ; that while diflferent 
glaciers had different velocities, the speed of each was dependent 
on tJie temperature, being greatest in the summer months and 
least in the winter. He noticed that so long as the temperature 
wafl below 32** F. I^e motion was nearly tmiform whatever might 
be the daily fluctuation, but that when the temperature vMied 
above 32° F. the motion of the glacier also varied. Nevertheless, 
the annual motion of the glacier was nearly uniform. In the years 
1857, 1858, 1859, Tyndall carried on a series of measurements, 
and confirmed many of the facts reported by Forbes and Agassiz. 
In addition, Tyndall showed that the true line of maximum speed 
was not down the centife in the curved portion of the glaciers, but 
that it arched over from side to side in curves which might be 
described as exaggerations of those of the bounding valley. A 
precisely similar thing occurs in rivers. Wherever the water 
rounds a curve the axis of greatest speed is thrown nearer to the 
opposite bank. This is indicated in almost every river. For 
the deeps are on the concave side of a bend, and the shallows on 
the convex. The shallows are due to the retardation of the stream 
and silting up of the shore, while in the deeps the water runs 
so fast that the sediment is not allowed to settle. At the Mer 
de Glace several tributary glaciers are merged into one, and 
forced through a narrow ^oi*ge. For example, the Glacier du 
G^nt, just before ^e nmon, is 1134 yards wide; the Glacier 
de L^chaud, 825 yards; and the Tal^fre tributary 638 yards; the 
aggregate being 2597 yards. At Trelaporte they are forced 
through a channel 893 yards wide, which contracts to 863 yards 
lower down. The maximum velocity of the G^ant Glacier was 
13 inches per day in July, and that of L^chaud 9J inches. At 
Trelaporte the maximum velocity is increased to 20 inches daily, 
and in the narrow space below td 23 inches per day. In this 
respect the glacier resembles a river. Forbes* measurements, 
which prove that the top of a elaoier flows faster than the bottom, 
were made on the terminal face. Tyndall's were eiecuted on 
the vertical precipice bordering the lateral moraine; and in order 
to show the difliculties under which some inquiries are prose- 
cuted, and the enthusiasm of some scientific men, we give his 
account of the operation. " An attempt had already been made, 
but unfortunately," says our author, " some uncertamty attached 
itself to the result, due to the difficulty of fixing the lower stake. 
The guide's attention had been divided between his work and his 
safety, and he had to retreat more than a dozen times from the 
falling boulders an4 debris. I, on the other hand, was unwilling 
to accept an observation of such importance with a shade of doubt 
attached to it Hence arose the desire to measure the motion 
myself. On the 11th of August I therefore reascended the Tacul, 
and fixed a stake at the top of the precipice and another at the 
bottom. While sitting on the old moraine looking at the two 
pickets, the importance of determining the motion of a point mid- 
way between the top and bottom forcibly occurred to me; but, on 
mentioning it to my guide, he promptly pronounced any attempt 
of the kind absurd. On scanning tne place carefully, however, 
the value of the observation appeared to me to outweigh the 
amount of danger. I therefore took my axe, placed a stake and 
an auger against my breast, buttoned my coat upon them, and 
cut an oblique stair-case up the wall of ice, until I reached a 
height of forty feet from the bottom. Here, the position of the 
stake being determined by Mr. Hirst, who was at the theodolite, 
I pierced the ice with the auger, drove in the stake, and 
descended without injury. During the whole operation, how- 
ever, my guide growled audibly. ... On Monday morning, 
the 17th, a dense fog filled the valley of the Mer de Glace. I 
watched it anxiously. The stakes which we had set at the 
Tacul had been often in my thoughts, and I wished to make 
some effort to save the labour and peril incurred in setting them 
from bein^ lost. I therefore set out, in one of the clear intervals, 
accompamed by my friend and Simond, determined to measure 
the motion of the stakes, if possible, or to fix them more firmly, 
if they still stood. As we passed, however, from L' Angle to the 
glacier, the fog became so dense and blinding that we halted. 
At my request, Mr. Hirst returned to the Montanvert ; and 
Simond, leaving the theodolite in the shelter of the rock, 



accompanied me through the obscurity to the TacuL We 
foimd the topmost stake still stuck by its point in the ice ; but 
the two others had disappeared, and we afterwards discovered 
their fragments in a snow butti^ss, which reared itself against 
the base of the precipice. They had been hit by the falling 
stones and crushed to pieces. Having thus learned the worst, 
we descended to the Mjontaavert amid drenching rain. On the 
morning of the 18th there was no cloud to be seen anywhere, 
and the sunlight glistened brightly on the surface of the ice. 
We ascended to tne Tacul. The spontaneous falling of the 
stones appeared more frequent this morning than I had ever seen 
it. The sun shone with unmitigated power upon the ice, producing 
copious liquefaction. The rustle of falling debris was incessant, 
and at frequent intervals the boulders leaped down the pre- 
cipice, and rattled with startling energy amid the rocks at its 
base. I sent Simond to the top to remove the loose stones ; he 
soon appeared and urged the mpraine shingle in showers down 
the precipice, upon a bevelled slope of which some blocks long 
contmued to rest. They were out of the reach of the guide's 
baton, and he sought to dislodge them by sending other stones 
upon them. Some of them soon gave way, drawing a train of 
smaller shingle after them ; others required to be hit many times 
before they yielded, and others refused to be dislodged at all. I 
then cut my way up the precipice in the manner already 
described, fixed the stakes, ana descended as speedily as possible. 
We afterwards fixed the bottom stake, and on the 20th the dis- 
placements of all these were measured. The spaces passed over 
by the respective stakes in 24 hours were founa to be as 
follows : — 

Inchds. 

Top stake 6*00 

Middle stake 4*60 

Bottom stake 2*56 

The height of the precipice was 140*8 feet, but it sloped off 
at its upper portion. The height of the middle stake above the 
ground was 35 feet, ftnd of the bottom one 4 feet. It is there- 
fore proved by these measurements that the bottom of the ice 
wall at the Tacul moves with less than half the velocity of the 
top ; while the displacement of the intermediate stake shows 
how the velocity gradually increases from the bottom upwards." 

Tyndall also made a series of measurements during the winter 
of 1859, which are more trustworthy than those of Balmat, 
and more precise than the shrewd inferences of Forbes. He 
found that near the Montanvert Hotel on the Mer de Glace 
the sides moved from 6 to 7 inches daily, and that the 
maximum motion was 15| inches. At this same locality the 
maximum summer motion is 30 inches. At a line 130 ywds 
lower the maximum rate was 17^ inches daily. There is 
not only a movement down the valley, but also apparently 
an internal action by which substances in the ice itseK are 
brought to the surface. In July, 1836, a guide went with a 
visitor from the Montanvert to the Jardin, and carried on his 
back a knapsack holding a supply of bread, cheese, and wine. 
The safest route was by a roundabout course, but the shortest was 
across some dangerously fissured ice. The guide fell down one 
of the fissures, and the visitor finding himself forsaken amidst a 
wilderness of ice and rocks, and unable to discover where his guide 
was, returned to Montanvert. The guide fell to the bottom of 
the crevasse without sufiering much injury. He disembarrassed 
himself of his knapsack, and reached the surface by the aid of 
steps cut in the ice with his pocket-knife. The spot where the 
accident occurred was on the Glacier du Talefre. In July, 1846, 
Couttet, the proprietor of Montanvert Hotel, found some frag- 
ments of a knapsack, which he recognised as belonging to that 
lost by the guide of 1836, the knapsack having beennis own 
property. Balmat, a guide, and the guide who lost the knap- 
sack, verified the identification with great positiveness, since 
both of them had often carried it. The distance over which 
it had travelled in ten years was 4300 feet, giving an annual 
rate of 430 feet. 

Crevasses are the transverse fissures which occur in all glaciers, 
and result from the tension to which the ice is necessarily 
subject, since one part may move three times as fast as another 
in the same transverse plane ; and since the ice possesses little 
power of retaining its continuity under tension. One point of the 
ice will move 210 feet in a year, and another, nearer the centre, 
will have moved over 780 feet in the same space of time. The 
ice must clearly either stretch or yield ; and it does the latter. 
Although the fissures are numerous, a crevasse is rarely seen in the 
act of forming. It commences as a mere crack, which gradually 
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enlarges. Tyndall has described a case which came under his 
obsen^ation. A dull sound was heard beneath his feet, as 
though a heavy^ blow had been struck against the glacier. Then 
followed a series of loud reports which seemed to oe ubiquitous, 
in the interval between wnich a low singing noise could be 
heard. The glacier was evidently breaking up, and every 
attempt was made to avoid the threatened danger by running 
first here, and then there, according to where the sounds came 
from. The sounds continued for an hour, but no sign of rupture 
could be discovered. It was then noticed that a stream of air 
bubbles were rushing through a pool, and this revealed where 
the crack existed. It was scarcely anywhere wider than the 
blade of a penknife. The motion of a glacier is tolerably 
uniform along the central half, so that there is little tension 
here. The greatest amount of differential motion is at and near 
the sides, and it is along the sides that most of the crevasses are 
found ; hence these are termed mar^al crevasses. The inner 
ends are always pointed up the glacier, their direction being at 
right angles to the line of greatest strain. This depends upon 
the amount of differential motion. There are other crevasses 
which extend straight across the glacier, and are known as 
transverse crevasses. These are caus^ by unevenness in the bed 
of the glacier, such as a ridge, or a sudden alteration in the 
angle of slope, which strains the ice until its weight overcomes 
its cohesion, and it snaps. At the Grindelwald glacier the 
marginal fissures are well developed. The bed of the glacier 
is undulating and variable in slope, so that the ice is subjected 
to compression on the more level parts, and to tension where 
the inclination is greatest At each ridge there is originated 
a series of transverse crevasses, but at the bottom of the slope 
compression squeezes the ice and closes up the crevasses. The 
transverse crevasses occur in bands separated by unfissiured zones ; 
but the lateral crevasses are unifonmy distributed. The trans- 
verse cracks unite with those of the side, so as to form curved 
fissures stretching right across the glacier. The convex side of 
the curves points up the glacier, giving the idea that the sides 
move faster than the centre, an idea wliich misled many of the 
older observers. In addition, there are longitvdinal crevasses. 
These occur at the terminal end of those glaciers whose snouts 
abut against an obstruction, and which have room to expand 
laterally. When the glacier increases in size, the ice spreads out 
on either side ; but the greater width is gained, not by the mass 
flattening down, but by the ice yielding in the longitudinal 
direction or at right angles to the line of tension, in many 
cases their arrangement is fanlike. These facts have been 
adduced as proofs of the incorrectness of Forbes' idea of the 
viscosity of ice. Tyndall calculates that a portion of the Mer de 
Glace moves with such a differential motion in five hours 
that the line of particles which at the commencement of the 
time measured 3224*4 inches becomes 3225'! at the end. The 
difference is seven-tenths of an inch. The ice is not sufficiently 
viscous to stretch this amount, but it breaks and a marginal 
crevasse is formed. No experiments or facts are known which 
show whether ice can be stretched at all without yielding. The 
crevasse which Tyndall saw in the act of forming took several 
days to attain a width of three inches. Ice is pkstic, but not 
viscous ; and, if we mistake not, Forbes regarded viscosity as 
having the same meaning as plasticity. Thus, in his article on 
glaciers in the * Encyclopaedia Britannica,' he calls his theory 
the viscous or plastic, and in a subsequent passage he maintains 
that ice can be moulded to a surface, in opposition to the then 
prevailing notion that it was a brittle solid. Professor Tyndall 
alludes to the great variety of opinion expressed as to what 
Forbes really meant by his viscous theory. He, selecting some 
of the substances which Forbes compared to ice, such as treacle, 
honey, tar, points out that viscidity is, strictly speaking, the 
term applied to the remarkable tenacity possessed by the bodies, 
and shows that there is nothing in ice which deserves the name. 
A perusal of Forbes' work on the theory of glaciers impresses 
us with the notion that he was striving to demonstrate the plas- 
ticity of ice, for all his arguments are directed towards that end, 
while nowhere does he insist that ice has the tenacity of honey, 
&c. On the contrary, he appeals to crevasses as the evidence 
that the ice yields to tension, and argues that wherever they are 
compressed uiey unite together. It is true he frequently uses 
the word viscosity, but he just as often employs plasticity, and 
frequently both together, as though they were identicaL In the 
mam, we believe l orbes* theory is not materially different from 
the plastic theory as advocated by Tyndall. Forbes was unfor- 
tunate in his use of the word viscous, and in some of the illustra- 
tions he brought forward, and this, we consider, has led to his 



having been misunderstood. It would be impracticable to ana- 
lyse Forbes' book to bear out our statement, out we may quote 
one passage. The section to which it belongs is headed, " The 
plastic nature of glacier ice;" then, after some preliminary 
remarks, he goes on to sajr that '' the viscous nature of glaciers, 
as deduced from observations by the present writer, though now 
very generally accepted, had to struggle with numerous and 
strongly ur^ed objections ; of which the oftenest repeated was 
that ice is by its nature a brittle solid, and not sensibly pos- 
sessed of any viscous or plastic quality. In answer to this, it 
may be urged that the qualities of solid bodies of vast size, and 
acted on by stupendous and long-continued forces, cannot be 
estimated from experiments on a small scale, especially if short 
and violent ; that sealing-wax, pitch, and other similar bodies, 
mould themselves with time to the surfaces on which they Ue, 
even at atmospheric temperatures, and whilst they maintain, at the 
same time, the quality of excessive brittleness under a blow or 
rapid change of form, that even ice does not pass at once, and 
ver saltum, from the solid to the liquid state, but absorbs its 
latent heat throughout a certain small ranee of temperature 
(between 28° 4' and 32*^ of Fahrenheit), which is precisely that 
to which the ice of glaciers is actually exposed ; that, after all, a 
glacier is not a crystalline solid, like ice, tranquilly frozen in a 
mould, but possesses a peculiar fissured and lanunated structure, 
through which water enters (at least, for a great part of the year) 
into its intrinsic composition. But waiving the inferences from all 
these facts, the main argument in favour of the view now main- 
tained is this : that admitting the preceding propositions as to the 
velocity of its parts (which no one now contests), the quasi-fluid, or 
viscous motion of the ice of glaciers, is not a theory, out a fact. A 
substance which is seen to pour itself out of a large basin through a 
narrow outlet, without losing its continuity, — the different parts 
of which, from top to bottom, and from side to side, possess 
distinct, thoueh related velocities,— which moves over slopes in- 
con^stent witn the friction between its surface and the ^und 
on which it rests, — which surmounts obstacles, and even if cleft 
into two streams by a prpiecting rock, instead of bein^ anchored 
thereby as a solid would necessarily be, reunites its stream 
below, and retains no trace of the fissure, leaving the rock an 
islet in the icy flood, — a substance which moves in such a 
fashion cannot, in any true sense of the word, be termed a rigid 
solid, and must be granted to be ductile, viscous, plastic, or 
semi-fluid ; or to possess qualities represented by any of these 
which we mav choose to adopt as least shocking to our ordinary 
conception of the brittleness of ice ! '^ In a foot note he refers 
the reader to certain works for a ''fuller reply to the objections 
which have been urged against the plasticity of glaciers.'' In 
this passage he is evidently contending that the glacier does not 
slide down like a solid, but that it flows down like a fluid which 
possesses a semi-fluid, thick character ; and it is clearly in this 
sense that he uses the word viscous, and not in that which. 
Tyndall assigns to it, viz., gluey tenacity. 

It will be seen that in the above passage Forbes says a glacier 
is not a crvstalline solid, like ice. This standing by itself may 
be true, if by ice be meant ice below 28"* F. ; out in another 
place he indicates his meaning by describing a glacier as a mass 
of ice and water. He alludes to the palpable fact that there is 
an immense quantity of water engulfed in the ice ; but he con- 
ceives that it not only fills crevices, but even minute capillary 
fissures, which extend everywhere through the ice ; and it is the 
hydrostatic pressure thus involved that he believes to be the 
main moving aeent. The correctness of this idea has not been 
confirmed, and Tyndall adduces facts which militate against it 
In December, 1869, there was a long spell of intensely cold 
weather, which it is imagiaed must have caused all the water to 
be drained off from the capillaries, and yet the glacier moved 
with half its summer rate. In those localities, again, where the 
superficial supply of water is stopped for the longest period, viz., 
in the higher portions of the glacier, the winter motion differs 
but little from that of summer. Experiments have been made 
with coloured fluids to ascertain whetner the ice is traversed by 
capillaries, but nothing of the kind is perceptible in the sound 
unweathered ice. 

The ice of glaciers does contain spaces of various kinds, some 
of which contain water and a vacuum, and others water and a 
bubble of air. The former appear to be the result of a partial 
decrystallization of the ice, while the latter, it has been sug- 
gest^, are the original water and air bubbles of the n^vS which 
have never been frozen. The former may be produced arti- 
ficially by converging the rays of the sun to a focus within a 
block of ice. Along the cone occupied by the luminous rays a 
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number of minute lustrous spots spring into existence, which, 
when closely examined, are seen to be single or clustered, six- 
staired or six-petalled figures, with a central bright spot The 
moment when the lustrous dots appear is accompanied by a 
dight clink. What produces the noise? When water is de- 
prived of air and heated in a narrow tube, its temperature may 
oe raised to 300° F. and then it suddenly explodes. When ice 
freezes, all the air which the water contained is expelled. When 
the sunbeam passes into the ice a portion of it is melted into 
water. As such water is perfectly aevoid of air^ it has a strong 
cohesive power, and like air-deprived water ite cohesion is 
disrupted suddenly and violently. The water in the ice occu- 
pies less space than the ice which it represents, and as it cannot 
nil the space, the disruption of the paitides and the formation 
of the vacuum is effected with a sudden clink. When a summer 
sun shines strongly upon a glacier, many persons have heard a 
remarkable crepitation, which Tyndall has little doubt is due to 
the formation of myriads of six-rayed figures, each encircling a 
vacuum. That the bright spots are vacua, not air bubbles, is 
shown by the sudden collapse of the spaces when the ice is 
melted. If they were air bubbles they would ascend through 
the water. In lake ice the figures occur in parallel planes, 
which mark the planes of freezing. There are no such aefinite 
planes in glacier ice ; but the various spots occur in all positions. 
A close examination, however, shows groups arranged m planes 
parallel to one another, but such planes stand at all angles one 




a compact mass by regelation. The associated air and water 
cells of glaciers are probably similar to those of lake ice. The 
last have been exammed by Tyndall with a view to ascertaining 
if they had ever been frozen. He ar^ed that if the air was 
simply entangled atmospheric air, its aensity would be at least 
that of the atmosphere, but if derived from the melting of the 
water bubble it would be highly rarefied. The ice was placed 
in warm water, and the action of the air, when brought into 
contact with the warm water, observed. In all cases the air 
collapsed, sometimes to a thousandth part of its original volume, 
a fact which shows a high degree of rarefaction. 

In the portions of glaciers about midway between their origin 
and termination the ice is frequently of a whitish hue, owing to the 
number of minute air bubbles withm it, but traversing the whitish 
mass are myriads of parallel blue bands, in which the bubbles 
are absent or rare, and hence the ice has a veiny, streaky^ or 
laminated appearance. Sometimes this structure has a beautiful 
appearance, and in the glacier of the Rhone it pervades the ice 
everywhere, while in other glaciers it is less extensive. The 
diflfeient bands vary in hardness and structure, so that when 
weathered the surface of the ice is worn down into little grooves 
and rid^s, ihe harder laminae standing out beyond the softer. 
The hoUows retain bH the light dirt which is blown over the 
glacier, and these dirt lines form useful guides in ascertaining 
the directions in which the ice has been compressed or squeezed 
The veined structure has been noticed by almost every observer 
of glaciers, but Guyot was perhaps the first who gave a clear 
description, which we subjoin : — " I saw imder my feet the 
surface of the entire glacier covered with regular furrows from 
one to two inches wide, hollowed out in a half-snowy mass, and 
separated by protrudiog plates of harder and more transparent 
ice. It was evident that the mass of the slacier here was com- 
posed of two sorts of ice— one, that of the furrows, snowy and 
more easily melted ; the other, that of the plates, more perfect, 
crystalline, glassy, and resistant ; and that the unequal resist- 
ance which the two kinds of ice presented to the atmosphere was 
the cause of the furrows and ridges. After having followed 
them for several hundreds of yards, I reached a fissure 20 or 30 
feet wide, which as it cut the plates and furrows at right angles 
exposed the interior of the glacier to a depth of 30 or 40 ^et, 
and gave a beautiful transverse section of the structure. As far 
as my vision could reach I saw the mass of the glacier composed 
of layers of snowy ice, each two of which were separated by one 
of the plates of which I have spoken, the whole forming a regu- 
larly laminated mass, which resembled certain calcareous slates." 
The blue vein structure has been attributed to the stratification 
caused by the annual falls of snow ; but there are several objec- 
tions to this view, amongst which may be mentioned the lact 
that the structure is vertical, not horizontal, and that the bands 
are not continuous, but occur as a multitude of short streaks 
disconnected from, but parallel with, one another. Forbes appears 
to have accounted for it in his latest publications by the action 
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of pressure on the ice, producing lamination. Tyndall advocates 
a very similar view. Thus he mentions many familiar cases of 
lamination being produced by a weight rolling or gliding over a 
soft, pasty, plastic mass, as in making puff paste. A similar 
action occurs in a glacier. The central portion moves faster 
than the sides, the disproportion being greatest where the pres- 
sure is most energetic. The sides are retarded by the environing 
rocks. Hence the median ice is pushed past the plastic latenu 
ice, much in the same way as the roller passes over dough, 
squeezes out the ice, and then induces lamination, which usuaSly 
forms a right angle with the marginal crevasses. Lamination, 
however, also occurs in other parts of the glacier, but in all cases 
it is best displayed where a sliding pressure is most powerful. 
In order to show that the lamination is a different thing from 
stratification, Tyndall searched long for an example of Avhat is 
foimd in terrestrial strata, viz., of cleavage cutting the line of 
bedding at an angle. He describes one example in the Aletsch 
glacier, and a second in the Furgge glacier. Pressure, then, 
may account for the laminated structure; but it does not by 
itself explain the appearance of the blue bands. To understand 
how they are formed, we must recur to some of the properties of 
matter in general, and ice in particular. A liquid possesses a 
certain cohesive force, and when heated it begins to boil as soon 
as this is overcome. This force corresponds to a definite degree of 
heat. If a weight is placed on the fluid, the heat has to overcome 
the resistance of both the cohesion and the superincumbent pres- 
sure, and hence more heat will be require, in other words, the 
temperature of the boiling point is raised. In like manner, the 
fusing point of a solid may oe raised by pressure. This state- 
ment is true for all substances which expand when passing from 
the solid to the fluid condition, and contract when they scuidity. 
Bismuth, however, contracts on fusion, and in its case external 
pressure would aid to bring the particles together, and assist the 
action of heat. Bismuth will fuse at a lower temperature when 
subjected to pressure. Ice behaves like bismutii m contracting 
when it soliaifies, and hence its fusion mav be expected to be 
facilitated by pressure. Messrs. Thomson have experimentally 
proved that external pressure enables the ice to liquefy at a 
lower temperature than 32°. If this be true, then, pressure 
alone should cause ice at 32° to partially liquefy. Tyndall placed 
a small cylinder of clear ice in a press, and on watching uie ice 
he saw cloudy lines make their appearance, which augmented as 
the pressure was continued. When looked at obliquely the ice 
had a laminated appearance. In order to show that the cloudy 
condition was not due to air which had penetrated between the 
laminae, the experiment was repeated witn the cylinder in water, 
and again, when partially in the water and partially in air, but 
the result in aU cases was the same as at first. To show that 
compression, and not tension, produced the lamination, a cylinder 
with one of the ends oblique to the axis was placed in the press. 
The flat end was flush with one side of the press, but the olmque 
face could only touch the opposite side by its extreme point. 
The upper side of the cylinder would, therefore, be longer than 
the lower. On putting the press in action, the longer and upper 
side was squeezed in air till it was shortened to the length ot the 
lower side. The upper side, where compression had taken place, 
showed the lamination, whereas the lower side, which had not 
been pressed, retained its original clearness and homogeneity. 
The suriiEu^es of the laminao were hazy, and Tyndall states that 
" had the spaces been filled with air, or were they simply vacuous, 
the reflection of light from them would have been so copious as 
to render them much more brilliant than they were observed to 
be. To examine them more particularly, I placed a concave 
mirror so as to throw the diffused daylight from a window full 
upon the cylinder. On applying the pressure, dim spots were 
sometimes seen forming in the very middle of the ice, and these 
as they expanded laterally appeared to be in a state of intense 
motion, wnich followed closely the edge of each surffice as it 
advanced through the solid ice. Once or twice I observed the 
hazy surface pioneered through the mass by dim offshoots, appa- 
rentlv liquid, and constitutii^ a kind of decrystallization. From 
the closest examination to wmch I was able to subject them, the 
surfaces appeared to me to be due to internal liquefaction ; 
indeed, when the melting point of ice, having already a tempe- 
rature of 32°, is lowered oy pressure, its excess of heat must 
instantly be applied to produce this effect. . • . The ice of 
the glacier must undoubtedly be liquefied to some extent by the 
tremendous pressure to which it is here subjected. Surfaces of 
discontinuity will in all probabilitybe formed, which facilitate 
the escape of the imprisoned air. The small quantity of water 
produced will be paitly imbibed by the adjacent porous ice and 
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will be frozen when lelieved from pressnre. This action, asso- 
ciated with that ascribed to nressure in the last section, appears 
to me to famish a complete pnysical explanation of the lammated 
structure of glacier ice." 

The subject of the waste of glaciers is scarcely toiiched upon in 
the original article, the only reference to it being the notice of the 
trickling streams and gushing torrents which result from the disso- 
lution of ice. It is an important one, more especially in its rela- 
tion to the hypothesis respecting the larger dimensions of glaciers 
in former ages. The length of a glacier depends not only upon 
the quantity of ice which is forced down the valley, but upon the 
speea with which it travels, and the rate at which waste proceeds. 
For instance, it will be short in proportion to its shallowness rela- 
tively to its mass, since the waste proceeds most rapidly at the 
surface. There are, however, various compensating causes. If 
the glacier is shallow, the probability is that the valley is wide, 
and as the friction will be less than in a deep gorge the ice as a 
mass will flow down faster, supposing the inclination to be the 
ssime in the valley as in the goi-ge. It will be short in propor- 
tion as the angle of slope is less, for since it will flow more 
slowly it will be longer exposed to destructive agents. It will be 
short in proportion as the summer's heat approaches in equiva- 
lency the winter^s cold ; so that the size of the glacier is 
influenced by the average annual temperature, and not exclu- 
sively bv the nature of the winters or of the summers. Assuming 
that a glacier has an average rate of 550 feet per annum, which 
is the average velocity of tne Mer de Glace in summer, opposite 
the Montanvert Hotel ; that the average width is one mile ; 
and the average depth 400 feet. In such a case, the quantity of 
ice passing by a given point daily in summer would be a little 
over three million cubic feet, and in winter it would be about 
half this amount So that the flow may be estimated at about two 
million cubic feet per day annually. Assuming, sdso, that twenty 
feet of the glacier is melted away annually, it would follow that 
it would come to a termination about two miles lower down. 
The amount of waste above assumed is not excessive, for 
many stones are raised or rather sustained on pedestals of ice 
13 or 14 feet high, and generally slip off once or twice a year. 
The surface water, moreover, melts out channels for itself in the 
body of the glacier, and the bottom is believed to be more or 
less liquefied. Or we may refer to actual measurements. Forbes 
found that at a station on the Mer de Glace near Montanvert the 
ice moved nearly 19 inches daily in July and August; that 
3*62 inches were removed from the surface by solution, which is 
equivalent to about 18 feet in two months only. If it happened 
that the same quantity of ice was poured down the valley, and 
that only 10 feet of the surface was dissolved away annually, 
owing to a succession of cold or cloudy summers, this would 
enable the glacier to extend much farther. If the conditions 
were otherwise precisely the same, it would stretch two miles 
farther ; but the extra stretch would be considerably shortened 
by the greater heat of the lower district, and by the tendency of 
the extra ice to fiU up the valleys to a greater height. In almost 
all cases the variation in the size depends partly upon the winter 
and partly upon the summer temperature and serenity of the 
sky. An example of the increase of a glacier in recent times 
may be given. In the Alps the year 1818 was marked by a 
great extension of the glaciers, and 1846 presented a similar but 
smaller increase. The last augmentation was due to the heavy 
snowfalls in 1843 and 1844, followed by cold wet summers. The 
snow protected the glacier, and enabled it to traverse a greater 
distance while undergoing the same amount of waste. The glacier 
of Brenva was visited by Forbes in 1842 and 1846. In the former 
year a larch tree just at the end of the glacier was 300 feet above 
it ; while in August, 1846, it was not more than 100 feet above 
the surface of the glacier. The glacier was advancing rapidly, 
partly in consequence of the great accumulation of ice, and partly 
m consequence of the great heat of the summer of 1846. In two 
months it had advanced 70 feet. Forbes remarks that were the 
climate of 1844 and 1845 permanent there would be an enor- 
mous advance of the glaciers ; and that a more turbid and 
cloudy atmosphere, with an increase of the usual precipitations, 
would suffice to increase glaciers to almost any extent, even that 
which is required to account for the erratic phenomena, a tem- 
perate climate being most favourable to the growth, especially 
the progression, of glaciers. 

Before alluding to some of the facts demonstrative of the vast 
extension of the glaciers in the glacial epoch, allusion may be 
made to one or two of the theories connected with the recent 
glaciers. Rendu, Bishop of Annecy, was a man of powerful 
intellect, and was the author of a highly original worK on the 



theory of glaciers, published in 1840, which work seems to have 
been entirely overlooked for many years. He seems to have 
been amongst the first to recognize the veined structure, and was 
fully aware of the plasticity and r^elation of ice. His views aa 
to the principal way in which the ice is compelled to leave the 
mountains are quite original. He points out that ice can only 
support a given pressure without being broken or squeezed out. 
Wnen, then, the snow or ice exceeds a certain thickness, the lower 
portion is compelled to give way. He says that something of 
this kind really occurs on Mont Blanc, and experiment has fully 
confirmed his views. The idea is especially applicable in explana- 
tion of comparatively level coimtries, such as Greenland, for it is 
very doubtful if gravity alone will impel an ice cap down a gentle 
slope, in consequence of the enormous retarding ^ect of friction. 
A glacier whicn is not connected with a large snowfield, and 
which is of comparatively slight thickness, rarely possesses 
much motion, however steep the incline may be. This is illus- 
trated by a small glacier on the northern face of the Schonhom, 
just behmd the Simplon hospice. It is about 8000 feet above 
the level of the sea, and the slope is in places 20^, 25° and 35^. 
It is about 1000 feet long, and 1300 in its greatest width. Its 
rate of motion in July was between one and two miles daily. 

M. Rendu insists upon the power of the ice to mould itself to 
the configuration of tne ground like a paste, and, after pointing 
out the great discrepancies in the guides' estimates of the rate of 
motion of a glacier, remarks that it arose from the great dif- 
ference in the speed of the central and lateral portions, the latter 
being retarded by friction against the sides. He, moreover, 
seemed to be fully aware of many other sources of discrepancy, 
for he says no general measure is obtainable, each glacier having 
its own rate, wnich rate is influenced by the slope, the depth of 
the ice, the width of the channel, the shape of its sides, and a 
thousand other circumstances. The velocity is great where the 
inclination is steep and the ice thin ; and where a steep slope is 
succeeded by a less inclined one, the glacier swells ana accumu- 
lates. And he is so impressed with the fluent nature of glaciers 
that he affirms that the resemblance is so complete between the 
Mer de Glace and a river that the one presents all the pecu- 
liarities of the other. His knowledge was equal to that of many 
of the most distinguished subse(^uent observers, but he had not 
discovered those pnysical qualities of ice by virtue of which it 
moved like a river, and became streaked with bands of blue ice 
by pressure. 

Professor J. Thomson's hypothesis as to the motive agent of 
glaciers is in the main a modification of the h3rdro6tatic prin- 
ciple advocated in various forms by so many ^lacialists. It 
differs from previous hypotheses in the way in which it accounts 
for the presence of the water, and in the position assigned to it. 
His view was that by pressure portions of the glacier were 
liquefied, the water bein^ squeezed through any crevice it can 
et into, and on the dimmution or withdrawal of the pressure, 
he water is again frozen. This action he believes is constantly 
oing on, so that every portion of the ice is liquefied in turn. 
?he myriads of minute motions thus produced have their result- 
ant in the genend downward movement of the glacier. 

We have made freq^uent allusion to a glacial epoch, an epoch 
when glaciers were rile and abundant throughout the polar por- 
tions of both hemispheres to an extent far beyond the conception 
of many persons. Not only did large glaciers exist where now 
every particle of snow msappears every summer, but such 
localities were the scene of the most extreme degree of glacia- 
tion, such as is now typified by Greenland, Spitzbergen, and 
other ice-clad areas. A general account is given of this epoch 
under Post-Pliocene, E. C. S., but something may be said 
here of the old glaciers. We assume that the reader is familiar 
with the peculiar marks of a glacier, such as moraines, striated 
surfaces, elevated boulders, &c. One thousand feet above the 
level of the Aar glacier are to be seen rounded and striated 
contours, which demonstrate that a glacier, and no doubt the 
Aar glacier itself, flowed along at this elevation. It may be 
supposed that a glacier, similar in size to the present one, may 
have flowed when the valley bottom was a thousand feet 
higher than now, and that the difference of level has resulted 
from glacial erosion. That there has been erosion there can 
be no doubt, and as little that erosion has been going on for 
a very long period of time. That the glacier was really 
thicker, nay much thicker, is rendered very probable from 
the evidence that exists, showing that the length of the glacier 
was at one time immensely greater than now. Further, 
when the hills which separate many of the present glaciers 
from one another are examined, they are foimd to bear all 
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the markB of having been overflowed by glaciers, showing 
that the old ice cappal elevations now free from it. And, if to 
add still more convincing testimony, lai^ge terminal moraines 
exist to mark the extreme extension^ which was very much 
lower down than any of modem date. Thus at Ivrea, there is 
an immense moraine, which was deposited by a glacier whose 
length is estimated at 104 miles, and which fUied the valley of 
the Aosta to a height of 2000 feet. There was a still larger 
glacier in the valley of the Rhone, which commenced in the 
Seidelhom, extended down to the Lake of Geneva, where it 
spread out in a fan-shaped mass which abutted against the Jura 
Mountains. Some autnorities believe that the glacier did not 
extend so far, but that the blocks on the Jura were floated from 
its terminus across a wide arm of the sea which flanked the Jura 
Mountains. Guyot has carefully examined the question, and 
has shown &om the disposition of the boulders or morainic 
matter throughout the plains of Geneva and Berne, that the 
probability is in favour of their having been transported by 
glaciers, not by icebergs. 

The region round Snowdon presents many signs of glacial 
action, the walls being round, mammillated, and striated, from 
the level of Llyn Padam to a height of several hundred feet 
above it Moraines exist in many juacee, a fine one occurring at 
the entrance to Cwm-glas. Traces of glacier action are conspi- 
cuous in six of the principal valleys which debouch from Y 
Wyddfa, but they are especially remarkable in the pass of 
Llanberis and the valley of the Rothel, as also in Nant Francon. 
The Llanberis glacier appears to have been about three miles 
long and several hundred leet, probably as much as 800 feet deep. 
The kind of scene which the rass of Llanberis presents has been 
sketched by Professor A. C. Ramsay in the following terms : — 
" Up the Pass, every step beyond L1}Ti Peris, the signs of a 
yanished glacier become more and more apparent. Erratic 
blocks, mingled with smaller moraine matter, lie on the road- 
side and up among the rocks, easily distinguished by the ex- 
perienced oDserver from more modem blocks and talus that lie 
below the weathered clifiis. On both sides of the valley the 
rocks, strewn with blocks, frequently present the well-miown 
moutonrUe form, more or less perfect; and this is especially 
plain towards the turnpike gate, and near Pont-y-Gromlech, 
where bosses of felspathic porphyry rise like little hiUs in the 
middle of the valley, something like miniatures of that behind 
Grimsel. Though their sides have been scarred by the winters' 
frosts, their summits, roughened by the weather, still retain the 
largely manmiillatea form impressed on them of old by the 
grinding ice; and while the tourist who sees something in 
scenery beyond mere external form is often puzzled to account 
for the numerous blocks that, perched on precarious points, 
seem as if they ought to have taken a final bound into the 
lower valley, the weU-pleased eye of the geologist, versed in ice, 
at once detects that they were let gently down where they lie by 
the melting of the diminishing glacier. Further up the valley, 
behind Blaen-y-nant, a brook descends from the hollow of Cwm- 
glas. A little way up its banks, a good-sized moraine, after- 
wards to be more particularly noticed, has been cut through by 
the stream, and bends up both its banks. Above this, going up 
the Pass, the ground on the right is all covered with moraine 
d^bns, and nearly opposite the great faUen blocks of stone, now 
called a cromlech, a nnge mound, worthy the name of a hill, 
rises in the valley between the road and the upper side of the 
entrance to Cwm-glas. So large are some of the angular blocks 
with which it is studded, that for some time I was doubtful if 
the hill did not chiefly consist of a solid mass of felspathic por- 
phyry, but the mixed nature of its fragments, its form, and 
position, after many a visit, forced me to the conclusion that it 
is the relics of a large moraine, shed from the upper side of a 
glacier that once descended from Cwm-glas, and abutted on the 
opposite side of the Pass. Below Pont-y-Gromlech, there are 
other traces of moraines, and several erratic blocks— one of them 
of greenstone — lie percned on a lar^ rounded boss of felspar 
porphyry. The ice furrows on its surface are almost all 
weathered away, but such as are traceable trend towards Llyn 
Peris, and, as is frequently the case, the more broken side of the 
rocke TnautcnrUe faces down the valley. Opposite, above the 
bridge, on the Snowdon side of the valley, a great dark wall of 
rock rises abruptly from the broken lower slopes, about a 
quarter of a mile mm the road. From the bottom of the Pass 
it looks almost inaccessible, but half-way up there is a rough 
terrace at the foot of a greenstone dyke that forms in part the 
face of the cliff. The slope of the precipice is about 68" towards 
the Pass, and in one place especially the wall of rock is polished, 



and striated in at least six piincipal grooves which slope down 
the valley (not down the hiU) at an angle of 12®. Some of 
these are deeply graven, from two to two and a half feet wide, 
and twelve or eighteen inches deep, and they run so evenly ^ong 
an almost vertical wall of rock, that the idea is at once suggested 
that they were formed by the long-continued pressure of a 
glacier, so large that it filled the valley to a far greater elevation 
than the groove, and by reason of the huge overlying mass of ice 
a middle stratum, as it were, of the glacier was jammed against 
its bounding walls so powerfully that by help of the grinding of 
imprisoned stones, in time, it graved the strong furrows still so 
perfect. To the very top of the Pass the same kind of evidence, 
botli of moraine ddbris and striation, continues unabated, espe- 
cially on tlie higher slopes on the north-eastern side of me 
valley, where, above the modem shingle and broken cliffs that 
overlook the brook, numerous roches moutoniiSes remain still 
partly unweathered, and here and there dotted with blocs perchSs. 
By the road at the twelfth milestone a good instance occurs of a 
roche moutannee, easily seen by those who are satisfied with 
roadside geology. Its curving outlines are perfect on the top, 
but at the sides it has been shattered by the weather. Close by 
the waterfedl at Gorphwysfa, the striae on the rocks still run 
north-westerly in the direction of the Pass, like those that must 
now be forming at the snowshed of the Upper Aar, and other 
glaciers. Once fairly across the watershed, where the valley 
widens, they rapidly curve round with the average slope of the 
eround, some passing in the direction of Nant-y-gwryd towards 
Capel Curig, and others down Nant-gwynnant." 

But Europe is not the only place where ice seemed to have 
reigned most triumphantly, for similar evidence to that already 
adduced has been affordea by America, Asia, and even New 
Zealand. In the last-mentioned country the glaciers which now 
descend but a little way down the mountains, reached as far as 
the present level of the sea during the post-pliocene period. 
The whole of Canterbury province seems to have been one ice- 
field, which may have exceeded the present land area. So far 
as explored, the larger portion of the western slopes of the 
Southern Alps are covered with morainic accumulations. Haast 
has mapped out the extent of the post-pliocene glaciers. Many 
of the principal promontories, such as Abut Head, Bold Head, 
CM' Head, are formed of terminal moraines, and the lengths of 
the principal ice-streams varied from 25 to 60 miles, and one 
which existed, it is said, before the post-pliocene period, was 78 
miles in length. 

In the Himalayas the glaciera are now on a grander scale 
than anywhere else, some of them being fourteen or fifteen miles 
long, while several others are longer still, the Chogo glacier 
being twenty-four miles, and the Biafo clacier more than forty 
miles from end to end. During several years past they have 
been on the increase, some having extended their length by one 
or two miles within the memory of the present generation. But 
enormous as these are, they are not to be compared with the 
gigantic ice-streams of former, probably post-pliocene, times, 
some of which were 100 miles or more in length. 

The time is not ripe for a complete theory as to the cause or 
conditions which brought about the great size of the glaciers in 
the post-pliocene period; mainly because there are so many 
things to take into account ; and probably most of the hypotheses 
hitherto started have some tmth in them, but, as seems to us, 
they fail because they do not state the whole truth, and nothing 
but truth. The correct theory will combine the truth of all, 
and add that wherein all are deficient. Professor Frankland's 
idea is very ingenious. He insists that the true explanation is 
not that there was a greater degree of cold, for that, he remarks, 
would diminish the quantity of snow, but a higher temperature 
of the ocean. He devotes a long discussion m support of his 
view, and endeavours to show that the ocean formerly had a 
higher mean temperature in conformity with the gradual cooling 
of the globe ; and that it was when the snow line reached below 
the tops of the mountains that the most copious deposits occurred. 
As the temperature declined, the evaporation would be less rapid. 
But the main fact to prove is that the ocean (as a whole) was 
really so much warmer as to account for the great snow fall ; 
and further, it has to be proved that the greatest extension of 
glaciera was simultaneous throughout the earth. Tyndall has 
pointed out that the most favourable condition for the conden- 
sation of vapoura is a great differentiation of temperature. But 
Frankland's view appeara to be inconsistent witli the nature of 
the fauna and flora, which bear strong evidence that both the 
land and the ocean contiguous to the ice-clad lands was much 
colder than now. It woiud be quite in harmony with the facts 
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to Bappose that the snow-bearing air currents flowed over more 
southern and warmer seas prior to depositing their load on 
the mountains in the post-pliocene penod than now. This is 
the suggestion Escher von der Linth has made. He said, in 
1852, that the colossal dimensions of the old Alpine glaciers 
would be accounted for if the Sahara was once a sea. It has 
since been proved that the Sahara was once covered by salt 
water to a depth of 900 feet or more^ and that too within a com- 
paratively recent period. Its maximum width was, according 
to Tristram, 800 iniles. The nature of the fauna of the desert 
and of the surroimding lands harmonises with this fact. [Geo- 
graphical Distribution op Animals, E.G. S.] If an air current 
passed over this sea it would materially aid m increasing the 
snow-fall, and the point to establish is that a current did pass 
over the Sahara sea and impinge upon the Alps. This has not, 
we believe, been proved yet, but the probability of the case is 
very strong, seeing that a wind frequently blows now from the 
Sahara to tne Alps. But the conditions are changed, and if the 
post-pliocene wind under the circumstances stated was a snow- 
bearing current, it oucht now that it passes over a dry and 
thirsty desert to have tne power of depositing very little snow, 
since it can get but little moisture from the Mediterranean. 
The wind we speak of is well known as the Fohn, and Escher 
and Denzler have observed that when prevalent it has melted 
away one foot of snow in four hours ; and Irscher has seen the 
snow line rise on the mountains when this wind blows. It 
has been observed that if, during a series of vears, the Fohn 
blows for a less number of days per year, the glaciers increase. 
If the Folm absolutely ceased how much greater would be the 
effect. But if the Fohn were saturated witn moisture it would 
become the principal feeder of the glaciers and not their 
devourer. If the land was much higher, as there is good evi- 
dence to show ; if the reservoir for me snow was less inclined, 
which also there are good grounds for believing; if the Gulf 
Stream were deflected; if the lower atmosphere of the Alps 
were moister, as would be the case with a saturated wind from 
the Sahara ; if all, or the most of, these points be established, 
we should have the groundwork for a sound hypothesis. There 
is little question that if these conditions existed they would 
account for the great extension of glaciers as satisfactorily as 
Professor Frankland^s hypothesis ; but what is wanted is an 
exhaustive analysis of the evidence pointing out the probabili- 
ties of each and the extent to which each contributed to the 
common result. 

(Tyndall, Glaciers of the Alps ; Ramsay, Old Oladers of Stoitzer- 
land and North Wales; Godwin- Austen, Joum. Boy. Geog, 
Soc, xxxiv. p. 19 ; Haast, in same vol., p. 87 ; Forbes, Occasional 
papers on the theory of Glaciers; Frankland, Reader, III. p. 171 ; 
Lyell, Sir C., Report of the Thirty-fourth Meeting of the British 
Association for the Advancement of Science, p. Ixx. ; etc.) 

GLAUCONITE [Foraminipera, E. C. S.]. 

GLYPTODON. The early bibUographical history of this 
genus having been given imder MEOATHERiiDiE [E. C. voL iiL 
col. 759], we resume the thread with the year 1846, when a great 
number of fossils were collected by Dr. Numez on the banxs of 
the river Lujan, near Monte Video. They were given by Vice- 
Admiral Dupetit, who took them to Paris, presented some to the 
Museum of the Jardin des Plantes, and reserved others for him- 
self. On his death, those in his own collection were transferred 
to Dijon. From these collections M. Nodot obtained the large 
proportion of the skeleton of an animal which he looked upon as 
closely allied to the Glyptodon, but distinct from it, and to which 
he cave the name Schistopleuron, He recognised three species ; 
and has given descriptions of the bones belonging to them in 
his omder-mentioned memoir, published in 1857. A fine speci- 
men of Glyptodan was discovered in I860 on the banks of 
the Salado in Buenos Ayres province, which was shortly de- 
scribed by Huxley in 1862, and more fully in 1865. In 1863 
M. Serres pointed out some anatomical peculiarities in the 
skeleton of Glyptodon, which enabled the animal to withdraw 
its head beneatn its carapace for protection from danger. In 
1865 Herman von Meyer gave an elaborate description of the 
skull of G. clavipes, and in this year Serres contributed some 
facts relating to tne anatomy of this species, as also of G, omatus. 
In 1866 Serres described a new species, G, giganteus; and 
Burmeister enunciated his views on the classification of Glyptodon 
and its allies, and gave an account of the specimens existing in 
the Museum at Buenos Ayres. 

Burmeister considers that the Schistopleuron of Nodot is not 
admissible since one species is a Glyptodon, and the others belong 
to the genus previously established by Limd under the title 



Hoj>lophoru8, His definition of Glyptodon is — " tail elongated, 
conical; the rings before the apex formed of flat shields or 
scales ; the apex more or less cylindrical, with a bulbous swelling 
at its commencement ; mesocervical bone, with five united 
vertebra).'' Hoplophorus is defined as having the ''tail short, 
conical, with six nngs of large conical tubercles on the end of 
each ring of the upper side of the tail ; mesocervical bone con- 
sisting of four united vertebras, the sixth free ; scales of the 
carapace with one hexagonal figure in the centre, and six 
pentagonal ones on the circumference.'' 

In Nodof s paper full descriptions are given of the bones, the 
probable habits, and the classification of the forms which 
Burmeister assigns to the two above-mentioned genera. Nodot 
believes the tau was used partly as a fulcrum to sustain the 
heavy armoured beasts when they reared themselves upon their 
plantigrade hind feet against a tree for the purpose of plucking 
its leaves or branches; and partly as a aefensive weapon, a 
switch from the tail being suflicient to repel most enemies. He 
thinks that the power of pronation and supination possessed by 
the short and powerful forearm implies that these animals were 
active diggers. As their enormously thick buckler (which 
covered every part of the body, and beneath which the head 
could probably oe drawn) afi'orded them considerable protection 
from external foes, he is inclined to accept the view that these 
edentates excavated the ground for food, and not to construct a 
burrow wherein to retreat. But Glyptodon probably was not 
without enemies. Nodot believes the strong fanged Alachairodug 
smilodon partly sustained itself upon Glyptodon and Hoplophorus, 
The feline was powerless when it attacked the edentate from 
behind, since it would crouch on the ground with its head tucked 
under the carapace, and hammer with its mighty taiL If, how- 
ever, the feline attacked it in front, it would, as is conjectured, 
rear itself upon its hind l^s, and in so doing, would expose its 
soft plastron through which the Machairodus could readily deal a 
deathblow with its fangs. The jaguar is accustomed to capture 
tortoises in this way. 

We have not thought it desirable to enter into anatomical 
details here, for which we would ask the reader to consult the 
undermentioned works. 

(Nodot, Description d!un nouveau genre et Edente Fossile renfer^ 
ment plusieurs espices roisines du Glyptodon, Mem, de VAcad, 
Imp, des Sciences du Dijon, Second Series, vol. v. ; Huxley, 
Philosophical Transactions, voL civ., p. 31 ; Serres, Comptes 
Rendus, vol. Ivi. pp. 885, 1028 ; Ixi. pp. 457, 537, 635 ; IxiL 
p. 207 ; Mayer, Palceontographica, voL xiv. p. 1 ; Burmeister, 
Annals and Magazine of Natural History, Thinl Series, voL xviii 
p. 299.) 

GOLD. Numerous details respecting this metal may be 
found by reference to the articles Gold m the Nat. Hist, and 
Arts and Sci. Divisions of the Cyclopaedia, as well as to nume- 
rous articles in the Geoq. Div., imder such titles as Australia, 
Africa, Asia, Califomia, &c. On comparing the accounts of the 
first discovery of gold in Australia, as given under Gold, Nat. 
Hist. Div. col. 1067, and under Australia, Geog. Div., several 
discrepancies will be noticed. The latter is, we believe, strictljr 
accurate, and may be considered as supplementary to what is 
stated in the present Division. It may, however, be mentioned 
tliat even before Strzelecki discovered the metal, the existence of 
the gold was well known to many of the shepherds. The term 
native gold does not imply that the metal is pure ; indeed, no 
absolutely pure specimen has yet been met with. Silver forms 
varying proportions of all the specimens that have been carefully 
examined ; while traces of copper and iron are also generally 
present. The frequent association of these metals is me more 
mteresting, when it is remembered that iron or copper 
pyrites are almost always permeated with small quantities of 
gold. 

As silver is much lighter than gold, it would naturally be 
expected that native gold would be lighter than pure gold ; 
but this does not suffice to explain the variations actually met 
with. The specific gravity of pure compact gold is 19*2 or 19'3» 
and that of pure compact silver is 10*5 ; but native gold is 
always lighter than its composition would indicate, so that the 
specific gravity does not wholly depend upon the alloying metals 
present. For example, a specimen from tne Riviere du Loup in 
Canada had a specihc gravity of 16*65, and contained 13*60 per 
cent, of silver. On hammering and annealing it the specific 
gravity was increased to 17*02, indicating a considerable degree 
of porosity. Hence two specimens having almost identical com* 
positions may vary in their specific gravity in consequence of their 
different degrees of compactness. An example of this is pre- 
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sented by the specimens analysed by Bose : (1) from Alexander 
Andrewjewsky and (2) from Petropawlowsk : — 



Gold . 


(1.) 
. 87-40 


(2.) 
86-81 


Silrer 


. . 1207 


1319 


Copper . 


•09 


tr. 


Iron 


. . tr. 


tr. 


Sp. gr- . 


. 17-40 


16-86 



The specimen frx)m Marmato, with a specific gravity of 12*66 
(mentioned in E, C), probably owed its lightness to a more 
than usually high degree of porosity. If a specimen having the 
composition assigned to this were made of ordinary compact 
metals, its specific gravity would be 16*93. 

Gold is BO commonly regarded as a substance which retains its 
metallic solid nature amidst all the conditions to which it is 
naturally exposed, that it seems desirable to point out here that 
nitromuriatic acid and mercury are only two out of many sub- 
stances which will dissolve gold ; and that^ as will be 8ho^vn 
further on, there are numerous facts which mdicate that native 
gold has been, and is now being, distributed by means of solutions 
as well as by mechanical forces. Gold is soluble in nearly all 
the ethereal solutions of the perchlorides and perbromides ; in 
many of the sesmiichlorides and sesquibromides ; in the ethereal 
protiodides ; and in all liquids from which chlorine, bromine, or 
iodine can be liberated in the nascent form. In this general 
statement we have indicated hundreds of solvents for gold, but 
a few of them may be referred to more minutely. The solvent 
power of nitromuriatic acid is not due to the acid itself, but to 
the nascent chlorine which is liberated by it. A solution of 
perchloride of manganese forms a good solvent ; it has a green 
colour, w^hich gradually becomes lighter as the gold disappears, 
o>ving to the reduction of the percmoride to the insoluble proto- 
chlonde. On heating the residue obtained by eva^rating the 
liouid, the gold will remain as a layer adhering hrmly to the 
sides of the vessel, but it may readily be detach^ by means of 
hot nitric acid. This is the basis of the new method of extract- 
ing gold from auriferous ores, proposed a few years ago by Mr. 
Orace-Calvert as a substitute for amalgamation, an account of 
which is published in the * Report of the British Association for 
1864' (Kotices), p. 25. Another method, that of Plattner, is 
based upon the solvent power of water when saturated with 
chlorine. If gold leaf oe placed in ether, and a stream of 
iodhvdric acid gas be passea through the fluid, the metal will 
rapidly dissolve. lodme alone has no effect on gold, nor has 
the ethereal solution of tbis element ; but it forms an excellent 
solvent when gold is exposed along with moist iodine to a strong 
sunshine, or to a temperature of 60° C. In this way iodide of 
gold is formed, which, when slightly heated, deposits a film of 
gold. Another excellent solvent not comprised in the above- 
mentioned group, is cyanide of potassium, and is the one laigely 
used by Professor Faraday in his remarkable researches on the 
relations of gold to light. 

I'hese researches showed that the yellow colour of gold belongs 
to it under certain circumstances only, and that by altering the 
physical conditions the colour will vary considerably. In the 
compact massive state it is perfectly opaque, and has a yellow 
colour by reflected light ; when beaten out into gold leaf with a 
thickness of about sgLs*^ ^^ ^^ ^^^ i* ®*^ appears yellow by 
reflected, but is translucent, and of a greenish colour by trans- 
mitted light. Such a leaf is full ol holes, and it might be 
supposed the alteration is due to this circumstance ; but an 
examination with the highest known microscopic powers shows 
that the translucency and green colour belong to the continuous 
parts only. If such a leaf be placed in cyanide of potassium 
imtil its thickness is reduced to ^th of its former dimensions, it 
still retains its power of transmitting a gieen colour ; but when 
tMs film is placed in a hot-oil bath for five or six hours, cooled, 
and freed from oil by washing with camphine and alcohol, the 
thinner parts are colourless by transmitted light, while the 
thicker parts are pale light green. If this be pressed with a 
burnisher, the green colour is restored. This is doubtless due to 
the film being puckered up into folds, and therebv thickened. 
By placing phosphorus on a solution of gold, films may be 
obtamed of almost anv degree of tenuity desired. The film 
formed is at first colourless ; as it gradually thickens it acquires 
a feeble grey violet tint, then violet, greenish violet, and ulti- 
mately becomes more and more green. When a grey violet 
film is placed on a solution of cyamde of potassium it acquires a 
green colour in the act of dissolving ; if laid in a solution of 
chlorine it acquires a ruby tint ; and if heated it becomes purple. 



As will be seen, a change of thickness produces a change of 
colour, but the latter change is also brought about by other 
physical alterations. Thus, for example, if minute particles of 
phosphorus be placed in a solution of gold, a ruby-coloured fluid 
will be formed, which owes its colour to the suspension of 
exceedingly minute particles of gold. The quantity of metallic 
gold present may be so regulated that a given depth, say two 
inches, will contain as mucn as corresponds to an ordinary gold 
leaf. In both cases there may be the same quantity of metal 
between the eye and the light, yet the leaf is green, and the fluid 
nibv tinted. The latter retains its colour, even when diluted 
with twelve times its volume of water. A^ain, if a few drops of 
the ruby fluid be touched with common scdt it turns blue, and 
sometimes colourless, and yet, according to Professor Faraday, 
the gold is chemically unaltered, and remains still in suspension. 
Many other substances besides salt will produce the same effect. 
The reducing action of phosphorus on gold solutions has been 
incidentally mentioned ; and another reducing agent, or rather 
a group of them, may be referred to, viz., animal substances. 
Every person who has had occasion to work with gold solutions 
is familiar with the grey violet stains produced when the skin 
touches them. These stains are due to metallic gold in a similar 
state to the similarly coloured films formed by the action of 
phosphorus on the same solutions. Gold is also easily precipi- 
tated from its solutions by many vegetable acids, most metals, 
and many ferrous salts. 

In considering the distribution and mode of occurrence of 
gold, there are a few considerations which ought not to be 
wholly overlooked. First, the larger portion of our information 
is derived from persons whose Imowledge is mainly gathered 
from one district, from which circumstance they are more or less 
liable to consider that the order of importance of the phenomena 
in their district is the same as will be found in all other dis- 
tricts ; secondly, the usual object with those seeking a knowledge 
of the natural occurrence of gold has a practical rather than a 
scientific end ; and, thirdly, it is exceedingly difficult to discuss 
the question as to the agencies by which gold has been deposited 
in veins without being more or less unduly biassed towards the 
aqueous, igneous, or hydrothermal origin of those veins. In 
short, it may be said that many of the hypotheses respecting 
^old have proved to be erroneous, and that the error has been 
discovered by the accumulation of further evidence gathered 
over a wider field. For example, twenty years ago it was the 
received opinion that gold was abundant only in the uppermost 
100 or 200 feet of the earth's strata — an opimon which receives 
no support now. One eminent geologist has expressed his belief 
that all the veins of the Silurian rocks receivea their chaige of 
gold during the tertiary period. Another has asserted that the 
metal is foimd in pliocene gravels, but not in miocene, and from 
this has argued that the metal appeared in the original rocks 
during the mterval which elapsed oetween the deposition of the 
two sets of gravels. Other geologists and mineralogists have 
repeatedly asked why it is that gold is only found in the most 
modern gravels and clays, seeing that the original seat of the 
metal is in the old Silurian rocks, and that these rocks have 
been subject to denudation from the later part of the Silurian 
epoch through all Mesozoic and Cainozoic times. Why are there 
no Mesozoic auriferous drifts ? These and other opinions will 
receive more or less consideration in the sequel, when we inquire 
whether the premises on which they are founded are true, viz., 
that gold is only found in superficial deposits or in post-pliocene 
gravels ; and tliat auriferous quartz veins were not formed prior to 
the secondary or even the tertiary period. But before entering 
upon the known facts respecting the occurrence of gold, we would 
admit that much evidence is yet required before a satisiactoxy 
determination can be arrived at as to the period when and the 
process by which the various auriferous veins were formed. 

The geographical and geological distribution of gold may 
be regaled from two very distinct points of view, viz., that of 
the miner or gold-seeker, and that of the naturalist. A great 
deal of evidence has been collected from, the former, but little 
from the latter standpoint Thus, gold-seeken are unusually 
stimulated when they near of masses being found weighing 2166 
ounces, and containing upwards of 2000 ounces of pure metal, as 
in the case of the * Welcome ' nugget, or even 210 lbs., as in that 
of the nugget found in the Donolly district, in March, 1869. 
They consider themselves fortunate when they come upon a 
quartz vein with 330 ozs. of gold to the ton of gangue, as at the 
Ologau mine, noar Dolgelly, m Wales ; and still more so when 
the same quantity of gold occurs in a ton of ^vel or sand, or 
where the metal forms about ijbs^^ P^ ^7 weight of the whole 
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moss of material. The/ will even work quartz with 4 dwts. to 
the ton, where ona part out of about 160,000 only ia metal; while 
the gypsies of Europe will wash sanda which contain even less 
than this. There are, however, many deposita where the pro- 
portion of gold is BO ntinute that it would be folly Co attempt to 
collect it as a payina speculation, vet theie may be aa much 
cold in theae as in tnc auriferous drills. At present we have 
few facts bearing upon thia bitmch of the subject, but researcheB 
made at the Sydney mint have shown that almost every distinct 
Idud of rock found in Victoria, belonging to numerous geolo- 
gical ages, contain appreciable quantities of gold ; and it is very 
probable that similar inquiries upon the rocks of other countries 
would lead to the same result. At any rate it ought not to be 
assumed that rocks of a given age contain no gold because it 
is invisible and doeii not contain it in a sufficiently concentrated 
form, to be worth the miner'a consideration. A proper examina- 
tion of the rock is required i>efora the absence of gold in it is 
admitted. The readiest metliod is with the spectroscope, which 
enables one to detect very minute traces of the metal Uic easier 
than by chemical analysis. 

Oold occurs either in veins in certain rocks, or in the detritus 
formed iiom those rocks. As tbe first are generally considered 
to he the original locality of the metal we will begin with them. 
There are several kinds of veins. Lieber has classified them, and 
for want of a better arrangement we will adopt his eron^iing, 
whicli is OS follows. (1) Bilicious veins, which are subdiviileJ 
into (a) quartzoae veins, which, when followed downwards, re- 
solve themselves into a matrix which contains little else than 
copper pyrites; (b) thoae in which the quartz is granular, and 
tarely contains copper oreij (e) the homsCone lenticular veins ; 
(d) the homblendic type. (2) Auriferous beds of the slates. 

The true quartz veins (a) are periiaps the most common. The 
quartz has a highly crystalline hyaline appearance, and fre- 
quently a bluish tinge. Iron pyrites is most abundant in the 
upper part of the veins, while copper pyrites predominates 
below. These veins, in fact, are those from which copper ores 
at« obtained, a more minute description of which occuis under 
CoFFBB, E. C. 8. They arc abundantly developed all along the 
eastern slopes of the Appalachian range ; and generally contain a 
mora or less auriferous gossan. When this is worked out tbe 
vein becomes more valuable for its copper than for its cold. 
The gold is roiely visible in the lowest parts of the vein where 
capper pyritea is found, but whare copper pyrites and iron 
pyntes occur together, it appears more aoundantly in minute 
particles, while higher up, or in the gossan itself, the particles of 
gold are generall;^ larger. The veins have, in most instances, a 
north-easterly strike, and in tbe United States are moat abun- 
dant in talcose and micaceous slates, although they have been 
found in gneiss, granite, and other rocks. It is noticeable that 
the veins are soniaimes marked by peculiarities which seem I 



group b the quartz 1 
■ i, like that of loaf sugar, whence 
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granitic and trachytlc 

In the veins belong ^ ^_. . 
white, and granular appearance, 1 

it ia called saccharoidaL Sometimes tbe colour is pure white, 
but frequently it has a peculiar yellowish tinge, due to the dis- 
semination of peroxide of iron through it. The quartz veins of 
group a are generally persistent in their character, and con- 
tinue to unknown depths; but those of group 6 are very 
irregular in siie, and entirely change their character or el'je 
disappear as soon as they pass from tbe more or less decomposed 
upper rock to the part which is hard and undecomposed. Tliis 
line ia generally that below wliich water is met with. The gold 
in these is of very fine grain, and always more or leas scaly; in 
many cases the metal is imperceptible, even where it may be 
abundant. These veins are exceedingly well developed all 
through the Atlantic States, from Vermont in the north to 
Geoigia in the south. The difference in the nature of the quartz 
of these two groups of veins is especially remarkable. The 
opaijue quartz veins ore found in the most fissile and friable 

Eortions of the slate country, while those formed of trauaparent 
yaline quartz are met witli exclusively in the hardest wcka 
and near dykes. 

The homstone lenticular veina forming group c are met with 
in the talcose slates of South Carolina, generally near a granitic 
and syenitic dyke. Tjie veins consist 
of disconnected lenticular masses 
fotmed of a material so closely re- 
sembling the surrounding slates as 
to be with difficulty distinguished 
from them, more especially when 
they occur in the joints which are so 
arranged as to diride the slate into 
rhomboidal masses. The material of 
the vein, however, contains far more 
silica than the slates, and its lustre 
is adamantine rather than greasy ; 
while its disposition in tbe rock 
renders its venous character evident. 
Thus it irequently happens that the 
reins are connected with one another 
as drawn in Jig. 1, where a 2i ia tbe 
principal vein, e d c leaders from it, 
Mg. 1, with a high dip in one dircclion ; 

and / ^ h, other leaders with a 
similar dip in the opposite direction. In some places it is re- 
markable that white quartz veins abound where tbe homstone 
class occur, but contain no gold ; and it is said that when they 
cross the homstone veins they render them barren at the point 
of contAct. At othei places gold is found in both kinds of 
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to indicate that part of their contents were derived &om the sur- 
rounding rocks. Thus it frequently happens that the flncan of 
the vein resembles talcose slate even when it ia itself situated in 
micaceous slate or ^eiss. In South Carolina, and in many 
other States, the gneiss and mica slate are frequently overlaid by 
talcose slate. Again, some of the veins in the micaceous shkte 
have a sap-green mica interspersed through them, which is pre- 
cisely like tnat in the surrounding date, Lieber notices one vein 
in South Corolino, belonging to this group, which was associated 
with a mineral resembling tetradymite. In North Carolina this 
association has been several times found, as, for example, near 
Dohlonega; at Pascoe mine, Cherokee Co.; and near Van 
Work in Polk Co. On Sleei>y Creek, in the Edgefield 
district of South Carolina, the silicious slates are more than 
nsnally cut up by planes of stratification, jointing, cleavage, and 
fracture ; ana sometimes the space between two principal veins 
is crowded with numerous irregular ramificationa of auriferous 
quartz. In these districts it is very common for the veins to be 



vein. The Brewer Mine in South Carolina is an instructive 
example of this class of veins, and a section of it is represented 
in fig. 2, The lenticular veins f g occur in talcose slate e c, and 
are intersected by numerous seams of white quartz i i. 
The lenticular veins have the same strike and dip aa tbe slates, 
the former being N. 70°~7a'' E. and the latter about 63" to N. 
18° W. The veins ax formed of a string of kidney-shaped 
masses which are generally in a more or less decomposed Btat«. 
They consist of a kernel of blue homstone sometimes many tons 
in weight, which, when disintegrated, yields a fine impalpable 
sand like that formed of diatomaceous remains at Bilin. Iron 
pyritea, copper, a mineral- like tetradymite, and gold are dis- 
seminated throughout the mass, which is treveiseuby the sama 
joints as pass through the slatra. The fissures thus formed are 
usually more auriferous than other parts; some of them appear 
to have been filled up from above, for the gold is invariably 
more abundant in the vertical than in the horizontal seams, 
while it is not uncommon to find soft disintegrated mosses rich 
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in gold beneatVportdons of the vein which shows no signs of dis- 
integration. The quartz veins in this mine do not contain gold. 
To the north-east of these veins there occurs a granitic dyke a, 
and a coarse trachytic rock 6, while towards the south-west the 
talcose slate conies in contact with the mica slate. At first sight 
these masses do not have any resemblance to veins, but that they 
are such is rendered probable hj the occurrence of slicken-sides 
on the walls of some of these vems. Dom's mine in South Caro- 
lina is another interesting example belonging to this group. It 
has, however, some peciuiarities which it shares with several 
other mines in its neighbourhood. Although placed in the 
homstone lenticular group, it should be stated that no homstone 
proper occurs in them, its ])lace being taken by a peculiar form 
of silica. " At all of the mmes the slate is more or less soft, or 
rather friable. It is largely composed of very finely divided 
quartz, which presents a good deal of the appearance of silica, 
cnemically prepared through the medium of the gelatinous 
slate. It will be remembered that this peculiar feature of the 
occurrence of silica in such slates was already noticed in refer- 
ence to Brewer mine. This very high per-centage of silica in 
these slates, often increasing to such an extent as almost entirely 
to exclude all other ingredients, is a very remarkable feature. 
Nor can it surprise us that under these circumstances it should 
often become absolutely impossible to separate the auriferous 
veinstone from the barren slate. Indeed, we may say that in 
every instance the veinstone changes with the slate. If the 
veinstone is a homstone, as at the Huey mine, that homstony 
character idso prevails to a greater or less extent in the slate. 
If the gangue is composed of an open watery quartz, as often 
occurs at uie Dom mine, the slate also partakes of the same 
feature. If the gangue is a friable or even pulvenilent granite 
silicious slate, we find that similar charactenstics are possessed 
by the slate." (Lieber). Another peculiarity in Dom's mine 
is the association of large quantities of psilomelane, or oxide of 
manganese with the usual hydrated peroxide of iron. On 
examining a fresh piece of slate black lines may be seen on it, 
along which it readily fractures. The surfaces obtained by 
fracture have a bright, glistening appearance, and, on examina- 
tion with a lens, show that the black lines are minute cracks, 
the sides of which have been joined by columns or stalactites of 
the manganese ore ; while, at some distance from the auriferous 
slates, is a bed of manganesian ore composed chiefly of psilome- 
lane, but also containing pyrolusite, which has a width of from 
60 to 100 feet, and whose olack outcrop may be traced for miles. 
The gossan in the Dom mine is more than usually deep, and 
the <£stribution of the gold in it has been carefuUy studied. 
The gold occurs in the largest particles wherever an open space 
exists, and it is richer where tne vein begins to widen than in 
the narrow part immediately above. The gold in the undecom- 
posed part of ttie veins is invariably less pure than that from 
the decomposed part According to Lieber, " the upper gold is 
very yellow, and the lower very white, the inferiority in value 
being a result of additional silver. So regularly is this the case, 
that if we find two parts of the vein adjoining one another, the 
one oxidized, the other unchanged, we may even then discern 
the usual difference in the gold." This quotation is not very 
clearly expressed, but we gather from it that the gold in the 
decomposed parts of the vein is yellow, while that from the 
lower undecomposed part is white, owing to its being alloyed 
with silver, whereby its value by weight is diminished. 

There are but few mines belonging to the hornbUndic type (d) 
in South Carolina ; and all these occur in itacolumite. The quartz 
has a greyish tint, and is exceedingly hard ; hornblende is 
scattered through it in radiated acicular crystals associated with 
iron pyrites and mica. 

The auriferous slate beds are almost entirely restricted to the 
talcose and clay slates, and are seldom met with. The Black- 
man and Hendrix mines in South Carolina are examples. In 
the former the slate is composed mostly of a talc with a colour 
ranging from silvery whiteness to a rich fawn and a bright green. 
** The presence of mmute silicious accumulations about ^ths of an 
inch in diameter has locally given it a wavy appearance. These 
diminutive quartzose nodules occur in the seams which were 
found to abound most in gold," although it may happen that 
parts presenting the same appearance will present no visible 
traces of gold. The metal predominates in the green bands 
more than in those of a greyish colour. 

The above examples of gold deposits are taken from a limited 
district; but they nave most of the features presented by such 
deposits in other parts of the world. Thus, other mines might 
be noticed yielding precisely the same class of facts from every 



part of the Appalachian chain. Throughout this region the gold 
appears to be confined to a particular band of rocks, having a 
length of 1300 miles, and a width of from 10 to 16 miles. They 
are generally considered to be of lower Silurian age. In the 
northerly portion the general strike is a little east S north ; in 
the middle it is about 32° E. of north ; while towards the south it 
is reflected still more towards the east The rocks are chiefly 
talcose, mica, and clay slates, with occasional bands of steatite, 
serpentine, and itacolumite ; they are firequently associated with 
granitic and syenitic rocks. The prevalent ores accompanying 
the gold are those of copper and iron, such as copper pyrites, 
covelline, erubescite, iron pyrites, magnetite, hasmatite, chromite. 
Rock crystal and psilomelane are also frequent Thus in Mary- 
land the gold is chiefly obtained from quartz veins in talcose 
slates. In Virginia it is obtained from a similar position. The 
Whitehall mine in Spotsylvania is worked in a deep blue day 
slate ; the principal veinstone is a hsad white quartz, fre- 
quently marked with ferruginous stains. The gold is sparingly, 
tnough for the most uniformly disseminated through the veins, 
being exceptionally abundant in the iron-stained parts. Where 
the quartz is drusy the gold shows a tendency to crystallize* 
Native tellurium, as well as tetradymite, is here found with the 
gold. At Buckingham mines in Virginia the auriferous veins 
occur in talcose slates; the quartz is friable and granular, and 
much mixed with earthy brown iron ore ; while copper pyrites, 
black copper ore, copper glance, phosphate of lead, occur in 
small quantities. When the quartz is most cellular, grains of 
gold are found in it, which show minute crystalline facets. 

In Nova Scotia the same belt of rocks is found, accompanied 
by auriferous deposits. At the Tangier mines they occur in 
quartz veins traversing clay slate. The metal is disseminated 
tnrough white quartz, associated with iron pyrites and mis- 
picket, copper pyrites, magnetite, hsematite, and galena, the first 
mentionea bemg especiaUy abundant. As but little oxida- 
tion appears to nave taken place, the quartz is compact, not 
cellular, and stained with hydrated peroxide of iron ore. At 
Lunenburg, also, gold occurs in quartz veins, boimded by clay 
slate, presenting the same features as at Tangier; but the 
mispickel is somewhat more abundant than at that place. 

In Canada these rocks form the Notre Dame range, from 
which most of the gold-bearing alluvium of that country has 
been derived. At St Francis rapids on the Chaudi^re, grains of 
gold are associated with galena, blende, and pyrites in a quartz 
vein, cutting slates supplosed to be of lower Silurian age. In 
Leeds gold is found with cofiper glance and specular iron ore in a 
vein of bitter sp«r, and also in a white garnet rock at St. Francis. 

On the opposite side of the American continent similar veins 
are thickly scattered along the western flanks of the Rocky 
Mountains, as well as throughout the Sierra Nevada range, 
forming part of the recently aiscovered gold fields of Cariboo, 
Vancouver's Island, and the Sierra Nevada. Thus, auriferous 
quartz veins cut through the talcose slates of St Barbara County, 
California ; while othera traverse the slates, granite, and green- 
stone rocks of various parts of the Sierra Nevada gold-field. In 
Nevada County plates and angular masses of gold are imbedded 
in snow-white quartz, intimately associated with marcasite. At 
Gold Hill Mine, Grass Valley, laroe plates and crystalling frag- 
ments of the metal are implantea amongst the ends of quartz 
crystals. At Ophii HiU in the same valley t^e marcasite is 
highly auriferous. At Marble Springs, Tuolumne County, the 
opaque white quartz contains gold, associated with iron pyrites, 
galena, and zinc blende. At Mameluke Hill, Placer County, an 
auriferous quartz vein traveraes talcose slates. The quartz is 
very cellular and friable, and is highly chai^ged with irregular 
filaments, and ragged masses of gold. In Amador Co. auri- 
ferous pyrites abounds in quartz, traversing greenish-blue 
argillaceous schists, which are oelieved to belong to the oolitic 
period. Some of the mines aro 900 feet deep, whero the 
^old is as abundant as near the surface. One is 1200 feet 
aeep, viz., that belonging to Mr. Hayward at Sutter Creek; 
the vein closely follows the edge of the granite, and de- 
scends almost perpendicularly the whole distance. It is wider 
and richer at the lowest part than in the upper parts. The 
veins have a north and south strike, and a high easterly dip. 
Near the surface the dip is as much as 70^, but it gradualhr 
diminishes in the lower part until it becomes nearly horizontaL 
At Austin auriferons schists, apparently of the same kind and 
age as those just noticed, surround a granite which is cut by 
innumerable quartz veins having a thickness of from 8 inches to 
8 feet and charged with sulphantimonite of silver, accom- 
panied by a little native silver. In the more exposed parts the 
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Yeins also contain chloride and iodide of silver. On the Mari- 
posa estate in the county of the same name, there are upwards of 
150 quartz veins, most of them in slates. Some of them are of 
extraordinary size. One has an average thickness of 12 feet, 
expanding in places to 40 feet. Another has an average thick- 
ness of 20 feet While others are worked along a line about 70 
miles in length ; but it is not known whether all the workings 
are on one and the same vein, although the strike and position 
of the various isolated exposiires render it not unlikely. The 
auriferous slates of California are of various ages ; some are 
carboniferous, others are oolitic, and yet others are cretaceous. 

Although there is considerable similarity in the mode of 
occurrence of the gold in the two regions, there are some striking 
differences. In tne west, as in the east, the quartz veins are 
most prevalent in talcose and mica slates ; the gold is associated 
with sulphides of iron and other metals, and is generallv most 
concentrated amidst the most ferruginous parts, or amidst the 
most drusy and cellular c^uartz. But the western districts are 
remarkable for the large size and Jiighly crystalline character of 
the gold in the veins themselves, for the more frequent occur- 
rence of the veins in granite, and for the predominance of marca- 
Bite over iron pyrites. Marcasite is chemically the same as iron 
pyrites, but it nas a different crystalline form. 

If we pass to the auriferous veins of Central Europe, such as 
those of Austria, we find a similarity to those of America in some 
points, accompanied by differences which stamp them with a 
distinctive aspect, and mdicate that the conditions under which 
they were formed were similar, but not identical. Thus at 
Schiittenhofen, Beigreichenstein, Eule, Kattengrund, Tok, and 
numerous other localities in Bohemia, the auriferous quartz 
veins traverse gneiss. At Rathhausberg, SiegHtz, and Ober- 
Yellach, is a quartz vein in the same kind of rock which con- 
tains gold, associated with grey sulphide of silver, copper 
pyrites, galena, mispickel, iron pyrites, and blende. At Bosmg 
m Hungary, auriferous quartz traverses a coarse grained granite. 
At Kremnitz and Telkybanya auriferous quartz veins occur in 
trachyric rocks ; and at Zalathna, Offenbanya, Nagyag, and other 
places in the neighbouring district, simiJar veins have been 
found in porphyry. Were we to go into details it could be 
shown that in the Austrian domimons the gold is invariably 
associated with quartz, or silica in some form, and sulphides, 
especially those of copjper and iron, as in the United States, 
Columbia, and Califorma ; and that although micaceous, talcose, 
and day slates are abundantly developed, yet the great majority 
of the veins are contained in gneiss, granite, trachyte, diorite, 
and porphyry, in which respect Austria differs remarkably from 
the various gold countries of North America. This indicates the 
great caution required in assuming that what is true of one large 
area, is true for all the rest of the world. Thus Whitnev in ius 
' Metallic Wealth of the United States' remarks that the gold 
bearing rocks are apparently much the same all over the world. 
They are generally slaty, talcose, chloritic, and aigillaceous 
rocks. Dana in his ' Manual of Mineralogy ' states that gold is 
mostly confined to those sub-crystalline slaty or schistose rocks 
that aoound in quartz veins, more especially talcose and chloritic 
slates ; that is to those which are imperfectly crystallized rather 
than the mica schist and gneiss, wnich are well crystallized. 
These statements apply to North America, but there are parts of 
the world to whicn they do not apply. Thus if we were to 
arrange the rocks of the Atlantic boraer of the United States in 
the order of their importance as gold bearers^ the following list 
would probably be nearly correct : — 

Talcose slate. 
Mica slate. 
Diorite. 

Porphyritio aphanite. 
Itaoolumite. 
Gneiss? 
Clay slate. 
Qranite? 

Whereas for Austria a precisely opposite order would more 
nearly represent their importance in that countiy. In addi- 
tion to the ordinaiy veins, Austria possesses another peculiar 
croup. The Carpathian Sandstone of Vorospatak, Transylvaoia, 
IS impregnated with gold, and is traversed m all directions by 
innumerable crevices, sometimes as wide as 2 feet. The gangue 
of these crevices is a somewhat brecciaform quartz, richly per- 
meated with gold, sUver, and auriferous iron pyrites. The 
quantity of cold is generally increased at the intersection of two 
crevices. This aunferous quartz fonns the minor elevations on 



the north and south slopes of the Vorospatak valley, viz., Mount 
Orla. Vajdoda, Kimiczel, and the Affinien Mountains. Up- 
wurds of 200 distinct mines have been opened in it, but the 
yield is not very large. This sandstone is a lower cretaceous 
formation. Austria also has an example of what Lieber calls 
the auriferous beds of the slate. Thus at Zell in the Tyrol, 
gold is disseminated in certain beds of an argillaceous mica schist, 
which are diBtinguished from the other beds by containing a 
larger proportion of pyritiferous quartz. At Heinzenbeiig the 
auriferous bed varies from a few inches to several yaros in 
thickness. The gold, which is rarely visible to the eye, is 
concentrated in particular layers dipping to the south-west, at an 
angle of 45°, and separated by sterue zones. Similar layers ore 
found at Rohrberg. 

In western Europe there are a group of deposits, which are 
more properly regarded as stanniferous than auriferous ; but we 
cannot refrain from making some allusion to them here. Under 
Copper, E. C. S., reference is made to the way in which the 
gold and tin ore are accumulated in the gossan by the action of 
anogenic forces on the various sulphides, and are thereby 
rendered amongst the most conspicuous metallic products of the 
districts where they occur. It is known that gold was exceed- 
ingly abimdant amongst the ancient Gauls, and that tin and 
copper were also known to them. The association of these metals 
as oein^ the earliest known is possibly a result of their frequent 
association in the cessans of western Europe. The brightness 
and malleability of gold would probably tend to its bein^ first 
utilised, and would attract attention to the copper abd cassiterite 
accompanying it Such suppositions at any rate appear plausible 
in the light of the discoveries made in France during the past 
few years. In the department of Correze there are numerous 
veins of cassiterite, wnich M. Mallard concludes were formed 
before the carboniferous period. At many places in this depart- 
ment, as at Vaulrv, Montebras, St. Leonard, &c, there are traces 
of numerous shallow excavations, which were manifesdy made 
for the purpose of obtaining both gold and tin ore. There is no 
record of these mines having been worked, tradition is entirely 
silent on the subject, and the inhabitants were totally ignorant 
what were the objects of the excavations until within the 
last few vears. Such at any rate is the testimony of M. Mal- 
lard. There is, however, one slight indication i^o^idng that the 
old gold deposit was not quite foigotten, viz., the name Auri^res, 

S'ven to these excavations ; but it is said the inhabitants did not 
low why they were so called. From various considerations it 
is believed that these superficial diggings were made by the 
ancient Gauls, whose operations fiirther south amidst the sands 
of the Rhone and Ariege will subsequently be noticed. Passing 
into the department of Morbihan, similar excavations to those of 
Vaulry have been found at Villeder, near Ploermel, where the 
industry of the gold-washers and tin-miners is indicated in 
immense hills of debris and scorise, and in the fragmenU of 
pottery which evidently formed part of the conduits which 
conveved the water to the gold-washincs. These also were 
probably made by Gauls, who have left at least one fine polished 
stone celt in the alluvium at Villeder. In ComwaU, as is well 
known, tin-mining or washing commenced in very early times ; 
and it is very probable that the ancient Britons did not neglect the 
gold which they would meet with. Many of the Cornish families 
possess gold rings and seals of old date made from the metal 
obtained from Cornish tin-stream works. The tinners of the 
present day carr^ the gold collected by them to Truro to be 
made into wedding-rings and presents just as the tinners of 
many previous generations have done ; and they put the grains 
of gold into qimls, as Carew reports the tinners of his time did, 
in the following passage fix)m his * Survey of Cornwall :* — 
'* Tynners doe also often find little hoppes of gold amongst their 
owre, which they keep in quils, and sell to the goldsmitfis, often 
with little better gaine then Glaucus' exchange.^' 

Before quitting the British soil, we would allude to the cold 
discoveries made in Wales during the last decade At a place 
called Gogofau, a few miles west of Llandovery, veins of white 
quartz intersect slates belonging to the lower Silurian system. 
Lofty galleries have been excavated in these rocks ; traces of 
aqueducts, grindstones, and trouchs occur in the neighbourhood ; 
and gold £is been found on the adjacent Roman station of 
Cynm Cayo. Here we have evident signs that centuries ago 
the Romans had worked these quartz veins for gold. In Noith. 
Wales similar veins penetrate the Lingula flags near where they 
merge into the imderlying Cambrian grits, at several places near 
Dolgelly, but chiefly at Cwm-eisen-isaf and Dol-y-frwynog. 
The slates are traversed by dykes and bounded by large masses 
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of eruptive tocka ; and they are frequently altered into a talcose 
and cbloritic acliist The quartz veuu contain a great deal of 
iron pyiitefl, and aie geuenlly composed of white saccharoidal 
quarta, thioogh which nuiiut«, thoush visilile, grains and flakes 
of gold, galena, copper pyrites, and batrtine are dissemiiLated. 
The lodeB appear to be rich ia gold in tna Lingula flag country 
only, for whenever they have been followed down into the 
Cambrian grits, they immediately become sterile or greatly 
impoveHshed. Mr, Forbes conmders that there u a close con- 
nection between the intrusive rooks termed gre&Etones by the 
officers of the Geological Survey and theauriferoua deposits. In 
the seven fears ending Mav, I86T, upwards of 12,000 ounces had 
been obtained from one lode only, viz., that named St. David's, 
and the yield is still promising. 

On turning our attention to the quartz veins of Victoria, we 
shall find many featniea in common with those of tbo other 
countries which we have noticed, accompanied by others which 
have not been i«conled to exist elsewhere. The veins are most 
common in the older palieozoic ecbists, which are generally not 
liighly metamorphosea ; but there are also many examples of 
aimferoua veins in the granite. Some of these, as, for example, 
that at Nu^ty Reef, near Maldon, are cut olT at the junction 
of the granite with the slates. The lower palieozoic rocks of 
this colony consist chiefly of schistose and slaty rocka, in which 
numerous gold-bearing veins are met with; while the upper 
pabeozoic strata are predominantly sandy, and in them such 
veins are absent, or, at any rate, rare. There ate a few instances 
of gold in sandstone, diorite. and limestone. The gold of the 
leef is fonnd to be coarse and more loosely embedded near the 
Eurface than at lower depths, where the metal becomes so inti' 
mately mixed with the quartz and pyrites as not to be detected 
by the unaided eye. Near the surface also it is frequently found 
in clayey and ferruninous masses, filling cracks and hollows. The 
quartz gold is mostly in hackly grains, and in plates with ntgged 
edges, having an elongated shape and aaemicrystalline structure; 
occasionally they are arborescent and reticulated. Here, as in 
Carolina, psilamelane is associated with the gold. It occurs 
abundantly in monunillory cnuts and concretions in all the 
auriferous quartz reefs, and occupies the place usually taken 
by hydrated peroxide of iron in many oE the cold-con- 
taining conjjlomeiates. The most remarkable peculiarity of 
this gold district is the occurrence of the metal in several 
parallel and horizontal bands of qoartz arranged one above 
another, and extending across dykes of what has been called a 
ayenitic diorite ; the rock of wluch it is composed is a mixture 
of hornblende and felspar, with a little quartz and mica. 
They have been met witn in several places, as, for instance, on 
the Werribie river ; in the valleys of the Thomson and 
Latrobe, Gippsland ; at Morning Star Hill, &c In every 
case the aurileroua bands appear to be confined to the more 
decomposed portions of the dykes, which decomposition is, 
however, very local and irregular. The following sections 
( 1^. 3} of Shakespere Reef, on Oafiney's Creek, represent one 
of these dykes ; 1 being diorite, 2 auriferous quartz, 3 slate, 
and 4 alluvium. 
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Auriferous quartz -bearing slaty rocks have also been found in 
New South Wales, Tasmania, and New Zealand, but no detailed 
description need b« given of them, since they present the usual 
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« supposed to 

We will therefore proceed to notice the modes of occunence 
of gold in drifts and tedimentaty stratA. These are to be found 
in or near all the districts where quartz veins are developed, as 
well as in all the rivers which flow from or through them. It 
would be manifestly impracticable to give even a list of the 
localitiea; indeed it would not suit the object aimed at here, 
which is to indicate bow, rather than where, gold occurs, and to 
satisfy those who seek for knowledge latner than those who 
seek for the precious metal As with the veins, so with the 
drifts, we shall confine ourselves to comparing those of North 
America, Europe, and Australia, since they nave received a 
more careful examination than those of other continental areas. 

In South Carolina, and in several other States, gravels and 
clays are found near all the quartz veins, from which thev have 
been derived. In some cases they form small patches oif a few 
acres not many hundred yards distant from their place of origin, 
in which the oagments are more or less regular, and apparently 
formed by the washing-down action of heavy rain. OtberB are 
of larger superficial extent, have been transported from greater 
distances, and consist mostly of rounded fragments, indicating 
that the rivers may liave assiflted in their distjibution. In most 
cases the gold is found in the hyaline and opaque quartz 
pebbles, OS well as in the white pipeclay ; and it is an interest- 
ing fact that the particles of metal in the clays are perceptibly 
larger than the particles in the veins to which the gold may bo 
traced. The reddish clay of North Carolina is said to be ricn in 
metal. It forms the principal soil of the Slate, and is formed 
from the decomposition of diorite. Farther north, or in Canada, 
the superficial auriferous clay deposits are developed on a larger 
scale. According to Dr. Sterry Hunt, they cover all tlie 
country comprised between the St Francis and Etchemin rivers, 
on the south side of the SL I^wrence, and from the first range of 
hills to the south-eastern boundary of the province. TTiey not 
only occur in the river beds, but under such circumstances as to 
show they were laid down before the present river valley was 
msriced out. The gold is in grains, which are sometimes angu- 
lar, but more frequently rounded; aud are aasociated with 
magnetite, chronute, hematite, ilroenite, garnet, zircon, rutile, 
and corundum. On the Magog river gold occurs in gravel 166 
feet above the present level of the St. Francis. Along the 
banks of the Famine and Metcalfe rivers is a stratum of clay 
overioid by sand and gravel The spaces between the pebbles 
forming the uppermost six inches of the gravel are filled with 
oxides of iron and niauganese. Gold occurs both in the gravel 
and in the clay. Lai^e areas of country in Vancouver's Kland, 
British Columbia, ana California, are also covered with nimilnr 
clays and gravels; and as it is probable that throughout this 
district all the gravels were formed under somewhat similar 
conditions, it will suffice if we notice one gold field, viz., 
that of California. The quartz vein bearing granites and meta- 
niorphic slates already alluded to, form thoborders and bottoms 
of valleys which are more or less filled with detritus, lava 
streams, and stratified layers of volcunic ashes. The gold occurs 
almost everywhere, from the Tejon Pass to beyond the northern 
limits of the State, but is perhaps most abundant in the counties 
of Mariposa, Tuolumne, Calaveras, Amador, El Dorado, Placer, 
Nevada, Sierra, Plumas, Yubas, and Butte. In the more north- 
em of these counties the auriferous gravel occupies the hollows 
and old river valleys of the country during the pliocene period, 
when the system of drainage was entirely different from that 
which now exists. Above this, sands and clays, with occasional 
bands of lignite, have been deposited, followed by thick beds of 



volcanic ashes, while, capping all, is a thickness of upwards of 
100 feet of compact lava. Since the flow of the lava the country 
has been subject to much denudation, so that now the rivers 
flow through deep ravines or caverns, the hi]la bounding which 
are surmounted by the hard weather-resisting lava. The conse- 
quence is, that the old gravels ore situated near the summit of 
the present hills. A section of the Table Mountain (jfg. 4) ia a 
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good illustration of tliis condition of tliin^^. The valley in 
which the gravel was deposited and down which the lava flowed, 
is conjectiirally indicated by the dotted lines; c c shows the 
position of the auriferous gravels, which are described as being 
like the coarse gravel formed in ordinary river beds; the hori- 
zontal black line is a tunnel driven for tue purpose of getting at 
the gravel; s is sandstone; and I is the sheet of lava. The 
present conformation is shown by the continuous outer lines. 
The process commonly adopted for washing these gravels is 
exceedingly interesting from an industrial point of view. Im- 
mense sums of money are spent in constructing canals of 
unusual magnitude. More than one large river is entirely used 
up by the gold-washers, who direct strong currents of water 
against the strata underlying the lava, and thus wear awav the 
hills in order to get at the gold. The auriferous drifts of 
Ecuador occur in similar situations. 

The gold-waahings of Austria are numerous. The older ones 
occur along the river Wattowa and its affluents ; and others are 
situated at Eule, in Bohemia; at Linz, near Salzbourg; along 
the Ticino river in Lombardy, where the gold is associated with 
magnetite, garnet, hyacinth, &c. ; in the valley of the Csermek ; 
along the Theiss nver, from its source to Tirza Ujlak; and 
along the Maros, especially near Olahpian. This last district is 
about two miles long and one wide. It is formed of mica schist 
supporting sandstones and conglomerates. Upon these rest the 
sands, gravels, and clays forming the auriferous district proper. 
It is remarkable that the sands on the crests and peaks of the 
ranges of hills are alone auriferous, while those in the valley 
bottoms show no signs of gold. 

In France gold has been discovered in the department of Gard 
in a conglomerate which forms part of the coal measures. The 
conglomerate is composed of pebbles of quartz and mica schist 
embedded in an argillaceous schistose matrix or cement. The 
metal occurs in the matrix only, and is associated with zircon 
and the garnet. The sands and alluvial deposits of the Gagnere 
and Ceze rivers derive their gold from tnis source. Bound 
about St. Ambrose are numerous evidences of the old workings 
made by the Gauls, in the material re-deposited on the flanks of 
the hills and the surfaces of the plateaux. These deposits were 
worked during the middle ages, and with the sands of the 
Bhine, Bhone, Ari^ge, and other rivers, formed the California of 
the period, which has been almost deserted since the discovery 
of America by Columbus. A few gold-washers may, we believe, 
still be found plying thefr trade alone the Ariege, a name which, 
originating in the aurigeray or 'gold-bearer' of the Bomans, the 
river contmues to deserve. 

The auriferous alluvium of Victoria gives employment to more 
than 60,000 individuals, who obtain upwards oi a million oimces 
of gold annually. The denosits containing the gold are of 
various ages, but all are said to be of more recent formation 
than the miocene epoch. Here, as in California, the surface of 
the land before the deposition of these deposits was not the same 
as it is now. The old valleys and hollows have been filled up 
by gravels, sands, and layers of volcanic matter ; denudation has 
remodelled the surface thus produced, but the alteration has 
been far less here than in California. The auriferous drift 
occupying the old rivers, channels, and valleys, which are called 
leads and gutters by the miners, is sometimes hundreds of feet 
below the ordinary level of the present surface, while sometimes 
it is found in the interior of hills and at a height of 60, 70, or 
more feet above the level of the present watercourses. The 
cold in the latter is sometimes obtained by washing away the 
less compact strata by means of the hydraulic process, or by 
driving tunnels into the hilL The auriferous earth consists of 
quartz, gravel, sand, and clay, in which the gold occurs in grains, 
scales, and nuggets. The loUowing quotation from a paper by 
Messrs. Selwyn and XJlrich, in the official record of the Inter- 
colonial Exhibition of Australasia (1867), expresses the opinions 
of the Victorian geologists on the auriferous drifts. " No beds 
whatever containing marine fauna are known in Victoria over- 
lying alluvial or drift gold deposits. That Uiere are rich gold 
drifts, the result of at least three distinct periods of deposition, 
is c^uite certain, and it is now almost ec^uaUy certain that the 
earliest is not older than the pliocene, while the newest is pro- 
bably chiefly due to causes still in operation. In accordance 
with this view, and for the sake of convenience, these three 
auriferous deposits have been provisionally classed as older 
pliocene, newer pliocene, and post pliocene (including recent), 
or lower, middle, and upper drifts, coloured respectively on the 
geological maps [of the Victorian Survev], yellow, red, and green ; 
the same classification and colouring nave been used to denote 



deposits, whether marine or fr^h water, supposed to belong to 
the same age, though not auriferous or derived from auriferous 
rock. The three stages of drift sometimes occur in the same 
locality, without the intervention of any volcanic rocks, in which 
case tnree auriferous ' bottoms * or gola-beiuring strata are found 
in one shaft. In some instances, as in the Ballarat valley, the 
oldest auriferous formation is made up of successive layers of 
volcanic and sedimentary material that gradually fill up the 
old valley and overlap each other, forming gold drift deposits 
or * washes ' at various elevations, which are certainly not the 
result of purely fluviatile action. In following the * leads,' 
they are invariably found to deepen in the general direction 
of the present surface watershed. Thus at B^arat and other 
gold fields on the south side of the dividing range they deepen 
m the opposite or northerly direction. This lact has given 
rise to tne supposition, manifestly absurd, that the BaUarat 
and other deep 'gold leads' will have a continuous fall till 
they eventually reach the present sea coast, in the same manner 
as existing surface drainage channels." It is conjectured that 
these old channels terminate along a line where the old slates 
are now between 600 and 700 feet above the present sea level. 
In some parts of the colony there are some older gravels which 
Mr. Selwyn concludes from stratigraphical evidence are older 
than the middle miocene beds; and he further states "that 
they do not probably contain gold in paying quantities, because, 
as I believe, they are derived from the abrasion of qusjtz veins, 
that themselves contained little or no gold, and that they were 
probably formed by forces in operation as long prior to those which 
produced the gola-bearing veins as the denudations producing 
the barren miocene gravels were prior to those which gave rise to 
the pliocene productive ones." Both conclusions may be accepted 
so far as they concern the particular drifts referred to, but 
further evidence seems to be required before admitting the 
correctness of the conclusion that all the miocene gravels of 
Australia are non-auriferous, or that all the productive quartz 
veins in the older rocks have been formed smce the miocene 
epoch, and all the non-productive ones before that period. Gold 
has been found, although in minute quantities only, in the 
cement of a carboniferous conglomerate at Wingelo, St. Leonards, 
and other places ; in quartz pebbles in some of the secondary 
rocks of Queensland ; m a coal seam in Tasmania ; and in the 
alluvial deposits of the river Waimangaroha in New Zealand, 
whose bed is restricted to carboniferous rocks throughout its 
whole course. 

There are many other cases of gold disseminated in paleeozoic 
strata. Thus it is found in the carboniferous conglomerate 
of Nova Scotia; and we believe also in a Silurian gneiss of 
Venezuela. Gold occurs under remarkable circumstances in 
South Carolina. Amongst the lowest rocks there developed, 
are some partially vitrified granular quartzites, overlain by sand- 
stones and quartzites. They are crowded with lenticular bodies 
which Emmons regards as corals, and has hence given them the 
generic title of PakeotrochiLS, They are associated with nume- 
rous siliceous concretions. The debris of the fossiliferous sand- 
stone, which is supposed to belong to the Potsdam series, has been 
worked for gold, which is concentrated in ferruginous patches, 
which appear to have originally been auriferous pyrites. This 
fact is so mteresting and important, that it would be desirable 
to have more detailed information respecting it. The first 
question that requires answering is whether the ferruginous 
matter is contemporaneous with the sandstone or of subsequent 
introduction ; next, is there any probability that the auriferous 
ore has been formed in situ at a comparatively recent period, or 
has it been introduced from without. If it appears probable 
that the ferruginous ore is as old as the formation in which it 
occurs, we have here an important fact in favour of the antiquity 
of gold, and of its occurrence in Silurian or pre-Siluiian sedi- 
mentary rocks. 

In connection with this part of the subject we may refer to 
the opinions of Mr. D. Forbes on the appearance of gold in the 
earth s crust. " My researches," says he, " have led me to con- 
clude that, universally, gold has been introduced into the crust 
of the earth at two very distinct geological epochs, and that in 
both these cases it has been carried up in direct consequence of, 
and in conjunction with, the outbursts of distinct and character- 
istic plutonic rocks. These two epochs of auriferous impregna- 
tion I designate respectively as (1) the older or auriferous granite 
outburst; (2) the younger" or auriferous diorite outburst (1). 
The older or auriferous granite intrusion, appears to have occurred 
at some time between the lower Silurian and carboniferous 
period ; certainly not older than the upper Silurian or younger 
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than the carboniferous ; probably not younger than the deposi- 
tion of the first members of the latter formation. Gold forma- 
tions belondng to this period present themselves in Australia,^ 
Sthe asterisk indicates that deposits belon^g to the newer 
brmation are also found in the country against whose name it 
is placed], Bohemia, Bolivia,* Brazil, Buenos Ayres,* Chile,* 
Cornwall, Ecuador, Hungary, Mexico,* New Granada, Norway, 
Peru,* Sweden, Ural,* and Wicklow. To this period and cause 
I also attribute most of such deposits of gold as are found 
intruded as quartz nodules and veins in many places, as if 
interstratified in the Cambrian and Silurian (and probably also 
Laurentian and Devonian) systems, which, I bebeve, to hare 
arisen and been rendered auriferous solely from the proximity 
to invisible or non-superficial granites. (2). The newer or 
Dioritic outburst I have called Post Oolitic, as the veins containing 
gold, and which proceed horn its centres, cut through strata 
containing fossils of decided post-oolitic forms, and possibly 
may be as late as early cretaceous. These strata are frequently 
much altered and metamorphosed by the contact of the igneous 
diorite, and at such points often become auriferous, or are cut 
by auriferous veins proceeding from the diorite head mass." 
Mr. Forbes believes auriferous rocks of this age to exist in Italy 
and India, in addition to the countries already mentioned. 

Sir Rodericjc I. Murchison,* in an admirable essay on gold 
forming part of his * Siluria,' also advocates the igneous ongin 
of the metal. His main conclusions are — (1) that, looking to 
the world at large, the auriferous veinstones in the lower 
Silurian rocks contain the greatest quantity of gold ; (2) that 
where certain igneous eruptions penetrated uie secondary 
deposits, the latter have been rendered auriferous for a certain 
distance only beyond the junction of the two rocks ; (3) that 
the general axiom before insisted on remains, that all secondary 
and tertiary deposits (except the auriferous detritus in the 
latter), not so specially affected, never contain gold ; (4) that as 
no unaltered purely aqueous sediments ever contain gold, the 
argument in favour of the igneous origin of that metal is pro- 
digiously strengthened; or, in other words, that granites and 
diorites have been the chief gold producers, and that the auri- 
ferous quartz bands in the palaeozoic rocks are also the result of 
heat and chemical agency. 

Our own opinion as to the mode of formation of auriferous 
veins may be deemed of little value as compared with those of 
the eminent authorities just cited, but as it dififers from theirs, 
we will state it. The predominant facts connected with gold 
are, that it is intimately associated with silica, iron pyrites or 
other sulphides, and rocks of the nature of clay in a more or 
less altered condition. The veins themselves appear to be con- 
nected in some way with volcanic or plutomc rocks. Our 
impression is that the surface water percolates downwards, 
reaching depths at which they become hot springs ; that in 
this state they ascend, dissolving the iron pyrites, silica, and 
gold they meet with in the argillaceous rocks to re-deposit 
them in the fissures np which they are carried. And that 
these warm springs are most abundant during the time when 
volcanoes are in an active state and in their neighbourhood. 

Gold crystals are rare. The majority of them are found in 
the drifts ; a circumstance which it has been suggested is not 
surprising if we consider that the gold from the drift was at 
one time distributed through far more rock than has ever been 
crushed. Some of the finest crystals and crystalline masses are 
those found in California. One found at Forest Hill in Placer 
County was an imperfect octahedron, in which the facets were 
made up of planes lying like plates one within the other. 
It was elongated and distorted so as to have the appearance 
of a rectangular octahedron. The length of the larger base 
was 1 inch, and of the shorter J of an inch. In the same 
county masses have been found so shaped, veined and reticu- 
lated, as to present considerable resemolance to the fronds of 
golden ferns. Thus one specimen is described as having the 
form of a leaf; one side of which is beautifully arborescent, 
while the other is studded with 25 perfect octahedrons geome- 
trically arranged, and having all their similar sides parsdlel to 
one another. It weighed 17 dwts. 10 grains ; and measured 
2^ inches by 1^ inches. A remarkably large specimen, 12 inches 
by 4 inches, was partly composed oi a smooth plate about 4 
inches in length, with its surface covered with triangular 
markings, and partly of an arborescent portion. All these were 
foimd in the drift In Australia also small crystals are found 
in all the gold fields, generally near the surface of the drift, and 
more especially in the vicimty or in the upper portion of the 
quartz veins. They are found in those parts of the veins where 



there has been most alteration and oxidation, while the gold 
found in the compact part of the veins is, as we have already 
noticed, almost invariably in scales, or particles, with a rough 
and ruggjed exterior. Dr. Genth has particularly noticed that 
the gold in the decomposed diorite of North Carolina is smooth 
and rounded as though water-worn, but its position precludes 
the supposition that water or attrition can have produced the 
effect. Moreover, the crystals in cavities in the massive gold 
also present the same appearance. Hence he suggests that the 
roundness has been produced by a solvent ; an idea which 
receives much support from various sources. Thus, at the 
Whitehall Mine in Virginia, gold is ciystallised on tetradymite 
in forms belonging to the rhombohedral system, such as belong 
to tetradymite itself; a fact which shows that the gold has 
taken the form of tetradymite. At Springfield in Maryland 
the cleavage planes of the magnetite are coated with films of 
gold. Dr. Genth also refers to a specimen which consisted of 
gi'e^ish white crystalline quartz containing minute traces of 
crj' stallised quartz, and aikinite. Most of the aikinite had been 
converted into cuprous carbonate of bismuth in slender needles. 
In many cases tne centre of these was occupied by bright 
yellow gold having the rhombic form of the original aikinite. 
All these changes point to the existence of natural solutions. 
On cutting gold crystals in half they are generally found to 
have a nucleus of quartz, iron pyrites, or of brown iron ore, 
which last is formed from iron pyrites by the action of oxygen. 
It has often been noticed that where trees grow upon auriferous 
quartz veins the roots are frequently coate<l with gold. These 
lacts also suggest the existence of gold solutions, for it is knovm 
that tetradymite, ferrous salts, organic matters (such as chips of 
wood or bark), many metals, such as copper, iron, and many 
metallic sulphides, such as arsenical pyrites, galena, zinc blende, 
molybdenite, will precipitate gold from its solutions. 

The aggregation of small particles into larger particles and 
into nuggets receives a ready explanation on the supposition that 
there are natural gold solutions. We have already cited several 
instances of the gold particles being larger at the top of the 
decomposed part of the vein than at the bottom, and in one case 
we referred to the fact that the larger particles were purer than 
the smaller, even in the same vein. Many gold-wasners know 
that an old tailing may be washed repeatedly without appearing 
to diminish in richness, provided sufficient time be allowed to 
elapse between each washing. Something similar occurs in the 
gold-bearing sands which form the beach along 80 miles of the 
Califomian shore. When this sand has been washed until 
scarcely any more gold can be got out of it, the claim is ren- 
dered as rich as ever by the action of a storm. In the same way, 
as the larger particles differ from the smaller ones in the Dorn 
mine, so we find nuggets differing from quartz gold. Not only 
are they larger, but tiiey are considerably purer — a remark 
which applies to all drift gold. 

(Whitney, Metallic IVecuth of the United States; Logan, Geology 
of GanadOy 1863 ; Nickles, Comptea Rendus, tome 63 ; Faraday, 
Philosophical Transactions^ 1867 ; lieber. Reports on the Survey 
of 8. Carolina; Whitney, Geology of GcUifomia, voL i. ; Blake, 
American Journal of Sctence, Second Series, vol. xx.; Haidinger, 
Coup d^CEil sur Us Mines de la Monarchie Autrichienne ; Simonin, 
Comptes Rendus, tome 62 ; Mallard, Comptes Rendus, tome 62 ; 
Genth, Ameii^can Journal of Science, Second Series, vols, xxviii. 
and xxxiiL; De la Fosse, Ifouveau Gours de Mineralogie; Clarke 
and Selwyn in the GeologiccU Magazine, vols, ii and iii. ; D. 
Forbes, Geological Magazine, vol. iii. ; Clarke, Selwyn, Ulrich, 
and Bleasdale, Intercolonial Exhibition Essays, 1866, 1867 ; 
Marsh, American Journal of Science, Second Series, vol. xxxiL ; 
Murchison, Siluria, fourth edition.) 

GOSSYPIUM [E. C. vol ii. cols. 1077—1080, and Cottox, 
E. C. voL ii. cols. 172 — 174]. The appearance of cotton fibre as 
described under the last-mentioned article is correct, so far as it 
concerns the dried fibre when worked up into goods ; but the 
remarks there made do not fairly represent the structure of the 
growing fibre. In the earliest sta^ the cotton hairs appear on 
the surface of the seed-pod as mmnte semi-transparent protu- 
berances very similar to those on the stem and leaves of the ice 
Elant. A few motionless granules make their appearance in the 
airs, and as these lengthen the granules and the mucus-like 
fluid in which they float acquire a distinct rotatory movement 
like that observable in th^ cells of Nitella and numerous other 
genera of plants. In a later stage the granules are smaller^ more 
numerous, and the mucus in which they float has acquired a 
pale buff colour. As the plant continues to grow the contents 
of the hairs increase in density, the rotation of the granules 
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slackens, and, as is believed, ceases in about a fortnicbt after the 
hair has commenced to grow. In the mature and healthy pod 
the hairs have their walls thickened by a secondary deposit, and 
their interior partially filled with a granular substance. The 
secondary deposits on the cell "wall render the hair luminous 
under polarized light. There are no signs of any spiral fibres in 
the growing fibre, and unless bruised or crushed, tne transverse 
section presents a circular outline. Many microscopic observers 
have maintained that the fibre is fiat, moniliform, and that it 
contains a spiral vessel or thread. The estimate of the number 
of turns of tne spiral per inch has varied considerably, from 1500 
to 50,000. These appearances are probably due partly to the 
fibre being dried, partly to the treatment which it has received 
in the cotton manufacturer's hands, and partly to the application 
of solvents for the purpose of developing the structure of the 
fibre. At any rate, this seems to be the conclusion to which one 
is led by Mr. Dancer's experiments on cotton. After referring 
to the twisting of cotton imder the influence of an ammoniacid 
solution of copper, he states that " the explanation which I have 
to offer for the phenomenon is this : first, we have the external 
membrane of uie cotton ; then the cellulose and primordial 
utricle ; and, finally the dried contents in the cell, which I take 
to be the remains of the organizing fluid. Observation shows 
that the external envelope is not elastic, and only partially 
soluble. The cellulose is exceedingly elastic and soluole, and 
expands to a remarkable degree in the act of dissolution. The 
contents of the cell behave in a similar manner to that of the 
external membrane ; it is neither elastic nor very soluble. The 
most successful experiment is made by allowing the copper 
solvent to come into contact with some length of the cotton hair. 
The solvent permeates some parts of the external membrane 
more easily Uian others, and causes a rapid expansion of the 
cellulose, which bursts the external membrane; and as this action 
is taking place at various portions of the same hair, a tangential 
force is excited which twists and contorts the cotton in the 
direction of its length, and thus a spiral appearance is given to 
the whole stnicture of the cell. The non-elastic external cover- 
ing is twisted round the expanded cellulose, sometimes as a 
single band, at others like a bundle of fibres. In those parts 
where the external covering has given way all roimd the nair, 
the cellulose expands into a bulb, pushing back the external mem- 
brane into a series of folds which form a ligature, and resists the 
expansive force of the cellulose. A numoer of these ligatures 
cause the expanded cellulose to assume the appearance of a 
string of beads. The lateral expansion of the cellulose contracts 
the length of the hair, and this causes the contents in the cavity 
of the cell to assimie a corrugated appearance ; this corrugation 
has also been subjected to the twistmg power along witn the 
other parts of the cell, and thus its spiral appearance is pro- 
duced." These observations are important, as indicating a dif- 
ference in the physical and perhaps chemical nature of the 
cellulose and the membranes on either side of it, and they 
suggest that the spiral appearances in other fibres, such as those 
of flax and hemp, may be induced by similar causes. 

The weakness and flatness of cotton is by no means so exces- 
sive as might be supposed from the description under Cotton, 
E. C. S., which appears to be based on the worst samples. The 
best samples have a large proportion of cylindrical and slightly 
flattened fibres, which cievelope bright colours in polarized 
light ; the inferior cottons are twisted, tube-like, and pale when 
viewed under the polariscope. The strongest fibres will sustain 
an enormous weignt relatively to their own ; thus in one case 
Mr. O'Neill, of Manchester, found that a fibre of Orleans cotton, 
which weighed less than the ten thousandth part of a grain, 
supported 162 grains without breaking. 

GRANITE. The origin and mode of formation of this rock 
is still a matter of keen discussion. According to some it has 
been ejected in a fluid state from the interior of the earth ; ac- 
cording to others it is a rock in situ rendered semi-fluid and 
plastic by hydrothermal agencies ; while yet others believe it to 
nave been first derived by degradation from pre-existing rocks, 
then stratified, and suWquently altered and consolidated, 
mainly by prolonged action of water and pressure, combined 
with a very moderate degree of heat. 

Granite is a mixture of felspar, quartz, and mica, having a 
crystalline-^nular structure in which felspar is by far the most 
predominatmg ingredient ; in addition to these it may contain 
smsdl quantities of other minerals, which may in some cases 
become sufiiciently abundant to mark varieties. Granite and 
gneiss are identical in composition, but are markedly different 
;n their texture and apjiearance when typical specimens are 



compared. The former is massive, its particles are never ar- 
ranged in regular layers, and its structure is exceedingly compact 
and crystalline. When, however, a large series of specimens is 
examined, or when the rocks are studied in the field, there is no 
definite line of demarcation between ^nite and gneiss, since the 
one merges into the other by almost imperceptible gradations. 

The felspathic ingredient of granite is cniefly orthoclase ^a 
potash felspar), generally accompanied by a small proportion of 
oligoclase (a soda felspar). The colour of the orthoclase is 
generally a yellowish wbite, a reddish white, or a flesh red, and 
less frequently it presents light tints of green, blue and grey. 
As it forms tne greater bulk of the rock the colour of the granite 
generally indicates the colour of the felspar. Its lustre is pearly 
white, that of oligoclase is resinous and frequently duU ; its 
exposed surfaces are less marked with parallel stnse than are 
those of oligoclase. The (juartz occura rarely in well defined 
crystals, but generally in irregular granules, which may be at 
once distinguished by their greyish colour, their vitreous lustre, 
their semi-translucency, and their hardness. In some rare cases 
its colour is yellowish or blue, as in the granite of Rumberg, in 
Bohemia; or red, as in the granite of Jagerthal, in the Vos^es 
mountains. The mica is the least important of the three prin- 
cipal ingredients; it is generally the potash mica, which is 
sometimes accompanied by the iron-magnesia inica, and more 
rarely by the Hthia mica. Their crystals are generally hexagonal 
plates, scattered irregularly through the rock, or collecteainto 
nests ; they are seldom very large. The iron-magnesia mica is 
generally of a brown-black, or somewhat greenish tint, and is 
also found in many other rocks, such as ti'achyte, dolerite, and 
lava ; but the mica of granites is distin^ishable from the mica 
of other rocks by certain minor peculiarities. Thus it occurs in 
thick plates as well as in thin flakes ; its colour is very deep, 
and its lustre is strongly developed. The potash mica, or nius- 
covite, is generally white, and pearly-lustred ; it is probably 
never found in lava and other rocks which are known to have 
been solidified from a fused state. 

In most granites the constituent grains are pretty nearly of 
the same size, but in some cases one or other of them will form 
exceptionally laive crystals, giving rise to the porphyritic struc- 
ture. Thus the lelspar sometimes appears in iaige well-shaped 
twin crystals several inches in length, which in nearly every 
instance belongs to orthoclase. These crystals are sometimes 
found broken across, and the parts slightly separated. There is 
more or less variation in the proportions of the principal ingre- 
dients even in the same mass oi granite ; while some varieties 
are so poor in mica that they seem at first sight to be aggrega- 
tions of felspar and quartz only. 

The accessory ingredients of granite are numerous. In some 
cases one or two of them become so abundant as to form a dis- 
tinct variety of granite, and when this is accompanied by a 
diminution in one or more of the principal in^dients of the 
granite, transitions are presented to other kmds of rocks. 
Amongst the more important accessory iugredients may be 
mentioned chlorite, talc, hornblende, micaceous iron, ^phite, 
tourmaline, garnet, topaz, beryl, pinite, fluorspar, apatite, mag- 
netite, cassiterite, iron pyrites, molybdenite, corundum, zircon, 
Sistacite, titanite, gadounite, orthite, pyrorthite, allanite, cor- 
ierite, andalusite, arsenical pyrites, gold, and probably water 
together with organic matter. The presence of chlorite and talc 
forms a transition into protogene ; that of tourmaline or schorl 
into schorl rock ; that of hornblende into syenite ; that of 
graphite gives rise to graphite granite ; and the micaceous iron 
gives rise to ferruginous granite. By the gradual diminution of 
quartz it passes into mica trap ; while the disappearance of the 
ielspar leads to greissen, and that of the mica to aplite or granulite. 
These variations and transitions are, as may be supposed, exceed- 
ingly numerous, and it has been convenient to give those which 
are most marked distinct names. They form the family of granites, 
and will be described in the article Granitic Rocks, E. C. S. 

In the present state of our knowledge chemical analyses will 
not enable us to judge even approximately what is the litho- 
logical composition of rocks, more especially of such as contain 
nearly the same elements as granite. As, however, they indicate 
what the rocks are made of, and have a bearing on the hypo- 
theses respecting their origin and past history, a few details on 
this branch of our subject may be useful. 

Arranged in the order of their abundance the minerals in 
granite are felspar, quartz, mica, &c. Of the two felspars, ortho- 
clase is always the most predominant ; while of the two micaA, 
the potash mica is generally the most abundant. The composi- 
tion of these minerals is shown in the following table ; the 
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upper series of analyses represents the theoretical composition of 
the pure minerals, while the lower represents the results obtained 
from actual specimens. As the micas are exceedingly yariable 
in their composition, we have selected theoretically pure ones 
which come nearest the composition of the micas generally met 
with in granite. 
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Ireland. It is composed of quartz, red orthoclase, and green 
mica. No. 2 is a coarse-grained porphyritic granite from Glen- 
veagh, in the above-mentioned county, composed of pink ortho- 
claset, grey quartz, and jet-black mica. No. 3 is a coarse-grained 
reddish granite from Bamesmore Gap, Donegal, and is composed 
of grey quartz, red felspar, and green mica. No. 4 is a granit« 
from Strigau, in the Kiesengebii-ge, composed of orthoclase, 
quartz, oligoclase, and magnesian naco. No. 5 is a fptmite from 
Meerange, in the Centr^ Carpathians, composed ol orthoclase, 
oligoclase, quartz, magnesian mica, and x>otash mica. And 
No. 6 shows the range of the various chemical compounds in 
granite according to Roth. Typical granites, however, it should 
be remembered, never exhibit so wide a range. 

In the next table is indicated the composition of granites sup- 
posed to contain certain civen proportions of the primitive 
ingredients, in order that the effect produced by increasing or 
decreasing each of them may be seen. The constituents are sup- 
posed, for convenience sake, to have the composition represented 
in the lower part of the first table. 

(1.) 
Silica . . . 74-69 

Alumina . . . 12-61 

Potash ... 7-2 

Soda . ... 1^11 

Lime . . • '68 

Magnesia ... '38 

Oxide of iron . . 2*69 

Oxide of manganese •IS 

Water and loss • '4 

In No. 1 the proportion is 40 per cent, of orthoclase, 5 of 
oligoclase, 40 of quartz, 10 of potash mica, and 5 of the ferro- 
magnesian mica. In No. 2 there is supposed to be 63 pHDr cent 
of orthoclase, 6 of oligoclase, 27 of quartz, 3 of potash mica, and 
2 of ferro-magnesian mica. In No. 3 there is 50 per cent, of 
orthoclase, 5 of oHgocluse, 30 of quartz, 10 of potash mica, and 
5 of ferro-majjnesian mica. In No. 4 there is 55 per cent, of ortho- 
clase, 5 of ohgoclase, 25 of quartz, 10 of potash mica, and 5 of 
ferro-magnesian mica. The reader must not attach too much 
importance to these figures, as they are intended simply as rou^h 
indications of what may have been the composition of certain 
granites. In order to fully appreciate the results produced by 
variations in proportions, a for more extensive ringmg of changes 
would be required not only on the principal ingredients, but also 
on some of the accessory substances. 

GRANITIC ROCKS. The granitic group of rocks embraces 
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the laii^e proportion of those which are most highly crystalline, and 
most highly silicated. They have a eeneral resemblance in the 
elements which compose them, but differ from one another by 
their greater or less degree of crystallization, the relative sizes 
and i)roportions of their constituents, the mode in which these 
constituents are arranged, and other points. As these diifferences 
are only differences of degree, not always well marked, it seems 
better to notice the group under one heading, rather than to 
scatter the separate rocks under different headings. 

GneUs, — An aggre^tion of felspar, quartz, and mica, having a 
foliated, and sometimes a cleaved structure. The felspar is 
generally orthoclase, which may sometimes be accompamed by 
oligoclase, and more rarely bv albite. The orthoclase is always 
the prevailing felspar ; its colour is white, light gray, yellowish, 
or TCddish ; its cleavage faces are smooth, and pearly lustred. 
The oligoclase has a auller lustre, and its cleavage faces are 
marked Dy parallel 8tria9. The quartz is whitidi or greyish ; it 
sometimes occurs in lenticular lumps, but is generally so minted 
with the felOTMir as to form a regularly granular mass. The 
mica is grey, brown, or black in colour. It is either the potash 
or magnesia mica, the former being the most general, while 
occasionally both occur in the same rock. The accessory in- 
gredients are very numerous ; but the more important are 
chlorite, talc, hornblende, micaceous iron, graphite, tourmaline, 
garnet, magnetite, iron pyrites, zircon, pistacite, andalusite, 
kyanite, rutile, and titanite. The varieties of Micaceous gneias, or 
gneiss proper, as distinguished from hornblende gneiss or proto- 
gine gneiss, are mainly characterised by the degree to which 
foliation is developed, which for the most port depends upon the 
quantity of mica, oeing more distinct in proportion as the mica 
is more abundant. Sometimes the flakes are isolated, sometimes 
they are collected into little groups, and sometimes they form a 
continuous lamina. GraniUar fibroiis gneiss, — The mica forms 
isolated and well-developed crystals, which in places are arranged 
in parallel layers, alternating with the febpar and quartz. 
GranuLar strecucy or granitic gneiss, — The mica occurs in small 
flakes, but in such small quantities that the foliated structure is 
scarcely perceptible. When the flakes are very small, the rock 
has an a.spect almost like granite. It occurs at Sageritz, near 
Grossenham ; Boxdorf, near Moritzburg ; Brambach, in the Voigt- 
land ; and Hofles, near Eiger. Streaky Gneiss, — In this variety 
the mica occurs both abimdantly and of considerable size; it 
is arranged in layers, which are undulated and swollen in 
places, so that when a section is viewed the mica appears to be 
grouped in lines of wedge-shaped clumps. As the mica is not 
arranged quite symmetrically, these clumps are very unequal as 
regards the proportion between their lengtn and breadth, so that 
some appear as long narrow streaks, and others as short broad ones. 
Combined with this are various differences in the mass of the 
rock, which may be fine, medium, or coarse grained, and some- 
times the felspar may occur in large well developed crystals, 
giving rise to a porphyritic texture. When the above arrange- 
ment of mica is most marked, the rock acquires a woody, banded, 
ribboned, or even asbestos-like appearance, and is then known as 
coarsely fibrous gneiss, or hdlzgneiss. It occurs near Weissenbom, 
and a few other places in Saxony. SkUy gneiss, — The mica 
occurs in continuous layers, which alternate with the fine-grained 
matrix of the rock. Avhen cleaved, the mica only can be seen on 
the surfaces so obtained. Comubianite is a fine-grained gneiss, 
which is generally associated with granites. The Felspar, quartz, 
and mica are so exceedingly mingled and interwoven^ that the 
foliated structure is only mdicated by bands varying in colour, 
and the degree of fineness of grain. They are generally tinted 
Mdth dingy sliades of green, yefiow, and red. banded with brown 
or dark green stripes. At the parts furthest away from the 
granite they have a more or less oistinct cleavage. It occurs in 
the Saxon Erzgebirge, in various jmia of the Alps, and in 
Cornwall The foregoing varieties are based upon differences of 
structure; but those we are about to mention are based oo 
differences of composition, and form the connecting links between 
gneiss and other rocks. When the mica is more than usuaUy 
abundant, the rock acquires a fine foliated structure, and approxi- 
mates in character to mica schist. This variety may be seen at 
Gastein, in the Alps, and near Rabenau in Saxony. When the 
mica is more than usually scanty, as near Freiberg, Marienberg, 
and elsewhere, it is callea granulite gneiss, and approaches granu- 
lite in character, which rock may be regarded as a gneiss, with 
very little mica. There is a gneiss very rich in quartz, but there 
do not appear to be varieties characterised by a small proportion 
of quartz. Schists are, for the most part, varieties of gneiss 
containing little or no felspar. The next group of varieties is 
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based npon the greater or less replacement of the ingredients of 
typical gneiss. Frotogine gneiss, — It is widely distributed through 
the Alps, and consists of white or reddish lustrous orthoclase, 
mingled with a little dull greenish-white oligoclase, a light- 
coloured quartz, a dark green ferruginous mica, and a mineral 
resembling chlorite, which replaces a portion of the mica. The 
mica occurs in small flakes, very spanngly distributed through 
the rocks ; while the felspar and quartz are blended together 
into a finely gjranular aggregate. The foliation is indistinct, but 
the cleavage is generally well developed. Dichroite gneiss has 
the mica more or less replaced by dichroite. In the micaceous 
iron gneiss of Fichtelgebirge, and the graphite gneiss near Passau, 
on the Danube, the substances from whicn they take their names 
are the substitution products for the mica. In Adularia gneiss the 
prevailing felspar is Adularia, and in oligoclase gneiss, the mineral 
mdicated by its name. This last enters largely into the compo- 
sition of Adam's Peak of Ceylon. There is still another group 
of varieties depending upon the more than usual abundance of 
one or more of the accessory ingredients of ordinary gneiss, 
principally garnet, tourmaline, pistacite, or iron pyrites. 

In homhlende gneiss the ingredients are felspar, quartz, and 
hornblende. Its structure is usually granular streaky, and its 
constituents are highly crystalline. Its accessories are the same 
as in ordinary gneiss, and it is generally arranged with this gneiss 
in alternating thick bedded layers. It is spanngly developed in 
Germanv, but is abundantly displayed in France, Scandinavia, 
Scotland, and North America. 

Hallefinta is a rock which should perhaps be ranked with 
gneiss. It is composed of a mixture of felspar and quartz, so 
intimately blendea together that a chemical analysis is required 
to detect them. There is also a considerable proportion of 
chlorite, which frequently imparts a green colour to the rock, 
while mica and hornblende are present in subordinate quantities 
only. Its foliation is indicated by bands of colour, which maj 
be either crey, green, yellow, brown, or black. Cleavage is 
seldom well marked, but the more compact varieties are usually 
more or less traversed, and split up into irregidar cuboidal 
lumps by joints. It is generally associated with the oldest gneiss 
formation, as between Upsala and Dannemora in Sweden, and 
the island of Utoe. This rock is intermediate between the more 
compact varieties of common gneiss and felspar porphyry. 

Tne result of a chemical analysis of the rocks of the gneiss 
group has led Scherer to propose their division into three 
sections. 1. Red gneiss or gneissite (as Cotta terms it) contains 
orthoclase as the only felspathic ingredient, which is generally 
reddish, and exceptionally white or grey; the mica is light- 
coloured, and forms only about 10 per cent, of the rock ; and 
the proportion of silica is between 74 and 76 per cent. 2. The 
grey gneiss, which contains a little oligochise and albite ac- 
companying the orthoclase, and whose colour is generalW white 
or grey, rarely reddish ; the mica is dark-coloured and K)rms 30 
per cent, of the rock ; and the percentage of silica varies between 
64 and 67 per cent. 3. The middle gneiss, of which the per- 
centage proportion of silica is 69 or 70. The grey gneiss is 
generally the richest in mineral veins, so far as the Erzgebirge 
district is concerned. These divisions may be useful, but they 
are open to the objection that they are too sharply defined, and 
that it is impracticable to assign many imquestionably gneiss 
rocks to any one of them. 

Oranulite or Leptynite, In its mineral composition it closely 
resembles a gneiss containing a small proportion of mica, but in 
the more marked varieties the two rocks are readily dis- 
tinguishable. The prevailing ingredients are always felspar 
ana quartz, and nearly all the varieties contain more or less 
mica and garnet. Generally speaking, however, the latter two 
minerals are in inverse ratio to each, that is, the mica is 
comparatively abundant when garnet is scarce, while the garnet 
is most abundant in those varieties which contain the smallest 
proportion of mica. The felspar is chiefly orthoclase, which, 
however, is generally accompanied by oligoclase. The felspar 
forms a finely granular base, through which the quartz is ois- 
tributed in flattened grains, lenticular particles and thin lamina;. 
Sometimes the lamin© are distributed in planes so as to give 
the rock an apparently fissile structure. This, however, is of 
rare occurrence, and generally the quartz is far less conspi- 
cuous in granulite than in gneiss or granite. The felspar is 
usually white, but is sometimes tinged with various shades of 
crey, yellow, and red ; as it is by far the most abundant ingre- 
aient in the rock, the colour of tne granulite is for the most part 
nearly the same as that of the felspar. The quartz is generally 
opaque and white, rarely grey and semitranslucent, and never 



dark. The mica is the white variety, rarely the dark. As it 
is always arranged in parallel layers the dark mica appears in 
dark seams, thereby giving a bMided appearance to the rock. 
The garnets are red, and vary in size from poppy or millet seed 
to extreme minuteness. After the mica and gmiet, the most im- 
portant accessory ingredients are kyanite, which appears as blue 
grains in the more highly laminated granulitesj tourmaline, or 
schorl, which is especially abundant in the granulite of Klrum- 
man in Bohemia, where it is called Schyrlaceous Granulite; and 
hornblende, which is met with in the granulite of Czizek in 
Austria ; at Glocknitzer, Schlossberg, and one or two other 
places, giving rise to what is called spotted granulite. At one 
time it was supposed that the black granulite owed its colour to 
hornblende, but this is now generally attributed to protoxide of 
iron. Tliis rock blends into gneiss by means of its more highly 
micaceous and foliated varieties ; and into granite and halle- 
flinta by those which contain the smallest proportion of mica. 

Granite, The general description of this rock is given under 
Granite, E. C. S. In this place the varieties only will be 
noticed. Granite in its most restricted sense includes such 
specimens as have the constituent parts of about the same 
average size. Granitite embraces those which contain a large 
proportion of oligoclase associated with a red orthoclase, quartz, 
and a little blackish green magnesia mica. It is readily dis- 
tinguished from common granite by the larger display of oligo- 
clase, its contrast with me orthoclase, wnich last frequently 
occurs in large crystals, thereby giving the rock a porphyritie 
aspect, and oy the entire absence of white mica. This rock 
forms the great mass of the Riesengebirge ; of the Brocken in 
the Hartz ; and is also met with near Meblis and Ilmenau, at 
Baveuo, on the shores of the Lago Maggiore, in Normandy, 
Brittany, and other districts. It includes the rock near Lyons 
called miarolite by Foumet Pegmatite is a coarse-grained mass, 
chiefly consisting of orthoclase, quartz, and white mica, and 
usually occurring as irregular veins in the midst of other rocks 
of the granitic group. The quartz and orthoclase crystals are 
often several inches in length, and occasionally even a foot, 
while the mica also is sometimes developed in large plates. 
Tourmaline is usually present as an accessory ingredient, while 
green talc and iron pyrites are somewhat less frequent. Examples 
of it are to be founa at Penig, Kursdorf, and Muhlau in Saxony; 
at Lurioga, Chanteloupe, and elsewhere, in France ; at Finbo 
in Sweden, where the orthoclase, quartz, and mica attain 
unusually large dimensions, and the common beryl, topaz, 
garnet, gadolinite, orthite, are especially abimdant; at Ytterby; 
at Mursinsk in the Ural Mountains ; and at Connecticut, 
Massachusetts, U.S. In Porphyritie granite the orthoclase, and 
sometimes the quartz, forms large crystals, and at Carlsbad, 
Ochsenkopf, and elsewhere. The rappakivi of Finland is a kind 
of porphyritie granite. It is composed of a granular matrix of 
felspar, black mica, and grey quartz, through which is scattered 
large rounded lumps oi rea felspar, wnich are frequently 
enclosed in a coatmg of greenish grey oligoclase. Graphic 
granite is another porphyritie variety, which, like pegmatite, 
usually occurs in veins or dykes, seldom or never in large 
masses. The orthoclase forms large crystals in the granular 
matrix ; and is so arranged relatively to the quartz, that when 
the rock is fractured in certain directions, the cleavage faces of 
the quartz have some resemblance to Hebrew characters. 
Protogine is a crystallo-granular aggregation of red or white 
vitreous orthoclase, greenish-white, dull oligoclase, a grey or 
reddish quartz, a dark green, richly femiginous mica, and a 
clear green talc-like mineral. The orthoclase is always the 

J>rincipal ingredient, and frequently forms crystals a few inches 
ong ; the oUgoclase crystals are always less than half an inch 
in length, ana generally only just visible; the mica forms small 
but thick hexagonal plates ; and the talc-like mineral, which is 
least developed in the most granite-like specimens, is sometimes 
so distributed through the oligoclase as to give it a green tinge. 
It is extensively developed in the "Western Alps. Schorlacemts 
granite or Luxullianite is a granite containing tourmaline in 
place of some of the mica. In Graphitic granite, graphite, 
and in ferruginous granite, micaceous iron enters as a substitute for 
the same ingredient. In Adularia granite, the ordinaiy felspar 
is replaced by adularia. The Rumburg Granite is a variety 
containing a blue quartz. Granite passes over into various other 
rocks. Tnus by the richer development and parallel arrangement 
of the mica it merges into gneiss ; by the occurrence of horn- 
blende in small quantities it becomes a hornblende granite, and 
by the preponderance of hornblende to the exclusion of quartz 
and mica, it passes into syenite. By the replacement of quartz 
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by elceite, it passes into miascite ; by the disappearance of the 
felspar it merges into greisen; and by the disappearance of the 
mica it passes into felspar porphyry. 

Si^enite, — It is a crystallo-granular compound of orthoclase 
and hornblende usually containing small quantities of oHgoclase, 
quartz, and mica. The orthoclai^ is the principal ingredient, 
and is generally of a red colour. It is rarely developed as 
crystals, out when these do occur they are either tubular and in 
twins, or columnar, and with their axes parallel. This last 
arrangement induces a greater or less amount of fissility in the 
rock. Generally, however, syenite presents no traces of any 
definite mode of arrangement of its parts, and is more or less 
granite-like in appearance. The hornblende is dark greenish, or 
nearly black, which, with the red of the orthoclase, gives a dark 
or brownish red tint to the rock. The quartz and mica are 
generally most abundant in those specimens which occur in the 
neighbourhood of granite. The syenite near Upsala is remark- 
able for its bluish grey quartz, which appears as a constant and 
equally distributea ingredient Amongst its other accessor}*^ 
ingredients titanite, magnetite, iron pyrites, eloDolite, and zircon, 
are the most important. Titanite is the most frequent ; it occurs 
in small widely-scattered crystals ; sometimes they are only to 
be detected by means of a lens by their brown or yellow coloui*, 
their adamantine lustre, and peculiar form. Zircon occurs in 
but few syenites as an important accessory ingredient, and some 
of these contain such large quantities as to be called Zircon 
syenites. The syenites of Laurvig and Brevig are examples. 
Angular fragments and concretionary masses of other rocks are 
not unfi^quent in syenite. It is often associated with great 
fields of granite, and passes into granite by an intermediate 
variety called syenitic ^nite. There are also intermediate 
varieties which connect it with hornblende schist, diorite, and 
felspar porphyry. Cotta associates zircon syenite with miascite 
rather tiian with syenite proper. Kersanton and Kersantite are 
names for two closely alhed rocks. The former is composed of 
a granular matrix of oligoclase and mica of a greenish or grayish 
colour, in which the mica sometimes occurs in pinchbeck brown 
or black short hexagonal columns or plates. Carbonate of lime 
often occurs in veins or concretions, and occasionally quartz. It 
is abundant in the neighbourhood of Brest and Quimper. Most 
of the finest ecclesiastical buildings erected in the middle ages 
in Bretagne are chiefly formed of this stone. The Kersantite 
occurs at Visemback and St. Maine, in the Vosges mountains. 
Like the last, it is a granular mixture of oligoclase and mica, 
but it dififers by the presence of hornblende and the larger pro- 
portion of quartz as accessory ingredients. The oligoclase is 
white, the mica is brown, and the hornblende dark green. Iron 
pyrites, marcasite, and garnet also occur in small quantities. It 
18 sometimes fissile, and sometimes porohyritic in its structure. 

Miascite. — It is a granular mixture of white orthoclase, greyish 
or yellowish-white nepheline, and black mica. Its structure is 
generally granitic and coarse-grained ; but some of the varieties, 
such as that at Miask, are fissile. Zirkon, sodalite, cancrinite, 
monazite, davyne, pyrochlore, apatite, hornblende, and auartz, 
are amongst its accessory ingredients. It is more nearly allied to 
syenite, especially the zircon-syenite of Norway, than to granite. 

(Naumann, Lehrbuch der (Jtognosie^ vol. i. 1858 ; Laurence's 
translation of Cotta's Rocks Classified and Described, 1866.) 

GRAPHITE, or native carbon, has hitherto been found in the 
older rocks only. It forms beds and patches in the calcareous 
and siliceous rocks of the Laurentian senes of North America ; it 
also occurs in gneiss near Passau, at Stourbridge, Massachusetts, 
and elsewhere ; in quartz near Travancore, Ceylon, and Moreton 
Bay, in Australia ; and in the coal measures of North Green- 
land, New Brunswick, and probably of Ayrshire. Many other 
localities might be mentioned, but the more important are the 
Isle of Mull, Scotland, Grampound in Cornwall, the Alibert 
Mines of East Siberia, and Nijnei Tunkuski on the river Yenesei. 
The principal sources of the black lead for pencils, crucibles, &c., 
are Greenland. Siberia, and Griesbach, near Passau, from which 
last-mentioned place it is largely imported into this coimtry. 

Graphite, like the other forms of native carbon, is in all proba- 
bility produced from the gradual decomposition of moist organic 
matter. It is only under these circumstances that carbon 
appears to have any deoxidating power at the ordinary atmo- 
spneric temperature. At high temperature, such as a red heat, 
it will separate oxygen from almost all its combinations, ana 
hence its use in iron smelting, in which process part of the coal 
is expended in obtaining the temperature at which the other 
portion of the coal can deprive the iron ore of its oxygen, so as 
to reduce it to its metallic state. Hence^ when we find graphite 



in deposits of magnetic iron ore, in crystalline rocks containing 
silicates, in granular limestones accompanying minerals partly 
composed of silicates of iron, such as hornblende, augite, it may 
be inferred that such rocks have never been subjected to any 
high degree of heat, and that both the graphite and the meta- 
morphic changes in the rocks have resultea from chemical and 
physical actions at a moderate temperature. 

(Bischof, Chemical and Physical Geology; Watts, Dictionary of 
Cliemistry, art. Carbon.) 

GRAPTOLITES. Our knowledge respecting this interesting 
group of fossils has been considerably increased of late years, 
especially by the discoveries of the Canadian Geological Survey 
in the Lower Silurian rocks of Eastern Canada. They were 
first noticed by Bromel, in 1727, in some of the Swedish slates, 
and described by him as blades of grass. In 1767 Linnseus 
grouped the forms known to him under the generic name Grap- 
tolithus. In 1821 Wahlenberg suggested that they were slender 
Orthoceratites, and consequenuy cephalopodous in their nature. 
Some years after, Nilsson stated that they belonged to the 
Hydrozoa, These three views have had many supporters, but, 
so far as we are aware, no one now supposes they are plants, and 
but few believe that they are cephalopods. This latter view was 
for a long time advocated by M essrs. Quenstedt and Gkinitz, but 
has been recently abandoned by them. Consequently, the 
hydrozoan hypothesis is the only old one that finds any support 
now. In 1857 McCrady pointed out the analogy between the 
graptolites and the larvae of the Echinodermataf but few persons 
appear to have maintained that the relationship between the 
two is anything more than analogy. The graptolites present a 
great variety of form, and are distributed amongst several 
genera. The simplest form may be described as being V-sb&ped ; 
in some cases the two arms of the letter may be bent back so as 
to be almost horizontal, while in others they may present any 
degree of openness between this and almost complete verticality. 
The two arms are called stipes, and the point irom which they 
diverge, which is always more or less produced, is termed the 
radicle or initial point. Along the upper surface of the stipes 
are arranged a number of cellules, each of which is supposed to 
have been the residence of a soft-bodied animal, having a struc- 
ture resembling that of the common Hydra. [See Hydrozoa, 
E. C. S.] On this supposition each tenant of a cell is called a 
polypitCy a term described in the article just referred to. These 
cells are for the most part separated from one another, but their 
lower ends open into a canal, which it is thought was once filled 
with animal matter, and resembled the coenosare of the hydrozoa. 
In a second group there are four stipes, two of which diverge 
upwards, whfle the other two diverge downwards ; and in some 
instances the bases of these stipes are connected by a disk or 
cup. From this we pass to species with eight stipes, with the 
stipes bifurcated and oranched, and with the stipes arranged in 
a sort of network pattern. In nearly all these the form of the 
cellules is much the same ; they occur on one side of the stipe 
only, and they are in close contact for a greater or less distance 
above the base. Hence these species are described as being 
monoprionidian, to distinguish them from such as have cellules 
on both sides of the stipe, or are diprionidian. There is no abso- 
lute demarcation between the two divisions, as species are 
known which connect them. Thus in the simple two-stiped 
monoprionidians the cellules are on the upper surface of the 
stipe. There is a two-stiped species, 0. divaricatus, in which 
the cellules are on the under or lower side, and of a peculiar 
form. In G. ramosus the stipes are Y-sbaped, and the cellules 
are arranged along both sides of the lower stipe, and along the 
outer side only of the upper stipes. And in G. pristis there is a 
simple lower stipe, with cells on either side. In some more 
complex forms of this division there are four ranges of cellules 
arranged at about right angles to each other. In addition to 
these there are a number of forms which are associated with the 
graptolites, but their plan of structure is quite different, having 
some resemblance to a Sertularia in the case of the genus Ptilo- 
graptus, and to a long feather in the case of BtUhograptus, 
Another interesting form has been recently described by Mr. 
Nicholson, imder the generic name Corynoides. The fossils 
referred to this genus were foimd in the Lower Silurian anthra- 
citic shales, near Moffat, and are considered to be the polypariea 
of a Coryne-like zooid. Each polypary is supposed to be inde- 
pendent, and the polypite to be a free-swimmino; oiganism. 
The polypary is a long trumpet-shaped tube, with the free edge 
divided into several unequal teeth. In the same shales were 
found specimens which appeared to consist of two of these tube- 
like polyparies arranged on opposite sides of a central axis or stipe. 
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Graftolithus 
Linnaeus. 



Little is known as to the development and mode of reproduc- 
tion of these beings. Professor Hall and others have noticed 
what appear to be sacs attached to the stipes and projecting 
beyond the cellules. These, it is suggested, may be renroduc- 
tive sacs, such as are commonly foimd in the sertularians. 
Close to the sacs, numerous bodies have been discovered, 
believed to be germs just escaped. The smallest of these con- 
sist of little more than an initial point or radicle ; a diverging 
process of similar character on either side ; a longitudinal axis ; 
and a sac-like covering or test, which has scarcely assumed the 
form of cellules. It is connected by larger forms with the 
mature graptolite. The evidence known to us as yet is exceed- 
ingly scanty, and caution is required in drawing any conclu- 
sions; but, supposing it is established that the graptolites are 
Hydrozoa, the tact of the young being similar in foim to the 
adult is remarkable, since probably all tne modem forms undergo 
a marked metamorphosis prior to reaching the mature form. 

The following synopsis of genera is that proposed by Professor 
Hall: — 

L 

Species consisting of stipes, or fronds, with a bilateral arrange- 
ment of the parts ; a solid axis, with a common canal extending 
along each series of cellules. 

1. The successive buds developed in tubular 

cellules which are usually in contact 
for a greater or less proportion of their 
length, and inclined towards the axis, 
a. Cellules in single series along one 
side of a common solid axis. Stipes 
two or more, from a common 
origin with or without a central 
disK. Sub-genera, Monoprion, 
Didymograpiiu, Monograptus, Te- 
tragraptvs, etc. 
h. Cellules on one side of slender 
branches which are developed on 
one or two sides of a long slender 
axis or rachis, the free extremities 
of which are likewise celluliferous. 
Ex. G. gradlU ; G, divergens, 

c. Cellules developed in parallel ar- 
rangement on two sides of a com- 
mon solid axis. Stipes narrow, 
elongated. Sub-genus Diprion= 
Diplograptus. 

d. Cellules aeveloped in a cruciform 
arrangement on the four sides of 
a common or coalesccnt axis. 
Stipes elliptical or subelHpticaL 

2. Cell apertures excavated in the margin 
of the stipes Mdthout tubular or cup- 
form extension; the cell apertures 
upon one or both sides of the stipe. 
Ex. C, bicornis, etc. 

3. Solid axis eccentric or subexterior, with 
cellules developed in parallel ranges 
on opposite siaes of the stipe and in 
contact throughout their entire length, 
a. Known only as separate stipes with 

reticulate test. 
h. Occurring as simple stipes and as 
compound frond^ ; test smooth. 

IL 
Species having a common trunk or stem, or growing in sessile 
groups of stipes from a common origin, without distinct bilateral 
arrangement of parts. Cellules in single series on one side of the 
stipes or branches, and arranged along a common canal or axis. 

1. Branches free (i. «., not connected by 
transverse bars), cellules in contact or 
closely arranged. 

2. Branches unfrequently and irregularly 
connected by transverse processes. 

3. Stipes and branches more or less regu- 
larly united in a reticulate frond with- 
out elongate stem. 



Inocaulis . 
HalL 



■{ 



Phtllograptus . 
Hall. 



CLDiAGOGRAPTUS. 

HalL 



Retiolitks 

Barrande. 

RETIOaBAPTUS . 

HaU. 



DSNDBOGRAPTUS 

HalL 

Callooraptus 
Hall. 



DiCTTOMEHA 

HaU 



[A . . ) 



4. Stipes round or flattened, growing in 
groups and bifurcating above ; margins 
denticulate ; surfeu^e rough or scaly. 

III. 

Slender cylindrical branches with tubular cellules arranged 
in single (or in double ?) series. Cellules not in contact in any 
part of their length. • • . . Rastrites, Barrande. 

IV. 

Species having a common axis or rachis, with slender lateral 
alternating branchlets. Cellules imknown. 

Thamnograftub, HalL 
V. 

Species liaving a common axis, more or less frequently bifur- 
cating, with pinnulae closely and alternately arranged on the 
opposite sides ; cell apertures on one face of the pinnulsB. 

Ptilograptub, HalL 
VI. 

A simple flexuous rachis, with slender flexuous flattened pin« 
nulte, an-anged in alternating order at close and regular intervals 
on the two sides. Cell apertures unknown or circular. 

BUTHOGRAPTUS, HaU. 

VIL 
Strong stems, which are numerously branched. Branches and 
branchlets slender, arranged in cohorts. Cellules undetermined. 

Oldhamia(?), Forbes. 

The graptoUtes are an extinct family. Their range geographi- 
caUy is known to have extended throughout Noith America, 
Europe, and Australia, and geologicaUy to have been almost 
entirelv confined to the Silurian epoch. They would appear to 
have chiefly frequented the extensive mud-flats of the Silurian 
seas, not far from the land ; and hence they are usuaUy foimd in 
shales. Barrande's study of the distribution of the group led 
him to the conclusion tliat the graptolites attained their maxi- 
mum development at an earUer geological period in North 
America and Western Europe, than m the south-eastern parts of 
Europe. In America the lamily first appears in the Potsdam 
sandstone which forms the uppermost part of the Cambrian, 
series; but has its greatest development in the rocks of the 
Quebec group, forming part of the lower SUurian series. Few 
representatives of the mnuly have been found in the Trenton 
limestone, the rock which succeeds the Quebec group, but it is 

Xin lugely represented in the Hudson River series, which 
und in shales. The formations above this in North America 
chiefly consist of limestones, which contain a species here and 
there up to the top of the SUurian series. It is probable that 
when shales of corresponding age to the Trenton and the various 
middle Silurian Umestones are discovered, the geological deve- 
lopment of the famUy wiU be more fuUy indicated. 

The graptoUtes have not as ^et been found in England in the 
strata l^eved to correspond m age to the Potsdam sandstone, 
viz., the lingula flags, although, bSng shaly, they would seem to 
be likely locaUties for them if they existed. The first appear- 
ance of the famUy in England is in the lower SUurian rocks, 
and their Tn^Tinmim development in the UandeUo flags, and 
their Cumberland representatives^ the Skiddaw slates; which 
strata appear to be somewhat higher in the geological series 
than the Quebec group. They occur in less abund^mce in the 
Wenlock Shales, and in the Ludlow formation, but appear to 
have died out before the commencement of the Devonian series. 

In Bohemia and Saxony the family is comparatively rare in 
the lower SUurian, and attains its greatest development in the 
rocks named ''dtage E^ by Barrande, which appear to correspond 
with the lower Llandovery, forming part of the middle SUurian 
of England. In these countries, as in those already referred to, 
the GraptoUtes do not ascend into Devonian rocks. 

GROMID^ JTORAMINIPBRA, E. C. S.] 

GYMNOGASTER, a genus of dipterous insects, belonging to 
the same great family to which the common horse-fly belongs, 
viz., Muscidoe. It is founded bv Lioy on the Anthomyia dissecta 
of Meigen. His definition of the genus is that the epistoma is 
quadrate in form, and prominent ; the abdomen is not viUose 
nor bristly beneath, while in the male the penultimate segment 
bears two appendages on its lower side ; and the second trans- 
verse vein of the wings is perpendicular and straight. 
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HADROSAURUS. A genus of extinct Dinosaurian reptiles, 
whose remains have been found in the newer cretaceous 
strata of the United States. It appears to have been the Ame- 
rican representative of the rigantic Iguanodon of Europe, re- 
sembling it in its enormous dimensions, herbivorous habits, and 
anatomical structure. The only species as ^et established is the 
H. Foulkiif Leidy, numerous bones appertaining to which have 
been dug out of a dark-coloured, tougli, micaceous clay, abound- 
ing in marine fossils, near Haddonfield, New Jersey. 

Although in many points of its structure it approached nearer to 
the crocodiles than to any other group of living reptiles, yet on the 
whole it seems to have been built upon a more highly organised 
model, so as to adapt it for filling an analogous place in nature 
to the rhinoceros or hippopotamus, since, like those mammals, it 
would seem to have been a huge, bulky, river-frequenting, 
masticating herbivore. No reptiles of the present day have such 
functions ; but in the cretaceous period, when huge pachyder- 
matous mammalia were probablv unknown, such functions were 
performed chiefly by reptiles. More than this ; they even acted 
as carnivores in the place of Felida, The circumstance that 
Had/rosaurus and its contemporary allies performed what the 
Pachydermata and Felidas now do is an argument, in addition to 
the absence of any remains of these mammalia in the cretaceous 
strata, that they did not exist then. If, further, we consider that 
the pachyderms and felines are apparently better adapted for 
their special functions than the pre-existing reptiles, we have, it 
may be, one clue why reptiles should have been so huge and so 
predominant in the secondary era, and whv they should have 
lessened in importance when the mammals stepped in and 
occupied their places. 

There are several features in the skeleton of Hadrosaurus 
which indicate its high degree of organisation as compared with 
living reptiles generally, which features are, however, met with 
in other genera which flourished with it. The vertebrae present 
some. In fishes the centrum or body is usually cupped or con- 
cave at both ends, but in one genus, LepidosteuSf the anterior 
concavity is filled up by ossification, and converted into a con- 
vexity, thus forming a ball and socket joint In embryonic 
leptiles, and in nearly all the mature forms now existing, the 
development of the vertebra does not extend beyond the stage 
at which it is cupped at both ends ; but in several genera either 
the front or the Dock concavity is converted into a ball. The 
Batrachia in their ichthvomorphic condition, or as tadpoles, have 
biconcave centra, but wnen they acquire their mature condition 
as terrestrial quadrupeds the vertebne have the ball in front in 
some genera, as in Ptpa, and behind in others, as in most frogs 
and toads. In the Ichthyopterygia, an extinct order of exclusively 
marine habits, the verteorss were biconcave. In the Sauro- 
pten/gia, also an extinct order of aquatic reptiles, the vertebreo 
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were usually but slightly biconcave, and occasionally flat at one 
or either end. In the Ophidia the vertebrsB are proccelian — ^that 
is, they are united by ball and socket joints, in whidi the socket 
or concavity is at the fore end of the centrum ; the socket has 
its upper border somewhat more prominent than its lower, 
so that it has a slightly downward aspect Snakes progress 
mainly on land by the aid of their ribs and scales. The 
Lacertia, or lizard order, also have procoelian vertebrae, but 
the balls are not so prominent, nor so forwardly directed as in 
the snakes. In some exceptional groups, such as the Geckos, the 
vertebrae are biconcave. The lizards are partly aquatic, partly 
arboreal, and partly terrestrial, in their mode of progression. In 
the recent Crocodilia the axis vertebra is flat in front, and convex 
behind ; the two sacral vertebrae are flat at one end and concave 
at the other ; the first caudal is biconvex, and all the other 
vertebrae are concave in front and convex behind. Croco- 
diles are partly aquatic, and partly terrestrial in their habits. 
In most of tne secondary Oroeodilia the vertebrae had fiat 
or slightly concave faces, while a few had some of their 
vertebrse with the ball in front ajid the hollow behind. In 
Hadrosaurus the cervical were convex in front and concave 
behind, or opisthocoelian in structure. The anterior dorsals are 
also concavo-convex, but not to so great an extent as the cervi- 
cals, while a still slighter degree of convexity and concavity 
occur in the middle dorsals, and the hindmost dorsals possess a 
feeble opisthocoelian structure. AU the caudal vertebrae have 
biconcave centra. In so far, then, as Hadrosaurus departs from 
reptiles generally, it approaches the herbivorous imMnTviftliy^ 
amongst which it is usual to find a highly developed opistho- 
coelian ioint structure in the vertebrae of the neck^ which shades 
off in the anterior dorsals. As examples we would quote the 
rhinoceros, the tapir, the horse, and tne cameL This structure 
seems to oe related to a facility of bending the neck for the 
purpose of browsing. 

Another illustration is afforded by the union of the neural 
arch to the centrum — a union which is so perfect in Hadrosaurus 
that scarcely the trace of a suture can be detected. This con- 
dition is very rare amongst fishes, is generally met with only in 
those reptiles that are terrestrial, and is almost universal in 
mammaua. The sides of the centra have an articular surface, to 
which was attached the head of a bifurcated rib, the other surface 
being on the neural arch ; as we pass backward, the roughened 
concavity becomes a process, especially on some of the dorsals ; 
and the two surfaces are arranged nearly in the samp way as 
indicated under Crocodilia. £. C. S. coL 319. The caudal 
vertebrae indicate that the tail was laterally compressed — a form 
which enabled the Hadrosaurus to make its way through the water. 

The teetli have the same conformation and peculiarity of 
structure as in Uie Iguanodon, but were far more closely packed 
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together, thereby adding to their efl&ciency as masticators. They 
were implanted dv their fangs in sockets, and their enamel crowns 
were situated obliquely, those of the lower jaw being directed 
outwardly, and those of the upper inwardly. In wearing down, 
the carina of the crown and the lateral edges of enamel stand up 
as ridges, and these, with the depressed adjacent softer portions, 
rendered the tooth an excellent triturator. Leidy believes the 
teeth were grouped in a quincimcial manner; but we cannot 
make this point clear without cuts, and therefore we refer the 
reader to Leidy's under-cited work for fuller explanations. 

If the vertebrsB of Hadrosaurus reveal habits quite exceptional 
from those of recent reptilian life, their limbs present us with 
indications of others quite as unexpected to those who have con- 
fined their attention to living forms. The hind limbs were of 
extraordinary size and strength, and far exceeded the fore limbs. 
Thus a femur of an adult specimen was foimd to be 41| inches 
long, and the tibia 36| inches, the two together being 6 feet 
6 inches when placed end to end. The humerus was 22* inches, 
and the ulna 23j inches, the two togetl>e^ being barely 3 feet 
10 inches. This disT)roportion of the limb occurs in several 
other cretaceous reptiles, and from this fact, together with the 
nature of the bones, one is led to conjecture that the monstrous 
Hadrosaurus, Iguanodm, &c., leaped about on their hind legs, 
like the kangaroos of the present day. The disproportion of 
limb would not be incompatible with a quadrupedal mode of 
progression, as illustrated by frogs ; but the footprints left by 
Iguanodon demonstrate that the members of that genus habitually 
walked or jumped on their hind legs, and hence it may be sur- 
* mised that other Dinosaurians allied to them progressed in the 
same fashion. And this brings to mind the curious analogy 
that while kangaroos form part of a faima in which this superior 
development of the hind limb is a prevalent feature, so it would 
seem that in the time of Hadrosaurus the same peculiarity pre- 
vailed amongst its terrestrial allies, and may be was a modifica- 
tion of structure ^characteristic of the fauna of a particular 
region. What a strange world it must have been where great 
Hadrosauri 25 feet in length jumped about in herds, pursued by 
equally gigantic carnivorous reptiles, such as Lcelaps, clearing 
upwards of 30 feet at each bound. 

(Leidy, J., Cretaceous Beptiles of the United States ; Cope, E. D., 
Fossil Reptiles of New Jersey, American Naturalist, vol. i. p. 23.) 

HALCROSIA. [Crocodilia, E. C. S. cols. 322 ; 324.] 

HATTERIA. tin til recently this was the generic name 
applied to a lizard which forms one of the most characteristic 
species of the reptilian fauna of New Zealand. It is now usually 
called Sphenodon, imder which head further notes respecting it 
are given [Sphenodon, E. C. S.]. In an earlier article [Geo- 
graphical Distribution of Animals, E. C. S. col. 429] we un- 
fortunately said it was the nearest living representative of Teler- 
peton, whereas we intended to say Hyperodapedon, a genus which 
IS found in the same rocks and locality as the last mentioned. 
[Hyperodapedon, E. C. S.l 

HAYTORITE is a pseudomorph of chalcedony after datholite. 

HORNESITE, a name applied by Haidinger to a hydrated 
arsenate of magnesia found in the collection of minerals in the 
Museum at Vienna, and believed to have been obtained from 
some locality in the Bannat. Only one specimen is known. In 
it may be detected flat rhomboidal laminae with angles of 36° 
and 144°, which cleave readily paridlel to their broad faces, 
which have a pearly lustre. The crystals probably belong to 
the monoclinic system. The colour is snowy white, but thin 
flakes are transparent and flexible. The hardness is I, or some- 
what less, ana the epecific gravity 2*474. The a^^ysis by 
Hauer jrielded the following result : — 

Arsenic acid 46'33 

Magnesia 24*54 

Water 29 07 

Loss 06 

This answers to the formula, 3 Mg O, As, Og + 8 H^ 0. The 
mineral readily fuses before the blowpipe, and will even melt, in 
thin splinters, in the flame of a candle. It is insoluble in water, 
but soluble in acids. The specimen in the Vienna Museum ib 
embedded in a coarsely granular calcspar, and is associated with 
garnets. 

HORNBLENDE [E. C. vol. i. coL 70 ; Augite, E. C. voL i 
cols. 343, 344 ; HORNBLENDE, E. C. voL iiL col. 129]. Under the 
term Actinoliie are included the glassy and flbrous hornblendes. 
There are three varieties of actinolite, viz., the glassy, ike fibrous, 
and the granulan The glassy includes the bright green crystals 
having a vitreous lustre. When the crystals are closely packed 



together in wedges or radii they belong to the /&r(m« variety, and 
when aggregated in an irregular manner they are sometimes 
called asbestiform actinolite, Raphilite is an example of this last 
variety ; it is found near Lanark in Canada, and at Croey Head, 
in Donegal, Ireland. The theoretical chemical composition of 
actinolite is given in the article Augite, E. C, under Strahlstein. 
The following is an analysis by Rammelsberg : — 

Silica 66-77 

Magn^ia 21 '48 

Lime 13*56 

Protoxide of iron . • . . : . . 6*88 

Alumina 0'97 

Loss by ignition 2*20 

100-86 

In some varieties there are also protoxide of manganese and 
fluoric acid, the latter existing probably as a double fluoride of 
silicon and calcium. The gi'een is attributed to small quantities 
of iron and chromium. The specific gravity is usually about 
3*05. Actinolite has been found in several of the Cornish mines; 
near the Bowder Stone, Cumberland ; one or two places in 
AVales ; many parts of the North of Scotland ; while abroad it 
occurs in the Znierthal (Tyrol), Norway, Sweden, Greenland, 
Finland, Piedmont, and Pennsylvania. 

HYDRA [E. C. vol. iii cols. 160—152]. But little requires 
to be said about this genus in addition to the long account 
already given in the E. C. Our knowledge respecting mis group 
is still imperfect, more especially in connection with the struc- 
ture of the reproductive organs and the development of the 
embryo ; and we are still in ignorance as to the way in which 
contraction and extension are ett'ected. No muscular fibres have 
been detected, as stated by Corda. 

This genus of about half a dozen species is believed to be 
entirely confined to fresh water, while all its nearest allies in 
structure (with the exception of Cordvlophora) are exclusively 
marine. Of the seven or eight species kno\vn, four are generally 
distributed in Europe. Leuckart states that one or two species 
exist in the North Sea, and Bosc that two species live on 
the sea-weed in the Atlantic Ocean. These latter observations 
require further confirmation, for, if true, they prove that the 
fresh-water hydras do not occupy so remartably isolated a 
position, geographically, as is usually supposed. 

Hydra is, perhaps, tne simplest of all the Hydrozoa, and is 
regarded by most naturalists as the typical form. [Actinozoa, 
E. C. S. ; Hydrozoa, E. C. S.J It is the only genus in the 
order Hydridce. 

HYDROZOA, a class of animals, concerning which various 
details have been given in the Cyclopaedia under the articles 
AcALEPHiE, Hydra, HYDROiDiE, and Lucernariad^e. It com- 
prises in round numbers about 500 or 600 species, which 
present so great a diversity of form that it is at first sight 
difficult to perceive any structural character common to the 
group. As the perception of this relationship of plan often 
greaUy facilitates the understanding of the real structure of 
any particular species which may be the object of curiosity, we 
will endeavour to indicate in what this relationship consists, 
and why it is that the genera Hydra, Coryn^, Sertulana, Felagia, 
Diphyes, and iMcemana are associated together in the same 
class. And, perhaps, the best way to develope this relationship 
will be to give an account of (I) the development of the ovum 
and embryo, (2) the typical forms of each group, (3) the princi- 
pal modifications of eacn of the typical forms, (4) the phenomena 
relating to generation, or the production of eggs, and (5) the 
classification of the genera and lamilies. 

The structure of the ovum is so uniformly identical in all 
animals that the description of the ovum of any one animal 
will apply to that of every other ; and although the eggs of but 
few Hydrozoa have been properly observea, there is much 
reason to believe that the structure of the unknown ^gs is 
essentially the same as that of Laomedea flexuosa. whicn has 
been so carefully described by Professor Allman, wnose accoimt 
will be somewhat closely followed. The ovum (^flg, 1) is about 
•01 inch in diameter just before se^entation commences. It is 
of a granular structure, and contains a distinct germinal vesicle 
about '002 inch in diameter, situated very excentrically, and 
easily separated from the surrounding fluid or vitellus (yolk). 
When isolated on the stage of the microscope it is seen to be of 
a beautifully spherical form, and to be filled with a transparent 
colourless fluid, in which floats, sometimes one spherical body or 
the germinal spot, and sometimes a group of from 2 to 10 such 
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rnit the paasage of water through them, m that they should 
placed in some fluid in which they are not diasolved. 
Such a fluid is that fonnin^ the vltellus, a.<9 also aea-watei to 
whish a little tincture of iodine has been added. The latter is 
the more preferable, since it renders them and tlieir contents 
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inoie distinct, and shows them to be themBelves Tesicles contaiit- 
in^ a few minute granules. The Tilellus (yolk) is composed of 
KUitute spherical corpOEcles of apparently homogeneous structure, 
and of gtaDoles so small as not to admit of measurement The 
ovum, which is enveloped in a thin vitelline memhmne, gra- 
duaUy increases in size, and after a time the cerminal vesicle 
disBppeaiB, but no change in the structure of the ef^ seems to 
follow a« a consequent result. What becomes of it is unknown, 
hut Professor Allman thinks it probable that it bursts and 
scatters its contents, which mingle with the vitellus 
However, whether this ia so or not, segmentation sets i: 
immediately after the disappearance of the germinal vesicle. 
The yolk splits into two halves, each half divides, and the sub- 
divimon continues. These products of successive duplication 
are called cleavage spheres. When there are about 36 such 
cleavage spheres a distinct nucleus appears in some of thein, and 
when Uiey are still more numerous, every sphere is seen to have 
its own nudeus {fig. 2). It is probable that the invistbility 
of the nuclei in the earlier formed and larger spheres is due to 
their being thickly imbedded in the thick opaque vitellus. The 
cleavage spheres consist, like the original yolk, of spherical 
corpueclet intermingled with still smaller granules. At thia 
stage a new phenomenon presents itself. The spheiea forming 
the outer laver of the ovum become transformed from spherical 
bodies into long prismatic ones, having their main axis perpen- 
dicular to the suHBce of the egg, and form an outer wall [Jig. 3). 
Up to this point the main feature has been the conversion of an 
apparently nomogeneous substance into a heterogeneous one, a 
feature which the ovum of Laomedta shows in common with the 
ovum of man and the highe( animals. This will be evident on 
comparing the account above given with the passage concerning 
the human ovum, quoted in the article RBPRontroTioN rs 
Plu(Tb and ANI1I1.LS, E. C, vol. iv. coL 666. The analog 
between them ia not merely one of form : it extends to the 



gives rise to the most complicated structures, such as tlie 
int^uments, bone!>, muscles, nerves, and sensory apparatus. 
The various organs are produced by budding from one or botli 
these layers. The same thing occurs in the Laomxdea and all 
the Hydrozoa. The outer layer is developed into the hard 
tegumentary tissues, the bands of muscleH, and the various 
orf^ans of sense. The inner layer undergoes little change, and is 
principally employed in aiding digestion. The organs are deve- 
loped from one or other, or both of the layers. With this 
digression, we will return to eoiwider what are the further 
changes undergone by the ovum of Laomtdea. The nucla 
which were previously visible in the cleavage spheres have now 
censed to be distinguishable, while these spheres at the same 
time show a distinct investing membrane. On breaking down 
the ovum under the microscope, it ia fouud to consist of loosely 
o^'gregated cells, some Rpherical, some elongated, and all with a 
more or less numerous brootl of smaller cells within them. The 
outer layer is now well marked, the ovum begins to change front 
a sphere into an elonjj-ated shape, and the large cells with their 
endogenous brood, have become a multitude of small free 
vesicles mingled with the granules, which have all along formed 
a part of the constituents of the ovum. This elongated body 
gradually shows signs of contractility, and it breaks through the 
gono^iore or embryo-sac which envelopes it, and, straightening 
itselJ, appears as a long conical body {Jiff. 4), or embryo. It is 
entirely clothed with viliratile cilia, by means of which it moves 
slowly along the bottom of the vessel containing it. It still 
consists of two layere, which have been termed the endoderm, 
and the ectoderm; but in addition we have a central cavity, 
which appears to have been formed by the liquefaction of the 
innermost cells and granules, and which represents the diges- 
tive cavily of the future adult animal. As yet there is no aper- 
ture leading into it; bat the ectoderm contains a multitude of 
minute oval bodies having a high refractive power, which it is 
supposed may be the rudutents of the thread cells. This stage 
is generally linown by the name jilanula. 

The development of the ovum into the planula has been care- 
fully traced in a few species only of the Hydrozoa, but the deve- 
lopment of the planu^ into the adult hydroid form has been 
traced in many. The changes undergone by EiuUndrium 
roctmiwum form a j^ood illustration of what occurs in most case*. 
The planula or ciliated embryo roama about for two or three 
days, then loses its cilia, and with lliem its activity, although it 
still creeps slowly from one place to another by the general con- 
tractility of its body. When it reaches a suitable place it 
contracts into a flat disk-like shape, throwR out a secretion from 
the lower or proximal surface, and attaches itself thereby to 
some fixed object From this flattened disk a slight cylindrical 
and hollowed column arises. The base now expands laterally, 
while at the same time it becomes depressed verticaUy, bo as to 
acquire the condition of a little circular disk of adhesion. At 
the same time also the embryo becomes enlarged a little beneath 
■'- '' — — dietal extremity by the formation of a slightly 



protninent circular ridge, 



n exceedingly delicate periderm 



throughout the whole life of the individual it plays a pre- 
eminently important share in the function of alimentation; on 
the other hand, the outer layer undergoes great changes, and 



surface. The next change is the division of the disk Into lobes, 
separated from one another by radiating fissures, which com- 
mence as shallow notches at the circumference, and thence 
gradually iucrease in depth until they nearly reach the central 
vertical column. These lobes, like tne columns, are composed 
of two layers, and each contains a prolongation of the general 
cavity of the body. The lobes increase in number by successive 
dichotomouB division. While thia is proceeding, the embryo 
itself grows larger, the circular ridge becomes more pro- 
nounced, and a portion of the front part of the ridge is more 
decidedly markwl off from the rest of the body. The periderm 
at this part is more distinctly seen than elsewhere va conse- 
quence of its partial withdrawal from the included structures. 
Soon after the ridge developes into a circle of about 10 short thick 
tentacles while at some distance behind them the body is 
narrowed into a short nearly cylindrical stem sprinKing dis- 
tinctly from the centre of the basal disk, and the more 
contracted part which lies in front of the circle of rudimental 
tentacles is plainly recognisable as the proboscis of the futui« 
polypite. The tentacles increase rapidly in number by the 
development of ftesh ones between those already formed. The 
second set appear to spring from the same line as the first, but 
may be distinguished by the tentacles forming it being shorter 
than the others. The tentacles consist of two layere, flie outer 
or ectoderm, and the inner or endoderm, whose structure pre- 
sents no greater complexity than is met with in the planuU 
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stage. The ectoderm is apparently fomied of a single kyer of 
prismatic cells, while the endoderm seems to fill the entire axis 
with a mass of minute spherical loosely aggregated cells. Just 
behind the tentacles the Dody of the young jwljrpite is seen to 
be excavated by a large cavity, in which is a multitude of loose 
spherical cells filled with a red granular pigment thrown off from 
tne inner surface of the waUs. The polypite is still invested 
in the delicate chitinous periderm, which entirely covers it, 
even to the very ends of the tentacles. For some time it has 
formed a loose covering over the free end of the body, and it 
ultimately ruptures in front of the tentacles, and thereby admits 
the £ree access of water to the surface of the polypite. The 
tentacles also have greater freedom of expansion ; the proboscis 
is perforated, and this perforation is the first indication of the 
communication between the digestive cavity of the ^lypite and 
the medium in which it dwells. We purposely avoid using the 
word mouth for this perforation, and stomach for the general 
cavity of the body, because we hold that the same word should 
only be applied to homologous parts, that is, to parts which 
occupy corresponding positions in the same plan of structure. 
The so-called mouth we shall term actinostome or polype-mouth. 
The yoimg Eudendrium is now a true polypite. Its stem 
elongates ; while the body, tentacles, and proboscis rapidly acquire 
all the characters of tiie adult It developes a creeping stotorif 
as also new polypites, and tmdergoes various other changes ; 
but these phenomena will be considered in another part of this 
article. 

The changes which we have somewhat minutely described are, 
in most of tne essential points, in all probabilit?- identical with 
those which occur in nearly all Hvdrozoa, They have been 
verified in the genera Cordylophoraj Ulava. Oyanaa, and Aurelia, 
The observations on the last were made oy Agassiz, and, as his 
description supplies some details not noticed in the ova of Lao- 
TMdea, we will repeat it here. The species to which the eggs 
belonged was A, jUmdvia, He saw m the ovary a number of 
simple globular bodies which he concludes were c^gs, since, 
begmning with them, a graduated series of similar bodies was 
found to merge into other bodies which had all the charac- 
teristics of genuine eggs. The smallest of these bodies, when 
examined by a high magnifying power, appeared like homo- 
geneous masses of jelly. When a rather lai^r body is examined 
with the same magnif^ng power it resembles a sac containing a 
few laige globules, which globules are perfectly dear and homo- 
geneous. These globules are regarded by Professor Agassiz as 
representing the yolk, and he c&aws attention to the ract that 
very few of them are required to fill the egg. In a slightly 
lugger egg the globules are much smaller and more numerous, 
and hence it is supposed the original globules have been broken 
down into smaller ones. Apparently there is no definite boun- 
dary to the egg, but changes like these would seem to indicate 
that there is one, although invisible. In an egg somewhat 
larger than the last a vesicle is developed which ultimately fills 
one half the diameter of the egg. This is the germinal vesicle, 
and within it mav be seen a still smaller one which is the 
germinal spot ; both vesicles are clear and homogeneous. The 
yolk globules are now so small and closely packed that thev look 
like mere granules ; and the colour of the yolk has changed from 
its former transparent colourless appearance to a bluish-grey 
colour. For a short time after this the increase of &e qgg in size 
appears to be more due to the growth of the inner vesides than 
to the yolk, llie phenomena which appear at this time are so 
important that we will give the original account, premising that 
the Purkinjean and Wag^ierian vesicles correspond to our 
germinal vesicle and genmnal spot. ^* The Purkmjean vesicle 
bursts, and yet the space occupied by it remains clear, and the 
Wagnerian vesicle remains intact, and might be mistaken for the 
Purkingean vesicle were it not for its peculiar appearance, by 
which it may be recognized when compared witn other Wag- 
nerian vesicles of undoubted character and relations. The yolk 
cells at this period are larger than ever, and have an apparent 
diameter, under this magnifyingpower, of about ^th of an inch, 
or in reality zJjQth of an inch. Tne vitelline sac is verv thick, a 
peculiarity also noticeable in another genus, Cycmaa, but never 
in the ^gs of any of the naked-eyed Medusae. Finally the 
Wagnerian vesicle bursts and leaves a homogeneous clear space 
in tne centre of the egg. To what degree this clear space is 
filled up, or whether it disappears altogether during segmenta- 
tion, we are not able to state, for we have not seen the segmen- 
tation of the yolk in Aurelia or in Gyanaa, After segmentation 
the vibratile cilia appear, and \>y their means the young leave 
the ovary, and make their way into pouches in a long curtain 



appendage which hangs from the lower side of the disk of the 
mother Aurelia. Sometimes the yoimg are of a globular shape 
and sometimes oval when they leave the ovary, and there is also 
a great variation in size, but this is probably mainly in conse- 
quence of the great degree of contractility and expansibility 
possessed by them. In this early stage, even when the indi- 
vidual possesses a globular form, the motion is rolling and zig- 
zag ; but when the individuals are elongated they proceed in an 
almost direct line with one end forward. This direct motion is 
most favourable to effecting a passage from the ovary to the 
pouches, and in most cases me mdividuals are of this dongated 
shape when they make the transit. The young at this stage 
have distinct inner and outer walls, and a digestive cavity, 
but no mouth. The cilia are very short, and their motions 
appear to be more or less voluntary ; for it frequently happens 
that when all the cilia are bent in one direction they suddenly 
stop, pause for a moment, and then resume activity with their 
points turned in the (^posite direction. After a time the peri- 
pheric portion just beneath the cilia, and the centre, become 
slightly transparent, the transparency increases imtil the outer 
part forms a distinct layer enveloping the whole, and the central 
part forms a cavity bounded by a distinct outline ; and the 
embryo is now clearly divided into (1) tiie ectoderm, (2) the en- 
doderm, and (3) the digestive cavity. The digestive cavity 
enlarges, the uniform transparent gray colour changes into a 
faint rosy tint. The mouth is now formed by the depression of 
the outer surface of the inner wall, by the conversion of this 
depression into a perforation or channel, and by the subsequent 
perforation of the outer wall. The next phase is the assumption 
m succession of an ovate, of a pyriform, and of a long cylinarical 
shape ; the conversion of the upper part of the body from a 
cylmdrical to a somewhat quadrangular form ; and the projection 
of the four angles. The embryo is now from ^th to j^th of an 
inch in length. The final changes we have to notice here are 
the deepening of the rosy tint mto a brownish-pink colour, the 
settling of the embryo on the narrower end of its body, and its 
attachment to a solid surface by means of a homy secretion." 

In a few genera, as for example Tubularia and Myriothela, a 
different order of things prevails. According to Prof. AllmaTi 
the granular plasma (p,fig, 22) which occupies the position in 
Tubularia corresponding to that occupied by the ovary of other 
Hydrozoa. gives rise to ttagments which develope into embryos. 
But as tney never show any traces of a germinal vesicle or 
germinal spot, some persons have contended that they cannot be 
regarded as true ova. In reply to these Professor Allman ui^ges 
that since ''the plasma in which they originate holds in Uie 

gonophore which contains it a position precisely similar to that 
eld by the undoubted spermatogenous tissue in the male 
gonophores of the same species, and as nothing else is presented 
by the hydroid which can in any way be regarded as ova, we 
should, by denying to them the essential attributes of ova, be 
reduced to the anomalous alternative of admitting the existence 
of the male element without the correlative female one." Ac- 
cording to Dr. Wright the embryos of Chrysaora hyoseella are 
developed from similar bodies which never show any traces of a 
germinal vesicle or spot : this species we may mention is said to 

Sroduce planuloid embryos. In TuHnUaria the generative pro- 
uct li^ Detween the ectoderm and the endoderm, but appears 
to be connected with the latter rather than the former, fonce it 
appears to grow in bulk by the absorption of this membrane, 
'tiie changes which the detached masses of plasma undergo are 
thus described by Professor Allman. In the act of development 
the detached mass becomes extended as a disk over the residual 
plasma. In this disk we can always recognize a differentiation 
oetween its peripheral and central portions. Next, from the cir- 
cumference of the disk short and thick processes radiate all round, 
and these soon elongate themselves into tentacles, the disk at the 
same time gradually becomes more gibbous on the side turned 
away from the axis of the gonophore ; its interior becomes hollowed 
out into a digestive cavity, and a mouth makes its appearance in 
the centre of the opposite side, or that in contact with the plasma. 
The embryo now retreats from the plasma, the mouth is seen to be 
elevated on a conical prominence, while the side opposite to the 
mouth becomes more and more prolonged imtil it assumes the 
form of an elongated oval pedimcle into which the general 
cavity is continued. The extremity of this prolongation presents 
the appearance of delicate strias probably nbres) radiating for a 
short aistance irom its central pomt — a peculiar structure which 
might easily lead to the belief that an aperture was here present. 
At the same time a circle of very short tentacula makes its 
appearance immediately aroimd the mouth. In this state it 
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escapes from the gonophore, and, after continuing free for a period, 
the side opposite to the mouth becomes ultimately developed 
into a eylindrical stem, which soon clothes itself witn a periderm, 
and fixes the younc Tubularia to some neighbouring object. 

In this moae of aevelopment the chief distinctive peculiarities 
ore that the embryo does not acquire the ciliated locomotive 
stage, but passes the period corresponding to it in other Hydro- 
zoa in connection with its mother ; and that it does not become 
free imtil after the appearance of the mouth (actinostome) and 
tentacles. In this free condition the embryo is called an Acti- 
nula. It will be seen that this actinula-stage coiTesponds, as 
far as development is concerned, to the stage shown by the other 
Hydrozoa a short time after they have fixed themselves. The 
development of the fresh- water hydra has never been traced, but 
certain facts render it probable that it may assume the hydroid 
form without passing through the planula-stage. It has been 
stated that in some genera the ova are directly developed by 
a continuous series of developmental phases into the adult 
medusce ; but the evidence on this point has not vet, so far as we 
know, been satisfactorily established in any single instance. In 
one species of Lizzia, however, Claparede has traced the develop- 
ment of the egg into a medusoid form without any intermediate 
hydroid stage ; and although but slight changes were apparently 
required to convert this into the aault form, still the gap was 
sufficient to prevent our assuming that it might be filled up by 
direct metamorphism. 

From the foregoing paragraphs it appears probable that with 
the exclusion of a few doubtful cases, whicn may or may not 
prove to be exceptions, the ova of all Hydrozoa assume, sooner 
or later, a form which agrees in all general points of structure 
and relative position oi parts with the common fresh-water 
Hydra, which is by common consent viewed as the representative 
form of the class, chiefly because it has the simplest organisa- 
tion. A tolembly accurate idea of its form may be gained from 
the article Hydra in the Cyclopaedia, but there is room for a 
few extra details here. On examining a Hydra we find that it 
consists of a conical colxmm attached oy the narrow end (hydro- 
rhiza or adherent disk), and of a number of tentacles which sprincj 
from the margin of the broad end, and surround a short, conical 
projection, whose narrow end points forward, and terminates in 
an aperture or polype-mouth. The column or stem is hollow, 
and consists of two parts ; viz. (1), the part in front of the ten- 
tacles (post-buccal cavity of Allman), and (2), that just behind 
the tentacles, where the food is dic;ested (the stomach of Allman, 
and the polypite of Huxley). The polypites are usually single, 
but when two or more polypites are connected together the com- 
pound group is called a hyarosoma. 

In the adult Hydra the stem is a triple-walled sac, each wall 
having a special name, and probably a special function. The 
outer wall is kno¥m as the ectoderm; the middle wall as the 
haumerU or supporting membrane and musciUar layer, and the 
inner wall as tne endoderm. The ectoderm is transparent and 
without any apparent structure in the common Hydra (H vul- 
garis), although when the creature is contracted it is full of 
wrinkles and folds which have a resemblance to the outlines of 
the cells in the endoderm. It has imbedded in it the lasso cells, 
of which there are two kinds, of different sizes ; the smaller and 
most numerous have a simple thread which, beine protruded for 
a short distance, gives a bristly look to some of the clumps of 
lasso cells ; the larger ones are pear-shaped when their thread is 
ejected, and have at the base of the thread three slightly curved 
spines. In H, viridis the ectoderm is cellular, not homogeneous. 
Beneath the ectoderm is the muscular layer, which appears as a 
sharp, well-defined line, separating the outer from the inner 
wall, and presents no trace of structure imder a magnifying 
power of 200 diameters. Beneath this is the endoderm, which 
lines the general ca^itv of the body, and which has a decided 
cellular structure. The cells are closely applied against one 
another, and vary in shape from short prisms to long cvlinders, 
according as the Hydra is contracted or expanded ; their lon^ 
axis is at right angles to the axis of the stem, and when viewed 
endways they appear like an irregular network. The inner ends 
of these cells are ciliated and form the lining to the general cavity 
of the body, which is filled with a fluid containing a number of 
nucleated cells. On the inner surface of the endodgm there are 
a number of brownish granules, which according to Reichert are 
situated within the endodermic cells, and do not compose a 
distinct layer by themselves. 

Such appears to be the structure of Hydra; but the authorities 
differ greatly in the functions they attribute to the different 
parts. The remarkable contractile power of the Hydra is well 



known, a power which seems to be exceedingly well developed 
in the group of Hydrozoa, Dr. Johnston, whose opinion was 
adopted in tne Cyclopaedia article, attributed this power to cer- 
tain muscles and to tne propelling effect of a current of water. 
This opinion is now worthless ; for what were considered to be 
muscles by Corda are now known to have been the external 
margin of the tentacular knobs, and of the cells contained in 
them, while there is no evidence to show that any current of 
water is created by propulsion ; and if there were this would 
imply a muscular system or something analogous to it The 
expansion of the tentacles, however, is quite independent of 
any such agency, for thev expand and contract when separated 
from the body of the Hydra, Reichert asserts that the ectoderm 
is the seat of the contractile power; that it is homologous with 
the sarcode of the amoeba, sponge, and other Protozoans; and that 
the middle wall is formed irom it by an excreting process. The 
author gives his reasons for adopting these conclusions, but they 
do not appear to us by any means sufficient ones. According to 
other authorities, the contractile jwwer is lodg^ in the endoderm 
layer ; thus Leydig assigns it to the transparent fluid contained 
in the cells of the endoderm, and othera attribute it to the cell 
membrane. Until recently this last opinion appeared to be the 
most prevalent ; but latterly it has been generally thought that 
this power resides in the middle layer ; and the main aigument 
in favour of this view is, that in the higher Hydrozoa an un- 
doubted muscular system occupies a corresponding position. 

Cordylophora is another fresnwater genus, whose structure is 
very similar to, but somewhat more complicated than, that of 
Hydra. In this genus a number of polypites are grouped in a 
dendritic form by a common stem or coenosarc. The stem of 
each polypite is long and cylindrical, and the tentacles are short 
and clavate. The cavity of the stem is divisible into three 
parts, viz., (1) the post-buccal cavity, which is situated between 
the mouth and the plane from whence the tentacles have their 
origin ; in shape it varies from a tube to a globe, according as 
the projection supporting the mouth is or is not dilated ; and 
the cells lining it present a smooth surface. (2) The digestive 
cavity, which occupies all the interior of the expanded portion 
of the club-shaped stem, situated behind the origm of the tenta- 
cles ; the cells which line it are large, and their inner ends are 
uneven and separated, so as to give them the appearance of villi 
projecting into the digestive cavity. And (3) the canal of the 
coenosarc, which is continuous with the digestive cavit}', but 
the connection can be temporarily closed by the approximation 
of the walls of the lower part of the digestive cavity; the cells 
lining this canal are small and present a smooth sur&ce. The 
tentacles are hollow, and are in direct communication with the 
digestive cavity. 

The body-wall of Cordylophora is composed of the same three 
layera as in Hydra, but in the stem they are enveloped by a 
fourth, known as the polvpary. At present only one species 
belonging to this genus is uiown, and consequently some of the 
details given below respecting the structure of the various 
layers may be characteristic of the species rather than of the 
genus. The ectoderm is a well denned membrane, and is 
composed of cells, in which feature it resembles Hydra viridis, 
and differa from H, vulaaris. Many of these cells, more 
especiallv those forming the outer row, have developed within 
them other and smaller cells, which contain the tnread-cells. 
These thread-cells are ovate capsules, slightly curved and 
tapering at one end, and filled with a transparent fluid. A 
mmute cylinder is attached to the inner side of the sharper end, 
which extends along the axis of the cell for about two-thirds 
of its length. When the animal is irritated this cylinder is 
everted through the end of the capsule, and when extended it 
forms a coniccd projection terminating in a long filament At the 
point where the filament is attached to the apex are three minute 
curved spheres. The thread-cells are developed in all parts of 
the ectoaerm, but they are far less numerous where this layer is 
covered by the hard polyparv (and where, consequently, tiiey 
cannot be used as organs of offence) than in the tentacles. In the 
latter place they are developed in liuge numbers and collected into 
groups which form conspicuous knobs or swellings ; but they are 
most numerous at the extremities of the tentacles. The ectoderm 
rests upon the muscular layer, which in this species is not 
structureless as in Hydra, but, according to Allman, contains a 
number of longitudinal fibres, which mav be seen in the portion 
of the coenosarc not enveloped in a polypary, in the polypite, 
and throughout the whole lenjjth of the tentacles. The endo- 
derm forms the inner wall, and is composed of long cells having 
their length arranged at right angles to the main axis of the 
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Item. Theii; site enA ch&racter vary acconlins to tlieir posi- 
tion, the greatest dereloTiment being in the digeBtive cavity. 
Here they form a remarkable tisaue, with their rounded vnas 

Sromineutly projecting, as shown in fy. 6, where a ia the ecto- 
erni,/the muscular layer, and 6 the endodenn. Towards the 
inner h^ of these cells are several free secondary cells, many 
of which themselves contain several emaller cells or naclei. In 
some of the secondary cells fc) there is a sinfile nucleus floating 
in a transparent flnid; in others (rf) the nucleus can haidly be 
seen in consequence of the presence of a number of brown 
granules ; and in others the interior is filled with a brood of 
young cells. There are also particles of brown granular matter, 
which appear to have been liberated from some of the secondary 
cells. This glandular-like structure resembiea that found in the 
corresponding part of Hydra, and probably indicates a similar 
function in both. Dr. Allman states that the secondary cells 
are obviously secreting cells destined by the rupture of them- 
selves and of their mother-cells to discharge their contents into 
the stomach; while the granular masses are considered to be the 
result of this secreting action. In the tentacles the endodenn 
(b,Jig. 6) is composed of smaller cells, which, however, nearly 
till up the tentacular cavity, and at times do so entirely by 
the approximation of the opposite surfaces ,■ they contain within 
them other cells of the same glandular appearance as those in 
the eudoderm of the stomach. Fig. 6 represents the structure 
of a portion of a tentacle, a being the ectoderm, and c the mus- 
cular layer ; in it will be noticed a series of what appear to 



.._ septa. Dr. Allman thints the apjjearance is due, not 
actual partition, but to the occurrence of regular intervals in the 
continuity of the endodermic layer. A similar appearance is 
met with in Hydra, in which genus, Eeichert asserts, they are 
actual septa, and that the communication between the chambers 
ia by means of circular apertures in the septa. In Coryne, again, 
there is a similar appearance, but, ss we shall see further on, a 
third mode of accountinj' for it ia proposed. We do not know 
that any one has recorded the existence of cilia on the endoderm 
of Cordyiophora, but it is probable they have much to do with 
the tremulous motion seen by Dr. Allman in the corpuscles of 
the fluid contained in the cavity of the cocnosarc. He notices 
that this fluid has an irregular motion, and that the motion of 
each corpuscle is frequently contined to a circuit not greater 
than the diameter of the cavity. Sometimes a group of 
corpuscles rush forward, and then suddenly stop, allowing 
Others to pass by them, while sometimes no traversing motion 
can he detected either in the fluid or the corpuscles. When the 
corpuscles are moving in their inner path they also have a second 
kind of motion of a peculiar vibratUe or tremulous cliaracter, 
and this same motion may also be observed when they are 
otherwise stationary. This motion we apprehend is caused by 
cilia, but Dr. Allman says it "may be due to the currents 
produced by the active vital processes going on in the secreting 
cells of the endoderm, whicn con hardly take place without 
causing local changes in the chemical constitution of the 
fluids m immediate contact with the cells, and a consequent 
disturbance of the stability of these fluids." 

We have now to notice the polypary, of wliich no traces are 
found in Hydra, It invests the branches, stems, and creeping 
stolons of the dendritically formed group, tenninating at the 
place where the polypites commence. In the young branches it 
IS thui and almost colourless, but in the old branches it is 

Esllowish brown, and composed of several layers. In the young 
ranches the endoderm and polypary are in close contact, and 
the same remark will probably apply to the old branches. In 
the latter, however, there is appaicntly a wide interval between 
the two for considerable lengths, and ike only connection scenis 
to lie hv a series of processes extending from the ectoderm to 
the polypary. The places ivhere these processes exist are 
frequently marked by external annular corrugations, such as 
occur near the bases of the branches where they spring from the 
coenosarc According to Dr. Allman, it is highly probable that 
a thin delicate membrane is in contact with the inner surface of 
the polypary, and that the lacunte are in the ectoderm itself. His 
principal reason for this opinion is that the spaces are unques- 
tionably lacuna) in the ectoderm in the nearly allied genus of 
SyTicoryne. The polypary is a structureless substance, which " 
believed to be a mere secretion from the ectoderm. Its interif 
diameter increases with the age of the looid, but how the 
enlaigement is effected is not known, although Dr. Allman says 
it must be by distension. 

The next genus whose structure wepropoae to notice is Corynt, 
wliich is marine, like nil the other Bydiozoon genera, with the 



xception of the two already treated of. We have selected C. 
mirabilii as a good example of the genus, partly because it is 
better known 9ian most other species in consequence of the 
careful, minute, and beautifully illustrated description which 
Professor Agassiz has given of it. T)ie zooids form irregulnrly 
branched colonies, in which the ctEuosarc is attached to some 
solid object for a short portion of its length, the rest stretching 
freely into the water. The same parts are found in Coryne as in 
Gordylophora ; thus there is the common trunk, or canosarc, 
from wliich is developed a number of stems or branches, which 
terminate in a swollen part containing the digestive and post 
buccal cavities ; while from the swollen part anse one or more 
circles of tentacles. The substance of the body wall is composed 
of four layers in some parts and three in others, which cor- 
respond to those termed polypary, ectoderm, muscular layer, 
and endoderm in Gordylophora. Professor Agassiz, however, 
alludes to two walls only, which appear to be the endoderm and 
ectoderm. This arises from his regarding the polypary as an 
excretion product, and from his not recognising tne existence of 
the muscular layer. The ectotlerm and eudoderm form a double 
tube, extending throughout the whole community, from its base 
to the tip of the tentacles, but their relative thickness vary con- 
sideiably in different ports. Thus, in the young polypites, or 
heads, as Agassiz terms them, and in the main part and baw 
of the stems of zooids of all ages, the two waits have about 
the same thickness; but in old polypites the outer wall is the 
thickest in the middle part, diminishing in thickness by one 
half towards the tip, and at the tip a^'ain expanding to form 
nearly the whole of the spherical exp.TnBion at that point. The 
inner wall of the tentacles is a continuation of that in the 
digestive cavity, and far exceeds the outer wall in thickness. 
The digestive (or, as Professor Agassii calls it, chyraiferous) 
fluid circulates within the endoderm, but by what means he 
does not know, since be states that no cilia have been detected. 
At times there is an exclusive circulation in the digestive cavity 
limited to the space above the neck, where on such occasions 
the opposite surfaces of the endoderm approximate towards each 
other so as to shut off the communication with the lower chymi- 
ferous channel ; the channel corresponds to the cavity of the 
c(Enosaro in Cordyhypkora. This circulation occurs when the 
polypite is distended to its utmost, as if to expose the largest 
possible extent of surface to the influence of the digestive fluid. 
The endoderm of the digestive cavity is lined with brownish red 
granules, which granules are frequently torn off, and bomealong 
in the current, with a quivering movement. The lltiid does not 
penetrate into the tentacles, which in C. mirabilis are said to 




be solid. The tentacles have a great power of contraction and 
extension their extent varying uom twice their own diameter 
to the length of the polypite The polypary e Jig 7, is a homy 
sheatli. composed of uregulai concentric layers, tmd u structure- 
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less, although, the boundaries of the layers give it an apparent 
fibrous structure. It envelopes the ectoderm, which in the 
adult shows no signs of cellular structure with an ordinary 
magnifying power, if the thread ceUs imbedded in it are 
excepted ; it Irequently appears to be longitudinally, but super- 
ficially striated, especially in the polypite, where the striae are 
double, and like muscular fibres. This apparent striation, Pro- 
fessor Agassiz states, is due to furrows, caused by the longitudinal 
wrinkling of the walls. In the young polypite, the endoderm is 
decidedly cellular, as shown at byfig. 8. The ceUs are quite as 
broad as those of the endoderm, but much shorter; while their 
length is coincident with the thickness of the ectoderm itself. 
Their inner faces are flat, and their outer ends are rounded, and 
each contains a homogeneous colourless fluid, in which is an 
exceedingly transparent nucleus. The form of these cells varies ; 
when the zooid is extended, they are hemispherical, but when 
it is contracted they are short prisms. Protessor Agassiz does 
not notice the muscular layer; but Pi-ofessor James Clarke has 
satisfactorily determined its existence ; the latter states that it is 
a layer of longitudinally fibrillated muscular bands, situated 
between the eDdoderm and ectoderm, precisely similar to what 
is found in Tnhvlaria, The endoderm is composed of large cells, 
whose shapes vary according to their position. Their shape low 
down in the stem can hardly be distinguished in consequence 
of the great development of brown ceDs ; but higher up, at the 
neck, they are distmctly visible as curiously curved prismatic 
wedge-shaped cells, having their narrower ends innermost, and 
occupying the whole thickness of the wall (d, fig, 8). Their 
outer ana broader ends are more or less rounded, so as to leave a 
number of interspaces. In the polypite these cells are much 
larger, have straight parallel sides, and are wedge-shaped late- 
rally; this last characteristic is a common feature in cells 
arranged in a convergent series round a central axis. When 
seen endwise they have an irregularly polygonal shape, and 
overlap one another. They are filled with a transparent fluid, 
which appears to contain no granules or nuclei, as in the pre- 
viously noticed genera. But the bodies noticed in Hydra and 
Cordyiophora are probably represented by the reddish cellfl which 
form a distinct lining to the digestive cavity {dd^iig. 6), They 
are of an irregular form, and provided with several tail-like pro- 
cesses, which project between the cells of the endoderm ; each 
contains a dark nucleus, which seems to be the origin of the 
colour of this lining. The tentacles are composed of the ectoderm, 
c, muscular layer, d, and endoderm, a, (fg, 9), The cells of the 
last are said to occupy the whole of the centre, and to present 
the appearance of transverse partitions, e, when viewed with a low 
magniiying power ; but a higher power shows they are arranged 
in two rows, one opposite the other, and that the thick irregular 
column which appears in the middle of the tentacle when viewed 
laterally, is the double wall of the contiguous cells. The nuclei, 
(/, seen in these cells are coarse granules, imbedded in the double 
walls at their line of jimction. No mention is made of cilia on 
the inner surface of the endodenn ; but according to Professor 
Huxley it is lined with cilia on most, if not all, CorynidcR and 
Sertulariadce. The globose head is shown at/. 

So far, then, as the internal structure and external form are 
concerned, there is an evident relationship between the Hydridat 
and Corynidoe ; although amongst the former there is but little, 
and amongst the latter a great variety in form. The principal 
difference is the development of the coenosarc and polypary in 
the Corynidm; and it is mainly upon the modifications in the 
coenosarc and tentacles that the various generic characters are 
based. Thus, in Tvbularia the coenosarc consists of long tubes 
intertwined together ; in Eudendrium it forms tree-like masses, 
with thickly crowded branches ; in Hydractinia it forms a rough 
layer on the surfaces of sheik. The tentacles are variously 
arranged, as will be seen from the following summary given 
in Greene's admirable little Manual of the Coelenterata. In 
2'ubularia and Gorymorpha {fig, 10) a fringe of short appendages 
immediately surroimds the mouth of the polypite, from the base 
of which, close to the distal extremity of the coenosarc, arises a 
second circlet of much longer filiform tentacula, fewer in number 
than those of the upper row, Vorticlava (fig, \l) also possesses 
a twofold series of tentacles ; but here, those of the lower circlet 
are twice as numerous as those of the upper, which are five in 
number ; short, stout, and capitate. In Clava, Cordyiophora, and 
Coryne, the tentacles appear insularly scattered along the sides 
of eacn polypite, tiiough most abimdant towards its distal [or 
freej extremity. In Coryne, the mouth is highly flexible, pos- 
Bessing the power of bending towards the t^tacle whicn has 
seized the prey, and of converting itself upon occasion into a 



kind of sucking disk. The polypites of the allied genus 
Stauridium are ilistinguished by tlie possession of two or more 
cycles of dissimilar tentacles, separated from one another by a 
considerable interval, each cycle including four tentacles; the 
lower row filiform, the upper whorl, or whorls, capitate, and 
placed at ri^^ht angles to one another and the polypite. (The 
writer has observed, in a colony of Stauridium, a group of the 
polypites, which differed from the ordinary polypites in having 
an upper cycle of eight tentacles, without any lower cycle w 
four tiliform tentacles. The aquarium in which they grew does 
not contain more than a quart of water ; it has had nothing put 
into it for three years, and the colony has been constantly 
watched. The appearance of this variety was coincident with 
a rapid increase m the number of the colony, which took place 
in the first few warm days in the early part of spring of 1867.) 
In Pennaria there is a basal circlet like that of TvhilaHa, 
between which and the mouth of the polypite lie scattered 
numbers of shorter tentacles, resembling those of Vorticlava. In 
Myriothela multitudes of wart-like tentacles crowd the whole 
surface of the club-shaped, solitary, polypite. Similar to these 
are the tentacles of AcauliSf which exhibits, in addition, a 
basal series of long prehensile appendages. These, however, 
disappear as the organism approaches maturity, so that this form 
may possibly be but a young condition of Myi-iothela, A single 
series of rather long tentacles inserted as i^i the freshwater 
Hydra arises at a short distance below the mouth in Trichvdra, 
Ciavatella^ PerigonimuSj Bimeriay and Eudendrium, bome 
species of these genera seem to foreshadow an arrangement of 
the tentacles, which in Hydractinia becomes sufficiently con- 
spicuous. Around the mouths of the digestive zooids m this 
genus two rows of alternating tentacles are placed so close to each 
other that they appear, at first sight, to constitute a single series ; 
the lower tentacles, wliich are the shorter, projecting at right 
angles to the body of the polypite, from the axis of which the 
upper tentacles very slightly diverge. These, however, have 
no connection with the long tentacular appendages arising 
directly from the coenosarc Lastlv, in Lar, each polypite sup- 
ports but two tentacles, above which the mouth is lumished 
with a pair of wide projecting lobes, capable of being approxi- 
mated doselv to each other, and serving, doubtless, as efficient 
orgEuis of prenension. 

In the Sertularidas the polypites resemble those of the C(yry' 
nidce, their principal difi'erence in structure being a higher 
development of the polypary, which in this group is thicker, 
more conspicuous, and more durable. The cups which contain 
the polypites are prolongations of the polypary, and are techni- 
cally known as hydrotlvecce. The order Sertularidce is sometimes 
made to consist of two families, viz., the SerttUariadcBf in which 
the polypites are sessile, and the Gampanulariad<By in which they 
are supported on a stalk. In the majority of cases the stalk is 
ringed. Many authors consider the Graptolitidce to be nearly 
allied to these two families, and they have brought forward a 
great deal of evidence in favour of tms view ; but it appears to 
us that the facts are not quite convincing, that they are not 
sufficiently extensive, and that it is possible they may rather 
belong to the Polt/zoa, In the present state of our knowledge 
we have preferred to describe them imder a separate heading. 

[QRAPTOLITIDiB, E. C. S.l 

In the next groups tne Hydrozoan type of structure is so 
modified that great difficulty has been experienced in under- 
standing what functions are performed by the various parts; and 
althougn Professor Huxley has thrown much light on me subject 
in his 'Monograph on the Oceanic Hydrozoa,' yet there are many 
obscure poin^ which would be readily explained by a careful 
examination of the development of a few species belonging to 
different genera. As an illustration of the oider Calycophoridce 
(which is the name Huxley proposes to substitute fer that of 
DiphydaSy used in the E. C. article), we will select Dvphyes dispar. 
wmch is the same as Diphyes Bory, The generic characters of 
Diphyes are thus given in the E, C, voL i. col, 44 : — " Body nuclei- 
form, indistinct, situated in the bottom of a deep cavityjl whence 
proceeds a long tubular production, fiimishea throughout its 
extent by proboscidiform suckers, having at their root granular 
corpuscles and a cirrhiferous filament Natatory bodies nearly 
equal and similar ; the anterior with two distinct cavities ; the 
posterior with a single one, with a round aperture provided with 
teeth.*' Huxley's definition is : — ** Both the nectocalyces have a 
initiate form, with five more or less convex faces, and hence a 
pentagonal transverse section. The proximal nectocalyx is as 
large as, or lai^er than, the distal one. The hydrophyllia are 
folded round, like the spathe of an arum, and have their outer 
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Burfaces not facetted or irregular, but smoothly convex." It will 
be at once seen that the two definitions differ widely, both in the 
technical terms employed, and in the charactera upon which the 
generic distinction u based. In the fitat vie have sucli familiar 
terms as bodies, cavities, tubular production, suckers, K^^nular 
corpuscles, filaments, natatory bodies, and teeth ; and in the 
second a number of nnfamiliar eipressionB. What we wish to 
show in describing Dyphyu di^ar is that it possesses parts 
Strictly similar to those of the Corynida and other Hydrasoa, 
combined with some which ate not found in the groups we have 
already noticed. Dipkya differs from Hydra, Coryne, and the 
Sertularida in the hydrosoua, of mass of zooids, being free and 
locomotive, and never attached to stones, &&, and accompanying 
this diffei«nce of habit is s far greater development of the appa- 
ratus by which locomotion is effected. In D. dUpar there are 




two bodies having somewhat the shape of a mitre, 17', g*/g. 12 
(tueloealyx), each of which contains a cavity, j* (ntciotae) ; both 
of these nectocalices, or mnmming-ciipi, as we shall in future c^ 
them, are endowed with considerable powers of contraclion and 
dilatation. In the walls of both the swimming-cups is a cavity 
5* (hydraeium) containing a long filiform body, a (ccenosnre), which 
supports at intervals groups of appendages. Each group consists 
of the parts shown on on enlarged scale in jig. 13 ; viz., the 
polypit^ b; tentacles spinging from the base of the polypite, c*; 
and of a sort of hood or cover, k, called the hydr^ytlitm. 



which is analogous to, but not homologous with, the hydrothecge 
in the Sertulanda. These are the prominent features belonging 
to D, ditpar, in common with all the species belonK^i^ ^ ^^ 
same order ; and the main difference between this and ths 
orders already illustrated by typical forms are that in Corynida 
and Sertvlix'ndix the ctnnosarc is fixed to a stone, and hiu ■ moit 
or less ramified form ; but in the CalycophoridiE the ccenosare is 
attached to a swimming-bell of CTtta'ordinary siie relatively to 
the pulypites, and is not branched. The attached end of the 
cccnosarc in all these cases serves as the means for placing the 
animals in corresponding positions, so as to obtain uniformity of 
description. It is always called the proximal end, whatever may 
be its actual position. Thus in the Hydra it corresponds to 
what is frequently termed the lower end ; in Dwhyet to the end 
which is foremost in swimmins ; and in the Mtdvridte it corre- 
sponds to the upper aide. The opposite end, which is nearly 
always that which is ^uing, b termed dUtal. It ia important 
to bear these distinctions in mind, for otherwise it is impossible 
to define the precise position of the various parts. 

The oxQosaro has much the same structnre as in the Corynida, 
consisting of an outer and inner layer, with an intervening 
muscular layer, composed of well developed longitudinal fibres. 
It is soft, bas no polypary, and ia remarkable for its contractilihr. 
In many cases it ia so delicate and transparent as to be scarcely 
visible, although it may be several inches long, and may support 
fifty or more polypites. Its distal end differs but little from the 
cmnosarc of the Corynida,^^, butitsproiimal end is considerably 
modified. In the Calyoopi^inda this end is somewhat dilated 
(Jig. 14) to form a small chamber, which is ciliated on its in- 
ternal surface, and from which ducts, one of which is shown at 
g', are given off connecting the somatic cavity with the system 
of canaG developed in the walls of the swimming-cup. At its 
proximal end this chamber is constricted, and communicates by 
a narrow channel with a sac, d, termed by Huxley the tomato- 
cyst, the cavity of which is almost obliterated by the excessive 
vacuolation of the endodenn. The swimming-cupa are developed 
at the proximal end of the coinosarc ; and, like the ccenosarc, are 
composed of endodenUj muscular layer, and ectoderm. At the 
sharper end of the cup is a cavity, Irom which four nectocalycint 
canals, j", proceed, which canals traverse the walls of the cup, and 
terminate in a circular canal surrounding the mouth of the cnp. 
In the CabiaiphondtE the swimming-cups are usually two m 
number. The polypxfa are similar to those already described ; 
the mouth is at the distal extremity, and is frequently expanded 
into a disk-like form ; the middle part is wider than the rest, its 
walls are much thicker, its endoderm is developed into slender 
conical villi, and it is especially the part where digestion is 
effected ; and there is a basal or proximal portion. These appear to 
correspond to the three parts described by Dr. Allmau in Cordy- 
lopkora ; but in the Calycophorids no tentacles ate developed 
from the polypite. In ZHphyu there is a structure which appears 
to correspond with a simUar part in OordyUmkora. It consists of 
a strong fold of the endoderm, b*,fig. 15, whose lips project into 
the median or digestive cavity, and can be closed. Huxlev calls 
it thepy/oWciwihw, andstates that theoilyalobulesformed by the 
digestive process accumulate near the valve, and after having 
been kept rotating for a certain time, are discharged into the 
somatic cavity by the simultaneous contraction of the digestive 
chamber and dilatation of the valve. The tentacles spring from 
the peduncular part of the polypite, and vary mudi in structure. 
Professor Huxley gives the following account of them as they 
occur in the CalycophoridiE and Phyiophorida : — "The tentacles 
in the various genera of these orders gradually increase in com- 

?lexity OB we advance along a series the lowest term of which is 
'tUUa, and the highest Phj/iojAora. The tentacles of Vehlla, in 
fact, differ in no essential respect from those of the Hydrida and 
Sertvlarida ; they are simple ciecal processes of the wall of the 
coenosaro, with a greatly vacuolated endodenn. Those of Por- 
pita have the same fundamental structure, but they are branched 
at the cnda. The tentacles of Apolemiaaie described by Leuckart 
and Gegenbaur as simple, tapering, unbranched filaments, which 
are beset with large thread cells on one side, and are traversed 
hj a narrow ciliated canal One of these tentacles is said to 
arise from the base of each polypite. The tentacles of Pkyialia 
exhibit an advance on this structure. They arise independently 
from the ccenosare, and each is provided at its base with a lares 
pyriform saccular dilatation, the hamX sac. The tentacle itself is 
IL filament, which in a large specimen attains the length of many 
feet when fully extended. It has no lateral branches, but it is 
beset along one side at regular intervals with reniform enlarge- 
ments, full of large thread cells, which are disposed transversely 
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to the axis of the tentacle, and look like bo manjr beads threaded 
upon it. On the opposite side the tentacle widens out into a 
nbbon-like muscular band, which, attached above to one ed^e of 
the basal sac, is the agent of its rapid and extensive contractions. 
A canal traverses the whole length of the tentacle, and sends 
csecal diverticula into the renifonn enlargements, while above it 
communicates with the cavity of the basal sac. It has been 
Bupj)osed that the latter organ, by its contraction, drives the 
liquid which it contains into the canal of the tentacle, and thus 
effects its elongation. Without denying that such may be its 
office, I would remark that the tentacles of other species which 
are not provided with basal sacs are just as capcible of rapid 
elongation. The renifonn enlargements to which I have referred 
may be regarded as rudimenta^ lateral branches. If they be 
supposed to elon^te and become filamentary, the result will be 
a tentacle very sunilar to that possessed by Rhizoph/ysa, except 
that in this genus there is no basal sac nor muscular band, and 
that each tentacle is attached to a polypite. The lateral 
brancbes of the tentacles of Rkyzophysa nave one wall much 
thicker than the other, but it contains only spheroidal thread- 
cells, and the branches are not divided into distinctly charac- 
terized regions. In Forskalia, however, while the tentacles have 
essentially the same structure, each lateral branch is divided 
into three distinct portions : a proximal slender part; a median 
division with one wall much thicker than the otner, containing 
numerous elongated thread-cells, arranged in transverse rows 
perpendicularly to the wall, and flanked on each side by a longi- 
tudmal series of larger oval thread-cells ; and, finally, a terminal 
cylindrical thread lull of small rounded thread-cells. I shall 
term the first of these regions the pedicle, the second the sac- 
cuius, and the third the Jilament The muscular band of Phv- 
salia is partially represented by two pairs of muscular cords, 
which, according to Leuckart, lie in the Uiin wall of the sacculus. 
In the contracted state the sacculus and the filaments are thrown 
into spiral coils. The structure of the tentacles of Ualisterm/ma 
is essentially the same, except that they are provided with a 
more complex muscular apparatus. The tentaicula of the GaXy- 
cophoridcB resemble those just described, and arise either from 
the base of the gastric division of the pol3rpite, close to the 
pedicle, or from the latter itself. The larger oval thread-cells 
are confined to the distal end of the sacculus, which is usually 
bent so as to have a half-moon shane, the thick wall forming the 
convexity. The filament is coiled up into a dose spire, folded 
against the straight thin wall ; and where it joins the sacculus 
the points of five or six oval thread-cells commonlj^ project like 
those of the rowel of a spur." Where the pedtmcle joms the sac- 
culus it exhibits a small dilatation, which Professor Huxley 
considers to be the rudiment of the involucrwm, Leuckart de- 
scribes a structure in the sacculus of the Galycophoridoe which he 
terms the angel band. According to him it is a simple, but 
strong and sharplv-defined muscular cord, which is folded in 2dg- 
zags, and lies in tne posterior (thin) wall of the canal of the sac- 
culus, partly covers it at the sides, and then appears to be coiled 
almost spirally around it. The proximal end passes gradually 
into the pedicle, while the distal extends as fiEir as the b^inning 
of the filament. In Praya and Hippopodvus this cora has a 
diameter of about ^^tk of an inch, and differs in no essential 
respect from the muscles in other parts of the body, es^cially 
in the stem, sdthough at times a slight transverse striation can 
be detected in it. In Diphyes, and still more in Abyla, however, 
this muscular cord gradutJly becomes thicker during its course, 
BO as even to attain as much as ^J^th of an inch in Abyla, and 
therewith assumes a veiy distinct transverse striation, so that, 
especially in Ahyla, it might be compared to the most beautiful 
transverselv striated muscular fibres. No nuclei can be observed 
in this cord, nor can its sheath be distinguished from its con- 
tents. It appears as if the transverse striation were caused b^ a 
regular jointmg, for the edges of the cord are completely in- 
curved at intervals, corresponding with the constrictions between 
the joints. In Abyla, furthermore, this muscular filament is but 
little flattened, and becomes triangular in many places by the 
mutual pressure of the super-imposed folds. If one of the thin 
edges be accidentally turned directly towards the microscope, the 
trsuisverse striation readily leads one to suppose that two series 
of transverse rods are imbedded in the cora. Notwithstanding 
what Leuckart says, it is very doubtful if this is really a striated 
muscular band. In the tentacles of Stephanomia, which in many 
respects resemble those of Halistemma, a new part makes its 
appearance in the shape of a sort of hood, which is developed at 
the junction of the pedicle with the sacculus, and encloses the 
latter like a cup. Huxley terms this the involucrum. It is a 
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solid lamellar process of the ectoderm, containing no internal 
cavitj^. The sacculus is very long and spirally coiled, terminates 
in a single filament, and has a well-developed muscular band in 
its thin wall. In the genera Agalma and Athorybia the invo- 
lucrum has become much larger in proportion to the sacculus, 
and the latter is terminated, not by a single filament, but by two 
filaments, between which the sacculus ends in a clear, thin- 
walled median lobe devoid of thread-ceUs. Finally the tenta- 
cular branches attain their utmost complexity in Physophora, 
the spheroidal involucrum here completely investing the sac- 
culus, which lies coiled up within it In their younger state, 
however, they exactly resemble those of the tentacles of the 
CalycophoridcB, that is, they commence as simple C83cal, double- 
wallea processes of the stem, which gradually elongate and 
develope into three well-defined portions. One of the walls of 
the median division is much thickened ; and rows of donated 
thread-cells disposed vertically to its plane are developed in it. 
The distal division remains short, ana acquires small thread- 
cells only. The proximal division elongates into a slender 
pedicle devoid of thread-ceUs for the greater part of its length. 
Where it meiges into the middle division it dilates, and contains 
lar^e as well as small thread-cells. Similar thread-cells make 
their appearance in the proximal end of the median division. 
Thus far the development of the tentacles corresponds to those 
of Diphyes, and it is evident that the basal division, c* c^fig^ 16, 
corresponds to the pedicle and involucrum, the middle division, 
c*, to the sacculus, and the distal, c^, to the filament {Fig, 16.) 
On further developing the sacculus lengthens, and becomes 
coiled upon itself, whne the involucrum dilates and acquires a 
quadrate outline. In a further stage the involucrum, (^,Jtg, 17, 
nas become immensely dilated so as to form a sort of hemi- 
spherical cup closed on all sides, except one small aperture through 
which protrudes the three lobes into which the extremity of the 
filament, c", is divided. This stage is shown in Jig, 17. 

The structure of this involucrum differs from that of the cor- 
responding part in Stephanomia and Agalma, inasmuch as it is only 
partially formed by the lamellar expansion of the ectocyst; the 
greater part of its wall being constituted by a cup-shaped dilata- 
tion of the pedicle itself, from whose edges the proper involu- 
crum rises. As a consequence of this enlargement of the pedicle 
the attached end of the sacculus, distinguishable at once by its 
large oval thread-cells, has been carried to the distal extremity 
of the involucrum instead of remaining at its proximal end. 
And at the same time as the sacculus has increased in length 
far beyond the diameter of the sac, it has become coiled into a 
heUx with several turns. They are still far removed from their 
adult condition ; more advanced stages have been described by 
Eolliker, but his description wants confirmation. In addition 
to the ordinary polypites there are some other bodies which 
closely resemble tnem when in an imperfectlv develop^ state ; 
these are termed hydrocysts, and are regarded oy some as organs 
of prehension and toudi ,* their structure and position seem to 
indicate that they may correspond to those mooified zooids met 
with in other Hydrozoan groups which are specially related to 
the process of reproduction in the same way as the ordinary 
polypite are specially related to the process of digestion. The 
hydrophyUiwm, like the hydrotheca in tne SertularidcB, serves as a 
protection to the polypite; but, although similar in function, 
the two parts are essentially distinct. The hydrotheca is a cup- 
shaped body formed entirely from the polypary, or outer layer 
of the ectoderm ; the hydrophyllium is composed of both ectoderm 
and endoderm, as shown in jfg, 15, where k is the endodenn,and 
k the ectoderm. The same figure shows how the hydrophyl- 
lium springs from the pedicle of the polypite. The hydrophyl- 
lium presents considerable variation m the different genera. In 
Diphyes it is a thin, smooth, transparent, glossy, arched plate, h, 
the edges of which overlap both above and below the point of 
attachment, fig, 13. In Ahyla it is thick, of a cuboidal or 
pyramidal form, and its edges do not overlap. In Praya it is a 
renifonn body, with four short csecal processes. In Vogtia, 
Hippopodius, and probably Spharonectes, it is absent. 

We will now return to the definition of IHphyes with which 
we commenced the survey of the group to which that genus 
belongs. If expressed in the more recently established tenns it 
woula read thus : somtUocyst nudeiform, mdistinct, situated in 
the bottom of the hydrcicium, whence proceeds the comotarc, fur- 
nished throughout its extent with polypites having at their roots 
short tentacles and a long tentacle. Nectocalyces nearly equal 
and similar ; the proximal with two distinct cavities (the hywrce- 
cium and neetosac), the distal with a single one (nectosac), with a 
round [pentagonal] aperture provided with pointed processes. 
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With the exception of the part refemng to the nectocalyces 
these characters are common to Diphyes and all the other genera of 
the same order, and consequently they are not generic characters. 
The PhysophoridcB present a great variety in form, and are best 
represented by the genus PhysopJiora. It differs from the genera 
of the GalycophoricUe in the way in which the two ends of the 
coQUOsarc are modified, and in the disposition of the various ap- 
pendages attached to the coDnosarc. A young Physopkora is 
shown in Jig, 18. It consists of a filiform coenosarc, which is 
dilated at its proximal end ; this dilatation, e, is the pneumato- 
phore, a characteristic feature of the order ; along the sides of the 
coenosarc are a number of swimming cups, g, with small cavities 
or nectosacs; while its distal end is enlarged, and the polypites, 
hydrocysts, h, with their tentacles, c, are clumped together round 
this enlargement {fg. 18, and K C. i. coL 40). The minute stnic- 
ture is essentially the same as in the othei Hi/drozoa, and need not 
be dwelt upon here. The pneumatophore of Physopkora is believed 
to differ little from that of Agalma shown in fig. 19, in which it 
has an oval form, and, like the ccenosarc with which it is con- 
tinuous, has walls of endoderm and ectoderm. Within this is a 
sac containing air, /*, which is termed the pneumatocyst. This 
sac appears to be open below, but however this may be, its cavity 
does not open below, for the endoderm, Xy which is reflected upon 
and closely adheres to its outer surface, does not stop short 
of the lips of the aperture, bat extends completely over it 
It is not tightly stretched over the aperture, but forms a sort 
of loose bag-like end, /', extending far below it. The contents 
of the pneumatocyst could be readily forced into this sac, 
but when the pressure was removed they would return again. 
The sac formed by the endoderm does not hang loosely and 
freely, but is connected with the walls of the pneumatophore by 
a number of vertical mesentery-like partitions. These terminate 
in free arcuated ed^s opposite the lower end of the endodeimal 
sac {Huxlsy), The pneumatocyst has tough, strong, elastic 
walls, which are composed of a substance resembling, if not 
identical with, chitin. In most genera it is believed to be im- 
perforate at its apex or proximal end, but in one or two, such as 
Mhi/zophysa and Physalia, it is perforate; while in Velella and 
Porpita there are several openings connecting the pneimiatocyst 
or air-bladder with the external medium. In no case is there 
any communication between the air-bladder and the cavity of 
the coenosarc. In Khizophysa the distal end of the air-bladder is 
covered with long branched processes, which project into the 
cavity of the pneumatophore. Each process is described by 
Huxley as havmg a cellular axis invested by a layer of endo- 
derm; the cells of the axis are clear and contain an opaque 
smaller cell, within which is a minute particle, x^th of an inch 
in diameter. Nothing resembling these filaments are kno>vn in 
any other genus, and there is no ground for supposing they have 
any relation to the pneumatic filaments in Velella and Porpita, 
The pneumatophore and pneumatocyst are generally similar in 
shape. In Ehyzophysa they are spheroids ; in Physopkora, elon- 
s;ated ovals ; in Agalrrui, cylinders, with narrow, mferior necks ; 
in Pkysalia, irregular pear-shaped bodies; and in Velella and 
Porpita, flattened discs. Their size also varies, being small in 
proportion to the other parte in Agalma, Physopkora, &c*, which 
generally possess swimming cups ; and large in Velella, Physalia, 
&c., in which the swimming belb are absent. In these latter 
genera the air-bladder is the most conspicuous part of the 
animal, and is far more complicated in structure than the 
smaller air-bladder of Pkysophora, &c. .In Physalia the air- 
bladder is composed of two sacs, one within the other, the upace 
between them being filled with a transparent fluid, and the 
inner sac communicating with the external medium by means of 
a pore. The coenosarc appears to be absent, or, if present, is 
only represented by the dilatation aroimd which the polypites 
and their accompanying appendages are grouped. In Velella, 
also, the coenosarc appears to be absent, or else blended with the 
air-bladder. This latter is a horizontal rhomboidal disk, sur- 
mounted by a triangular crest, the apex of which is immediately 
over the centre of the horizontal disk. When floating on the 
surface of the sea this crest is uppermost, and from its lower side 
are suspended the polypites, &c. The polypites are of two 
kinds, viz., a single large polypite, which occupies a central 
position, and a number of smaller ones which are grouped round 
it. Both the disk and crest consist of two parts, one of which 
is hard and firm, and the other is membranous. The hard part 
owes its firmness to the body, which is commonly known as the 
shell, composed of a horizontal portion continuous with a vertical 
plate. On the upper surface of the. horizoptal plate is a groove 
which crosses the crest at light angles to its long diagonsd. The 



horizontal division of the pneumatocyst consists of two thin 
laminsB passing into one another by their free edges, and united 
by a number of concentric vertical septa, between which are 
corresponding chambers filled with air. All these chambers 
communicate together by means of apertures in the septa. Of 
these each septum presents two, placed at opposite points of its 
circumference, and all nearly in the middle line oT the pneu- 
matocyst Many of the chambers also have an opening com- 
municating with the outer medium. These apertures are situ- 
ated in the proximal or upper wall of the chamber, along a line 
about midway between that of the openings just described and 
that of the vertical plate of the pneumatocyst The vertical 
plate is solid ; the concentric markings on its surface are mere 
ridges and do not indicate septa. The substance of the pneu- 
matocyst is not calcareous, as has been supposed, but, like the 
same part in Agalma, closely resembles chitin. The pneumato- 
cyst is enveloped by soft parts, which possibly represent the 
coenosarc ; at any rate, whether it does so or not it is traversed 
by a series of canals which anastomose so as to form a network 
of passages, the inner walls of which are ciliated. The distribu- 
tion of the canals on the soft parts covering the crest is aa 
follows. The innermost of the canals are nearly straight ; the 
outermost are more or less curved in correspondence with the 
free margin of the crest. Branches proceed from them, some 
of which end in coeca, while others anastomose to form a 
network. Near the termination of the vertical plate the canals 
become wider and less distinctly defined, acquire a decided blue 
colour, and pass into a canal which runs along the line of 
junction of the vertical plate with the softer membranous fringe. 
From the outer side of this canal, again, bi'anches are given off 
into the fringe, which run obliquely towards its margin, and in 
their course give off wide cascal processes on each side, which 
rarely anastomose. Near the edge of the fringe the ends of all 
the branches are connected by a blue marginal canal, which 
gives off numerous short caeca on its outer side (Huxley). There 
are also similar canals in the soft parts covering the upper sur- 
face of the horizontal plates ; and here also they form a network, 
accompanied by a marginal canal. All these canals communi- 
cate with other canals on the distal or under surface of the 
horizontal disk, and through them with the cavities of the poly- 
pite. These canals seem to correspond with the cavity of the 
CG^nosarc in Coryne, &c., and also with the chymiferous canals in 
the disk of the Medusidai. The pneumatophore of Porpita re- 
sembles that of Velella in enclosing a hard chitinous pneumato- 
cyst, composed of air-containing foraminated chambers, com- 
municating with one another and \\dth the exterior, and of an 
investing soft part, traversed by anastomosing canals, which are 
in communication with the cavities of the polypites suspended 
on the lower sides of the flat horizontal disk. 

The pol3mite8 do not differ greatly from those of the Calyco- 
pkoridce, and, like the hydrocysts and nectocalyces, do not seem 
to require any special notice ; but somewhat must be said about 
the hydropkyllia. These organs are absent in a great many 
genera, and in those which possess them they present marked 
variations in their structure, the way in which they are attached, 
and in their relation to the other appendages. '' In Aihorybia 
they are foliaceous ; in Apoltmia, clavate ; in Agah)ia, thick and 
wedge-shaped. Their surface is smooth in some genera, in 
others angular and ridged. Generally they are arranged in 
whorls, fii Apolemia they are proximal to all the other ap- 
pendages in each separate grou]), and here, as in Halisteimna 
and Stepkanomia, they become connected with the coQUosarc by 
more or less distinct pedimcles. In Agalma the attached apex 
of each is pierced by a duct which terminates in a csecal phyllo- 
cyst about the middle of the hydrophyUium, while its opposite 
end opens into the somatic cavity. In Forshalia the nydro- 

?hyllia are attached directly to the pedimcles of the polypites. 
he graceful Athort/bia rosa^cea possesses from twenty to forty of 
these organs, inserted in two or three circlets, immediately below 
the pneumato^st, and above a much smaller number of i>ol3rpite8. 
In all other Pkysopkorida with hydrophyUia, nectocalyces also 
are present; but Athoryhia, though destitute of the latter append- 
ages, has the power of alternately raising and depressing its hy- 
drophyUia so as to render them agents of propulsion" (Greene). 

On referring to the definitions of the genera of tne Pkyso^ 
pkoridce in the article Acalbpbue, R C, we find that De Blain- 
ville, the author of most of them, entirely misunderstood the 
functions of the various parts. This may be illustrated by 
Pkysophora, which is thus defined : the terms in brackets are the 
modem (nmonyms. Body [coQUOsarc] more or less elongated, 
cylindroia, hydatiform [pneumatophore] in its anterior [proxi- 
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mal] part, provided l»low with two eerieB of Tetdcular divewi- 
form bodies [awimming bells] with n regular aperture, and 
behind with a variable number of very diverse cinhiform pro- 
dnctiona, two of which [long tentacles and hydrocyata] are 
longer and more complex tlum the others; mouth at the ex- 
tremity of the hjdatiform part ; aauR tenniital. In this deacrip- 
tion the terms anterior and behind shonld be replaced bv their 
oppoeiteB. That an accurate knowledge of the morphological 
podtion of the animal is essential to accurate definition in 
clear, for otherwise De Blainville would not have placed the 
mouth where he has. When the Phi/tophora is floating, the air- 
bladder is uppermost, and when swimming, it is foremost; and 
hence it was, aouhtless, concluded that this was the anterior end. 
In Phyi^hera there is no aperture in the air-bladder, and con- 
sequently nothing that can oe called a mouth; in some other 
genera there is an aperture, bnt, as we have seen, this communi- 
cates with the air-vessel only. The anus of De Blainville 
appeara to be the oral aperture of the central poljpite. Similar 
remarks apply to all the other definitions ; and in some of them 
other erroTS require to be pointed out The so-called branchias 
in Phytalia are probably tentacles ; the two orifices mentioned 
do not exist, and the so-called organs of generation have nothing 
to do with the reproductive process; the fibriUo-capillaceons 
plate in D^ihyia is probably a hydrophyllium ; the squamous 
organs in ApoUmia are certainly hydrophjilia ; tiere is no intes- 
tinal c^ial in St^ihanomia; the gelatinous bodies in PreUnnedea 
are hydrophjilia. 

The Medvmdm is the neit order which calls for notice ; hot in 
order not to mislead, it may be at once mentioned that the great 
bulk of the si>ecies formerly assigned to it are now koown to be 
the reproductive zooids of the Corynirfu, SertularidtE, and other 
orders of Hydrozoa; and that there is little or no satisfactory 
evidence to show that any group of animals erist which produce 
eggs that develope immediately into medusae, or rather that do 
not pass through an intermediate hydraform sti^ If it should 
prove that all undergo transformation from on ova into a 
hydroid body, and then into a medusoid one, the Medvaidm will 
have to be abolished as a distinct order. And since the Mcdu- 
tidre are morphologically and physiologically more highly deve- 
loped than any of the hydroids, the distinctive characters of the 
orders would nave to be based, not solely upon the hydroids, as 
at present, but more especially upon the meduBoids. Ab perhaps 
we ought to be guided b^ the we 11 -ascertained facts rather than 
the ill-ascertained ones, it will better suit our purpose to con- 
sider the Medvtida as reproductive zooida. TheTr structure and 
modification of form will therefore be given in connection with 
the phenomena relating to genemtion. The Luctmandft will 
be better nnderstood after the Mtdnsidrt have been conridered, 
and therefore the description of them is deferred unti] after the 
section on generation, which immediately follows. 

Having thus briefly traced the development of the ova of the 
Hydrozoa, and the numerous modifications to which they give 
rise, we will now endeavour to complete the cycle of changes by 
dwelling upon the machinery connected with the formation of 
the eggs themselves. It has been already indicated that the 
normal result of n single e^ ia along aerieaof zooids of different 
forms, the earlier developed of which are non-sexual, while from 
them others arise by generation which are sexual. This is 
analogous to what occurs in plants, in which certain parts 

S caves), solely devoted to the purposes of growth, are followed 
y others (flowers) mainly devoted to the formation and fecund- 
ation of the seed. In both the plants and animals Ihe composite 
colony derives its form by a continuous process of gemmation 
or budding. In the Sertularida [Laomedea ftxaota for example), 
the first looid is a simple hydra-like body, from a certain part of 
which there is protruded a hernia-like projection, which diverces 
at a certain angle, and ultimately becomes a polypite ; this in its 
turn developes other polypites by gemmation. The ganobUa- 
tidia, or the modified polypites which cany the gonophores, arc 
developed in precisely the some way as the nutritive polypite, 
np to a, certain stage, vii., that at which the bud entirely fills 
the chitinons investment. For the sake of convenience, the 
term TtproducHvt polypite will be used as synonymous with gano- 
hlasUdxttm, and rtprodxutim tooid as synonymous with Ttiedv^a. 
In the gonoblastidinm bud the next phenomenon is the appear- 
ance of a number of cavities in the ectodermal layer; the 
cavities enlarge, meet, and by their union give rise to a canal 
which separates the ectoderm into two p^ts or layers. The 
external layer is attached to the chitinous capsule, while the 
inner one remains in connection with the endoderm. The endo- 
derm is vrithdrawn upon the blailottyU or axis of the bud, so as 



to leave a large nnoccupiwl cavity in the capsule. This space !■ 
Bnbsequently occupied by the bodies which ore developed from 
the btiistostyte, which are die sexual zooids or gonophores. In 
Hydractinia we have the central column, from the sides of 
which are developed the gonophores or egg-containing zooid, but 
no enveloping dutinous capsule is formedas in Sertwana. 

These gonophores are bmlt upon the same plan as a gynmoph- 
thalmic medusa, but in some cases the plan is evident, while in 
others it is less evident, and hence the first has been called 
fhanerocoiimic or ' manifestly bell-shaped,' and the second addo- 
codonic or ' obscurely bell-Bhaped.' There is, however, no essen- 
tial difference between them, for the one is only a higher 
development of the other; and tiie phanerocodonic gonophores 
are themselves ia most instances tlirown off as medusae, whioli lead 
an independent existence, develope ova and Epemiatozoa, and die. 

The adelocodonio gonophore is most easily atiidied in Hydrao- 
tinia echinata, in which the gonophore arises from the side of the 
reproductive polypite (gonoblastidiuni) ; its first appearance con- 
sists in a bulging out of the ectoderm, a, c, /g. 20, and endoderm, 
the cavity of the bud being in direct communication with that of 
the reproductive polypite. The ectoderm separates from the 
endoderm, and the space between them is filled with the granular 
matter, from which the ova and spermatozoa are ultimately de- 
veloped; subsequently, the ectoderm becomes differentiated into 
two layers. The gonophore enlai^es with the growth of the spa- 
dix, d, and the increasing volume of the generati^'e mass, o; the 
appearance of this moss aoon indicates the sex of the gonophore, 
for in the male it is a uniform grurauus plasma, while in the female 
the ova arc plainly visible. This is the highest stage it attains 
in this species, a stage very similar to that of Clava muUimmi* 
{Jig. 20) ; but in other genera the development is carried further. 
Thus, in Oarveia nulatu {Jig. 21) there is a distinct mesotheca, b, 
in addition to the inner and outer membranes, and the four 
canals, e, radiate for a short distance from the base of the spadii ; 
but the Eummit of the gonophore is still dosed, and there aie no 
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traceaof any oireular canals. In a higher stage represented by 
Tubvlaria tndiviia, the moBotheca is nimbly developed, and is 

K:rforated at its summit; the four radiating canals are much 
tger, and terminate in a cireular canal,/,/^. 22. There is little 
tiilference between this and a true phanerocodonic gonophore, such 
as that of Synarrym eximia {Jig. 23), in wfiich the mesotheca is 
a contractUe locomotive swimming bell, with a well-marlced 
aperture and veil ; in which the manubrium is perforated by & 
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medusoid is no longer dependent on a nutritive zooid for nouriflh- 
ment, it ia thrown off to lend an independent life. The same 
plan of development prevails throughout the Hydronoa; this 
might he illustrated by the similarity in atmcture and develop- 
ment of the gonophores, or egg-bearing Baca of GordylophoTa, &c. ; 
of the Medtuoidi of the Corynido! ; mid of the nectocalycea or 
swimming-bells of the Calycophoridie and Mtihuida ; hut such a 
comparison would take up more space than we can afford. 

As an example of the way in which the medusa is deve- 
loped, we will take A^assii'e description of it as seen in Coryne 
mvrabilit. The medusa) buds appear at two diffeient Beasona, 
, from January to Apri], and November. They originate 



_n different atages on the same polypile at the same time. The 
earlient indication of a medusa bud is a thickening of the 
exterior walls, so as to produce a alight jxapilla. This ia followed 
by a corresponding thickeuing in the inner wall. Soon after 
both walla protrude perpendicularly from tlie head, as a blind 
sac whicli retains its communiization with the digestive cavity. 
At this early stage the bud can contract and extend itself^ At 




the next stage the inner wall recedea &om the outer one at the 
apex, and assumes a cup-Bhaped form. In doubling upon itself 
the retreating fold of tbe inner wall does not press closely on all 
parts Bgainat the stationary part of the inner wall, but leaves 
four eijui-distant spoccs into which the chymiferous fluid pene- 
trates, 80 that the cup viewed from above has a four-Iobed 
appearance, each lobo having a chymiferous channel. The 
channels get longer as the cup deepens. After a time a hernia 
ariaea &oro the bottom of the cup, and the four channels press 
closely gainst it; this hernia is the rudiment of the future 
proboscis or manubrium. The portion above the probof 
still occupied by the thickened outer wall, but it soun be> 
hollowed, BO that only a thin lining is left to the cup formed by 
the proboscis. Fig. 24 represents the form at this stage. The 
outer wall, h, embracing the whole medusa bud, bends upon 
itself m at the edge (o') of the cup of the inner wall (o) ; it 
then follows the inner surface of the latter, becomes the inner- 
most of the three walls of which the umbrella is composed in 
the newly freed medusa, and passes to and over the proboscis (n), 
where it constitutes the outer wall. In this way the cup-shaped 
disk of the medusa becomes triple walled, h, a, b\ and the 
proboscis double walled, n, n'. 

While these changes have been going on, others have occurred 
elsewhere. The romating tubes have Mcome broader, especially 
at a point about half way between the base and the extremity ; 
by further broadening at this part each canal gives rise to two 
lateral sinuses, which ultimately coBleacing with the lateral 
sinnses of neighbouring radiating canals, form a continuous 
channel connecting all the canals together, and constitute the 
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circular chyiuiferous canal of the medusa. The contracting bUj^b 
of the cup formed by the middle wall in the earlier phas^ ha* 
in the present stage closed over the cup; and in doing so has 
separated the outer from the inner wall, thus severing tbi-ir 
fonner connection. These three walls constitute the septum 
which prevents all communication between the outer medium 
and the concavity of the disk. The outer and inner walla are 
still much thicker than the middle one, which is much thinner 
than in the earlier phases. The tentacles next appear, and as 
they grow longer they are coiled up within the disk, any contact 
with the inner surface of the cavity and the proboscis being pre- 
vented by the transverse septum, and communication with the 
outer medium Iwing prevented oy the thin horny sheath en- 
veloping the medusoid. The base of each tentacle ia somewhat 
swollen, in consequence of a large cavity which eviats there. 
The fluid in the radiatin)^ and circular canala is poured into Ibis 
cavity, where it is kept m constant circulation. On the outer 
side of this swelling is a small blaci mass, occupying a poBition 
corresponding with that of the eye in the adult. At this time 
the medusoid possesses considerable motive power, as is evidenced 
by the contraction and extenaion of tlie proboscia, and the violent 
jerking of the disk. This jerking motion soon enables it to burst 
the homy film, and to expand its tentacles; the transverse 
septum is then perforated, the perforation gradually enlor^s, 
and water is abundantly aupplied to the concavity of the disk. 
This leads to increased activity on the part of the medusoid, 
which expels the water by the contraction of the disk, and sucks 
it in by the expansion of the same part. It is still, however, 
attadied by a short peduncle, which gTBdually thina by wasting 
awav; when the peduncle has become very thin, the medusoida 
restlessness becomes greater; the vigour and rapidity of its jerks 
increase, and ultimately it succeeds in hberating itself as a 
medusa not more than ^ th of an inch in diameter. There is no 
trace of a nervous system, although there are certain appearances 
which have been mistaken by Agassiz and other observers for 
nervea. Agassiz himself points out that these BO-called nerves 
are the optical expression of the innermost wall of the radiating 
canals when viewed in profile. The development of this medusa 
has not been fully followed out, but a number of transition forma 
have been collected at different times, which leave little doubt 
that it is the immature form of Sartia mirabilit. Sarma belongs 
to that group of jelly fishea which Forbea called StegaiMphOialmata, 
or naked eyed; they are marked by a certain simplicity of atruc- 
ture which strongly contrasts with the group which he called 
OymnophthaiTnata, or covered eyed. The development in the 
species of the latter group differs considerably from what occure 
in Sartia and its congeners. Aartlia, the genus to which one of 
the commonest jelly fishes of the English coast belongs, wiii 
serve to illustrate the group generallv. The English species is 
named A. aurila, and was elaborately described by Professor 
Ehrenberg more than thirty years ago in his account of the 
AcalepliB of the Red Sea. There is a closely allied species, 
named A. Jlavidala, which api>earB to be the American represen- 
tative of the genus, and which is the common form on the 
weetem side of the Atlantic, as A. aurita is on the eastern 
side. Both species are nearly coterminous in their ranee north 
and south, and both are replaced towards the southern limits of 
their extension by other but nearly allied speciea. The 
American species, A. JUwidula, has been described and illus- 
trated with remarkable fulness of detail by Professor Agassiz. 
The following remarks mainly refer to this species, and arc for 
the mostpartgiven by Professor Agassiz. The aevelopment of the 
em and embryo generally resemblea that of the other Hydnaoa. 
The planula fixes itself by one end, soon after which tne four 
tentacles appear. They generally commence in two tubercles, 
which are very shortly Ster followed by two others. These 
tubercles begin in mere thickeninga of the outer wall, and 
look like small excrescences just behind where the mouth 
appears a few hours after. Immediately the mouth is formed 
it shows si^ of activity by gaping, although no food ia taken 
for a considerable period. Tne soft column and the base 
become invested with a layer of transparent amber-like aub- 
stance, the representative of the homy sheath or polypary of 
the Corynida. As growth proceeds it thickens, and developed a 
laminated character, which clearly indicates that it is composed 
of a series of excretionary layers formed from the outer wall of 
the polypite. Soon after the appearance of the sheath the 
thread-cells are developed abimdantly in the tentacles, which 
are now almost as loiw as the body. The outer wall at this 
stage is very thin, and is composed of a single layer of cella, 
except in the tentacles, which are almost entirely made up of a 
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thickening of their outer walls, while the inner wall forms as 
yet only a short basal portion ; the tentacles, even at this early 
stage, are remarkably extensile and contractile. The inner wall 
is thick and opaque, its interior surface is smooth and well 
defined, so that the digestive cavity is apparently qtiite fitted to 
commence its functions. The cells on tne intenor surface of the 
inner wall are indistinguishable from those of the outer walls, 
being, like them, simple, irregularly polyhedral, and indefinitely 
arranged. The cells m the outer wall of the tentacles gradually 
verge into one another, so that this wall from having a cellular, 
acquires a homogeneous structure. The inner wall rapidly 
developes, and soon takes on the form characteristic ot the 
adult In a somewhat older zooid the outer wall of the polypite 
still remains thin and transparent, but the cells of the inner 
wall have become quite different in form from those of the outer 
wall. They are now very lai|;e, of an irregular prismatic shape, 
and arranged with the long diameter transverse to the thickness 
of the wall — that is, at rignt angles to the axis of the zooid. It 
is five times thicker than the outer wall. The mouth also has 
imdergone great changes. It is now not a simple slit, but quad- 
rilateral, as if four-lipped ; and each lip or looe corresponds to 
a tentacle. At this phase it begins to catch prey. When the 
polypite is fully expanded it is semi-transparent, and of a uni- 
form orange-OTeyish tint, the orange colour arising from the 
reflection of the pigment cells lining the digestive cavity. When 
the body is contracted these celk are packed more closely 
together, and the orange tint is deepened. In the next stage 
four more tentacles appear at points in the intervals between 
the first four. Their origin ana growth is the same as in the 
earlier tentacles, and they become as long as the first four prior 
to a fresh set appearing. At this stage the zooid is remarkably 
like the fresh-water hydra in habit and form. The base is long 
and slender, and is not unlike a tentacle ; the lobes of the moutn 
are very active, at one time being projected separately, and at 
another being projected when appressed together, so as to form 
a short proboscis. The mouth, however, is so variable in its 
shape, that no definite form can be readily assigned to it ; but 
usually it is slightly raised above the bases of the tentacles, with 
each of its four comers projecting towards the base of a tentacle; 
frequently, however, there are three, five, or more comers, and 
these may point towards the tentacles or towards the spaces 
between them. The walls have about the same relative thick- 
nesses as in the preceding stage, but the most noticeable new 
X>oints are the following. The bases of four alternate tentacles 
are prolonged inwardly, so as to project like triangular but- 
tresses into the digestive cavity. The breadth of these proiec- 
tions nearly equals that of the base of the tentacles, and they 
extend but a short distance downwards along the wall of the 
body. They are composed entirely of cells from the inner 
wall, and correspond in position witn the bases of the first four 
tentacles. According to Siebold and Sars, they extend to the 
base of the di^tive cavity, and according to Dr. Reid they are 
hollow ; but Professor Agassiz denies the accuracy of these ob- 
servations. As these observers doubtless examined the species 
of the sea coast nearest to them, and as the European and 
American species are not identical, it is possible tnat their 
observations in each case were correct for the species examined. 
The lobes of the mouth are double bordered at this stage, owing 
to the overlapping of the edge of the outer upon the inner wall. 
The lasso cells aie not so generally dispersed, but are more con- 
centrated around the mouth and in the tentacles. The homy 
sheath,/,/^. 26, is as well developed as in any of the hydroids of 
the naked-eyed medusse, such as Uoryne or TuinUaria, The inner 
surface of the tube, as ^own in fig, 25, does not quite touch the 
stem. At its lower end, it spreads out into a broad base, and 
is directly connected wi^ the bottom of the pedicle, c\ by several 
small slender conical props,/*. Passing upwards, it thins out, and 
terminates just above liie base of the cup-shaped head,/*. This is 
the earliest period at which Professor A^^assiz has seen the zooid 
take food. Some of the embryos are quite destitute of a sheath, 
and tiiese are frequently foimd progressing from place to place 
on their tentacles, just like a frec^-water Hydra, In the next 
stage there are usually 16 tentacles developed, and this appears 
to be the normal number in A, flavidtUa, out occasionally there 
are 20. The buttresses remain constant in number, but acquire 
greater thickness and breadth. This constancy in number and 
X>o8ition affords a ready clue in determining the ages of the 
tentacles in the adult zooid. 

In this state the zooids remain for a certain period, each one 
giving rise to others by gemmation from the sides, or frx)m 
aetached portions of the bam; and thus a closely crowded colony 



is formed. Professor Agassiz does not state at what period the 
zooid undergoes the changes which will be next described, but a 
colony of the English species. A, aurita, which has lived in an 
aquarium for several years, has given off medusae at intervals 
of three years. Whether this is a normal phenomenon, or 
whether the throwing off of medusas is more frequent in the sea- 
bred individuals, we have not been able to ascertain. However, 
at a certain age, and during the warmer months of the year, a 
well-marked constriction appears just below the tentacles, gra- 
dually deepens, and by the tune it has extended about hsdf way 
to the centre of the body, a second constriction appears at a 
distance below the first, about equal to the combined thickness 
of the walls of the body. This in its turn gradually deepens, 
and when it has reached about half way towards the centre, a 
third constriction appears ; and this process is continued until 
about 13 constrictions have been formed. While the lower 
constrictions are forming the upper segments are undergoing 
certain changes. The uppermost segment bears the tentacles, 
and does not change ; and the second segment is always more 
forward than any of the others. As the changes are the same in 
all the segments, we shall confine our attention to the second 
segment only. When the constriction has penetrated a certain 
depth, the edge of the segment becomes first wavy, and then 
deeply notchea, while the segment is divided into eight lobes, 
arranged at equal distances, and separated by sinuses which 
occupy as mucn space as the lobes uiemselves. The segment 
becomes somewhat depressed in the centre, so that it has a shal- 
low saucer-shaped figure. The eight lobes soon become pointed, 
or rather papillate, and increase in width, so that they soon 
occupy more space than the intervals between them. The 
papilla acquires a definite outline, and increasing in size, appeara 
like a lobule at the end of the larger one. Soon after the lai^e 
lobe expands on either side of the lobule, and while the lobe as 
a whole increases in size the terminal projections also become 
more and more prominent until they form oval lappets as long 
as the main part of the lobe itself. At this stage the shape of 
the lobe might be roughly compared to a broad Y, the shank 
beinc the mainpart of the lobe, and the two branches or forks 
the lappets. Tne lobule will occupy the angle of the fork. 
After this the whole lobe elongates, the main part broadens, 
and the lobules lengthen. The lappets also broaden midway, 
and become abruptfy pointed. The lobule becomes twice as 
long as broad, ana partially hidden by the overlapping of the 
edge joining the two lappets. The lobes soon attain their greatest 
proportional length, and the lappets their widest expanse indi- 
vidually. The proboscis is four sided, and its comers project 
beyond the general outline. The digestive cavity extends by 
means of broad straight shallow channels to the base of the lobe, 
and also to each papilla. Near the base of the proboscis, and 
opposite each flat side, a group of four or five digitate bodies 
project into the digestive cavity. Just before this stage it is 
usual for the segment to commence a violent jerking movement, 
which it repeats at frequent intervals, which become shorter 
and shorter until it has effected its release, and has become an 
actively swimming independent zooid. All the other segments 
pass through the same onanges, and each in turn liberates itself. 
So far as we know, no observer has been able to detect how the 
first medusoid (as each segment is called while attached) sepa- 
rates itself from the one below it A^s^eissiz suggests that me 
constriction cuts through where the lip of the proboscis of the 
lower one is fixed to the disk of the one above it. In a previous 
part of this article it was stated that the upper side of the 
medusa was the proximal side, and corresponded with what is 
the lower end of a hydra when attached to the upper surface of 
a stone. The position of the segment or medusoid is one of the 
facts which proves this. In developing it will be recollected 
that the segment acquired a saucer-shaped form, with the con- 
cavity uppermost ; the proboscis is attacned to ihe centre of this 
hollow, and projects oistally. The motion of the medusoid 
consists of an expansion ana contraction of the saucer-shaped 
cavity. The moment it effects its release, the medusoid, in the 
great majority of cases, turns over, and ascends towards the 
surface by what appears to be a sort of flapping action. The 
proboscis is now undermost^ and is generally so ; the upper side, 
then, is that which in the hydra form was proximal, or nearest 
the point of attachment In the E. C. vol. i. col. 26, the reader 
will find figures of the constricted hydra form, the cup-shaped 
medusoids with their lobated margins, and the newly liberated 
medusa, with its furcated lobes, its quadrilateral polype mouth, 
and what is intended for the sroup of digitate appendages 
opposite the flat sides of the mouth. The lobule is not shown. 
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The connection between these Btages was not known to the 
earlier observers, and hence their marked differences caused 
them to be regarded as distinct genera. The names are still 
used occasionally for the purpose of specifying the stage. The 
earliest stage is called hydra; the second, with the cup-shaped 
segments, scyphostomOj or strohila; and the newly liberated 
medusa, ephyra. The ephyra is the same as the adult, but with 
its parts less developed. Thus the eight lobes correspond to the 
oculiferous lobes of the full-grown forms, and the loDule is the 
rudimentary ocular peduncle. The intervals between the lobes 
represent the tentaciuiferous edge; and the broad papilla in each 
of these intervals, the marginal veiL The digitate bodies are 
the genital appendages. A few terms new to the reader are here 
mentioned, but they wiU be explained more fully presently. 

The young medusa has a diameter of about the third of an 
inch, and is in constant activity. Locomotion is effected by the 
alternate contraction and expansion of the concave disk, which 
from its form is frequently called an umbrellaj but this form is 
not so conspicuous in the young as in the adult medusa. The 
medusa is very nearly of the eame specific gravity as the water, 
and its habit IS to make a few rapid, vigorous strokes until it 
reaches the surface of the water, when it spreads out its lobes as 
widely as possible. The consequence is that it sinks very slowly, 
partly owing to the spread-out form giving greater resistance to 
descent, and partly to its reducing the specific gravity of the 
animaL If alarmed the medusa contracts itself into as small a 
space as possible so as to hasten its fall to greater depths. 

The young medusa undergoes rapid changes in form and pro- 
portion. The oculiferous lobes broaden in proportion to the 
expansion of the body, and soon occupy two-thirds of the whole 
circumference. The disk grows faster than the proboscis, which 
consecjuently appears to become smaller. The digestive cavity 
occupies the great bulk of the disk, and canals extend &om it to 
the base of the eye pedicles, and other canals pass to that part of 
tlie disk's edge that bears tentacles. The digital appendages 
are doubled in number, and are seen to be deep pouches formed 
by a continuation of the inner wall of the digestive cavity, and 
opening into the space between the two walls. The eye pedicles 
are attached obliquely to the disk, and in such a way that the 
curved pedicle projects upward , and outward so as to be in a 
position to see objects above the disk. (Fig, 26.) 

In the next stage the tentacles appear, as also another row of 
eight generative appendages. The latter are arranged in a 
curved line a short distance nearer the margin of the disk than 
the first row ; they communicate with a narrow curved furrow 
parallel to a second and broader furrow. The radiating canals 
are now united by lateral passages, which together form tne con- 
tinuous passage round the edge of the disk, which is usually 
called the marginal or circular canal. At this stage the maigintil 
veil is plainly visible as a broad, tongue-shaped membrane ex- 
tending across the interval between the eye pedicles. 

At a still higher degree of development the marginal veil 
becomes still more prominent, the roimd comers of the pro- 
boscis become converted into straight ones as if cut across, and 
the lips of the proboscis become thinner, nearer, and more 
trumpet-formed. The four buttresses stand out conspicuously 
at the four comers, and their bases extend as far as the digestive 
cavity. The radiating canals, which were straight, are now 
somewhat branched, the branches being formed by the separation 
of the upper and lower floors of the disk. The eight canals 
leading to the eyes are markedly different in form from 
those leading to the tentacle-bearing mai^in. The former 
have an equilateral triangular outline, while the latter have 
straight parallel sides. The eye is well developed, and is better 
examinea at this stage than any other, since it soon after loses 
the transparency which it has during the earlier stages of deve- 
lopment It has long been an interesting subject of discussion 
amongst zoologists whether the so-called eyes of jelly fishes were 
really organs of vision or not The evidence brought forward 
in Professor Agassiz's work seems to leave little doubt on this 
point The facts are drawn entirely from AurdiaJUwidula, but 
as they probably represent what may be seen in many other 
genera we will give the details somewhat fully. The pedicle 
nas a peculiar oblong cylindrical shape, which is broader 
in the lateral than in the vertical aspect In the first aspect it 
has the form of a long oval with a broad base, while in the other, 
fig. 26, it resembles a slightly bent finder. It is usually turned 
upwai^ds between the lappets of the lobes, and slightly raised 
above the edge of the disK, but sometimes it is withdrawn under 
the lobe. The pedicle has two walls, h^ h*,Jlg. 27, directly continu- 
ous with those of the lobe from which it arises ; in fact the eye 



pedicle is simply a solid organ occupying t^ place of a tentacle 
suspended from the under surface oi the oculiferous lobe. The 
outer wall of the pedicle has the same thickness as that of the 
lobe, except at the end, where it thins out in passing over the tip. 
In profile also it resembles the outer wall of the lohe, p f,Jig, 26, 
except near the end {Jig, 27, A-* h^ h''\ where it suddenly increases 
to a thickness twice as great as is met with near the b&se of tiie 
pedicle. In the view from above it shows a sudden increase in 
thickness at the base, but thinning towards the middle, and 
again thickening at the end as in the profile view. The cells of 
the two walls of the pedicle generally resemble each other in 
corresponding positions, but they are different in one part than 
another ; those of the eye especially have a peculiar iovm. The 
cells of the outer waU, X^, as well as those of the lobe, j^, resemble 
broad polygonal prisms placed side by side in a single layer ; 
their contents are homogeneous and transparent, nor do they 
appear to have any mesoblast, or smaller cells. At the base of 
the eye {fi^s,: 26 and 27) they decrease more or less in length 
according to the degree of expansion of the pedicle. Sometimes 
they gradually decrease in length {fi/g, 27), and are distinguiah- 
able at the end of the facets, but oftener their length suddenly 
decreases, and forms a thin layer of thin polyhedral disks over 
the eye. The cells of the inner wall are also prismatic {fi^s, 26 
and 27) variable in length, and of various aspects in different 
parts. In profile {fi^s. 26, 27) they resemble those of the outer 
wall, but when viewed from below they have a more prismatic 
columnar appearance. In either case they rapidly increase in 
len^h after entering the facetted eye, and acquire a polyhednd 
corneal form {fi^, 27, /i* h^) and a convei^ing arrangement. At 
the base Qi^) of the facets their conical form is not so apparent, 
but a little beyond this they are strictly conical, and all have 
the apex at the centre Qi^) oi the sphere. At this part another 
element appears in the form of a dark and highly refractive body 
which occupies about one-fourth of the outer end of each celL 
When seen in certain directions it looks like a thin wall, but 
a closer examination shows it to have the form of a plano- 
convex lens {fig. 28, 9 *) ; the convex face ^ is turned towards 
the outer end of the cell, and the flat face fi towards its base { ; 
the edge has a polyhedral contour, and generally has six sides, 
each of which sides fits accurately against the several sides of 
the cellj 9i7. In consequence of the lenses having a spherical 
contour these sides are not parallel to the axis of tne lens, 
but converge slightly from the anterior convex face back- 
wards, so that when viewed from behind they appear to have a 
double outline <. The anterior face )8 is separated from the 
outer end of the cell c by a shallow space 5. The hindermost of 
the flat faces is perforated by an aperture y leading into the 
cavity \ which occupies the axis of the celL This cavity is 
about one-fourth the diameter of the cell, and its sides run 
parallel with those of the celL When seen from behind this 
cavity appears to be divided into several compartments, but the 
lines which give this appearance are superficial, and confined to 
the flat face of the sides. Wben the eye is cut through the 
lenses drop out, and by careful manipulation they can be turned 
about and an accurate idea formed of their shape. Judging from 
the habits of Aurelia and other Acalephs it might be inferred, 
indeed it has been proved, that these creatures have a perception 
of light, if not endowed witibi vision, or the power of perceiving 
objects. The organ which we have described appears to have 
evervthing essential for producing a distinct image, and 
is therefore strictly speaHng an eye. Nevertheless it is 
difficult to decide if the medusa has the power of perceiving 
such images, for as yet no trace of any nervous system has been 
discovered. Notwithstanding this important apparent defect 
the fact that such beings are ^ted with what has every appear- 
ance of beinff an elal^rate piece of optical mechanism would 
incline us to believe that there is some substitute for the nervous 
system which has not yet been detected, whereby the full benefit 
of l^e organ is obtained, rather than to suppose that they 
have eyes and yet cannot use them. If the eye of Avrelia be 
compared with that of man as described imder £tb, £.C. it will 
be seen that the mechanism is in both cases subservient to the 
same general principles, and are made up of parts, which corre- 
spond to each other m function and position. The following is the 
interpretation given by Professor Agassiz. First we have Uie cell 
of the outer wall {fig, 28), with its outer face, a, for the cornea, and 
its cavity, ir, for the anterior chamber of the aqueous humour; then 
the posterior wall fi of the same cell, and the anteirior wall « of 
the cell Vf containing the lens, combined would correspond to 
the membrana papilkris, which is imperforate, as in the embryo 
of many of the higher animals. Proceeding fronX before back- 



509 



HYDROZOA. 



HYDROZOA. 



510 



wards we come to the space S, which corresponds to the posterior 
chamber of the aqueoas humour, or that which exists oetween 
the iris and the crystalline lens. Then we come to the crystal- 
line lens Oi, and nnally the contents of the cell behind, 17, cor- 
respond to the vitreous humour. As in the human eye the lens 
is a plano-convex one, that is, the anterior curve is much flatter 
than the posterior one, but in the human eye the flat side is 
foremost, while in Aurelia it is hindermost. In Aurelia the 
focus is situated at the bottom of the cell at C Nothing is 
known as to the function of the cavity a, which does not appear 
to be represented in the eyes of the higher animals. The eye of 
Cyancea is similar to that of Aurelia^ and probably the eyes of 
ail the naked-eyed medus» agree with it in the more essential 
details. 

In the next stage of development the principal changes are 
that the marginal spaces become as wide as the oculiferous lobes; 
that the distal end of the proboscis acquires two filament-like 
prolongations ; and that the proboscis shows traces of a longitu- 
dinal folding into four distinct lobes. The disk rapidly increases 
in diameter, and the indentations become more and more indis- 
tinct, so that the disk may be said to be circular in outline. 

Soon after this the special characteristics develope themselves 
rapidly. The marginal veil stiU continues to be prominent ; 
the fringes at the end of the proboscis become longer and more 
complicated ; the proboscis itself loses its thick heavy character, 
and becomes a thin-walled body, having a graceful elongate, 
tiimipet-shape, divided into four flexible looes. The sexual 
appendages mcrease in number and volume, and the marginal 
intervals now occupy nearly twice as much of the circuml'erence 
as the eye-bearing lobes. 

As development proceeds change follows change, and every 
change leads us nearer to the final result. The young medusa, 
now about half an inch in diameter, has the mai-ginal intervals 
more than twice as extensive as the eye-bearing lobes. Each 
interval now has about 14 tentacles, the marginal veil continues 
to increase proportionally as fast as the mar^nal intervals ; the 
eight radiating canals opposite to, and halt wa^ between, the 
reproductive organs, are forked from four to six times ; the digi- 
tate appendages are far more numerous, and the pouch beneath 
them is proportionally half as deep as in the adult ; and the 
fringe margin of the proboscis extends half way to the margin 
of the disk. 

When the medusa is one inch in diameter the marginal 
intervals, or those which bear the tentacles, occupy fully two- 
thirds of the circumference, and the tentacles in each segment 
number 32 ; the eye-beaiing lobes are as broad as they are long; 
the plicated concentric folds cover fully one half the diameter 
of tne disk, and extend very closely to the borders of the diges- 
tive cavity; the space occupied by the branches of the forked 
radiating canals extends as far along the circular canal as the 
length 01 the branches themselves, and. therefore it has the form 
of a triangle with a broad base ; the pouch beneath the sexual 
organs is proportionally twice as broad as in the last stage, and 
projects mucn upwards and towards the centre of the disk ; and 
finally, the lips of the proboscis are very deeply fringed, and 
the furrows in the prolongations of the comers are very deep. 
It is not necessary to follow the changes further, since there is 
little difi'erence between the medusa in this stage and in its adult 
condition beyond dissimilarity of size. 

The forecoing details will assist us in imderstanding the 
structure 01 the fully developed Aurelia, which may be con- 
sidered as a fair representative of the Acalepha generally. The 
most prominent features in the adult are a beautifully hyaline 
faintly-coloured semi-transparent disk of a somewhat flattened 
shape (resembling that of the open part of a parasol), and 
having the margin marked by a few shallow equidistant 
indentations. From the distal, or what is usually called the 
lower surface, and around the central part of it, are suspended a 
number of digitate bodies, or finger-shaped appendages, ar- 
ranged in the form of four crescents, and four corneal processes, 
with crimply wavy edges. Generally speaking, the creature 
has eight mdentations, four crescent-shaped bodies, and four 
large appendages, and it may be looked upon as being com- 
posed of four parts, all precisely alike, arranged round a 
common centre. The four large appendages are the four 
prolongations of the angles of the proboscis, and in the 
mtervais between them are the four crescent-shaped bodies 
or genital pouches. In each of the four parts there are two 
inamnal indentations, of which one is in aline with the comer 
of the mouth, while tne other is opposite the centre of one of 
the genital pouchea The line oetween- Uie comer of the 



mouth and a marginal indentation is occupied by a straight 
canal, while canals of a more complicated nature radiate 
from the genital pouch. The jwuch forms an enlarged cavity, 
from the outer walls of which arise several tubes, of which the 
central and the two extreme lateral ones proceed direct to the 
margin, while the others intercommunicate by lateral branches. 
The central canal proceeds to the eye. There are many 
analogous points between this arrangement and that found in 
Echinodenns. 

The furrovrs in the lobes of the mouth are almost obliterated 
in the adult, and the only connection with the digestive cavity 
is by narrow grooves and small apertures formed where the two 
sides of the lobe have not ouite closed together. The ovaries 
and spermaries entirely fill the space between the lobes, and are 
so arranged that the eggs can only pass into the genital pouches. 
From them they are discharged into the digestive cavity, and 
along the grooves in the lobes of the mouth, to be finally 
deposited in little hollows formed by the folds in the substance 
of the lobes. The egcs accumulate in the lobes, pass through 
their earlier stages of development, and are released as planulos 
when the lobes decompose after the death of the medusa. The 
medusse are monosexual both in Aurelia and many other genera. 
In Awrelia the females are distinguished by their stouter oral 
appendages, their more rounded dorsal outlme, the more intri- 
cate folding of the marginal fringes of the lobes, and by the 
lobes being coiled and far less pendant. At the spawning 
season the most marked distinction between the sexes is in 
colour, the ovaries of the female having a yellowish, while the 
ovaries of the male are purplish. 

The group that embraces Lucemaria and its allies is the only 
one that now remains to be considered. It has been recently 
studied by Professor H. J. Clark, who has proposed to raise the 
genus LuccTTUiria to the rank of an order, under the name 
Lucemarice, Although we have placed this group last, it must 
not be considej-ed as the most specialised of the nydrozoa. On 
the contraiy, it appears to combine the general features of 
several of the other groups, both in structure and in habits. An 
account of the iMcemance will be found under LucERNARiADiE, 
E. C, which will give a generally correct idea of the extemal, 
but many of the details respecting structure require supple- 
menting, since the relations of the LucemarioB are with the 
Hydrozoa Toihei than with Actinia and its allies. The campanu- 
late disk is homologous with the same part in the medussd, while 
the pedicle corresponds to the same part in the hydra form, or 
the earliest stage of the medusae. Associated with this combi- 
nation of parts is the power they have of being sedentary at one 
time, and locomotive at another. It may also be noticed that 
the attached end is the proximal one ; it is usually the lower- 
most when the animal is fixed, but when it is progressing from 
place to place either by means of its tentacles or by the pulsa- 
tions of its campanulate disk, it is generallv uppermost. The 
word inferior is evidently apt to mislead unless the position of 
the animal is defined, an ambiguity which does not attach to 
the word proximaL 

The peoicle is hollow, and may contain a single cavity, or be 
dividecf into four cavities or chambers by longitudinal septa. 
The disk also is hollow, and contains the digestive cavity; both 
its proximal and distal walls are composed of three layers, of 
which the inner and outer correspond to the endoderm and 
ectoderm. The middle layer is largely developed, but it pre- 
sents characteristic differences in the proximal and distal walls 
(or as Clarke and Aeassiz term them, aboral and oral). In the 
proximal this midole layer has considerable thickness, but, 
according to Clarke, it is not contractile, although it is i-e- 
markabljr elastic It is continued doMrnwards into the pedicle. 
In the distal wall it is contractile, and it preserves this character 
in its continuation into the tentacles and marginal anchors. The 
cavity of the disk is partitioned into four chambers by the union 
of its two walls along four equidistant lines, which cavities are 
continuous with those in the pedicle. In one group (Eleuihero^ 
carpidce) of the Lucemarice these chambers extend uninter- 
ruptedly from the base of the quadrate mouth (which part 
corresponds to what has been termed, the proboscis, or manubrium, 
in the medusce, and the post-buccal cavity in polypites), to that 
part of the margin of tne disk which does not bear tentacles. 
In another group {Clei8tocarpid<B) there is a membrane in each 
chamber nearly parallel to the two walls, which stretches fipom 
the point where the polype-mouth unites with the disk to nearly 
hair way towards the margin of the disk. A portion of the 
cavity is thus divided into two superposed parts, of which the 
proximal one only leads to the corresponding cavity in the 
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pedicle ; the other terminates in a cut-de-sac at the base of the 
polype-mouth. When the cuj) of a Lucernaria is looked into 
four depressions are seen, which correspond to the partitions 
between the chambers, and four elevations, which constitute 
four buttress-like masses diverging from the four angles of the 
quadrate polype-mouth. These buttresses have the same rela- 
tive position as the same parts in the hydra form of Aureliaf 
and the four chambers correspond with the four radiating canals 
which extend from the corners of the mouth in the medusa stage. 
In the Lucernaria the areas of the depressions mark the places 
of the four stronger muscular bands, and the elevations those of 
the weaker set. The muscular layer terminates in a marginal band 
of varying breadth and thickness, which forms a ring passing just 
outside the bases of the tentacles. There are eight croups of ten- 
tacles on the margin of the disk, and in each group tne outermost 
row are the oldest. They somewhat resemble those of Coryne 
in being hollow, cylindrical, slightly tapering, and in tenni- 
nating in a globular expansion, which probably serves as an 
organ of touch. The margin between the tentacles is sometimes 
simple, but sometimes it bears in young individuals eight ten- 
tacles, of which four are immediately opposite the comers of the 
polype-mouth, and four opposite the partitions. In older indi- 
viduals each of these tentacles has a number of adhesive vesicles, 
which give it a modified form, depending upon the species. Thus 
in some it is pistilliform, in others bean-snaped, in others trumpet- 
shaped, but in all it is used as an organ of adhesion and pro- 
gression ; in this respect it is analogous to the base of the 
pedicle. These oi^ans are distinguished by the term marginal 
anchors. In them, as in the tentacles, tne motive power is 
derived from the la^er of longitudinally fibrillated muscles 
situated between the inner and outer walls. The pedicle also 
has its muscular system, which is either imbedded in the 
gelatinous substance of the middle walls or stands out as pro- 
minent ridges on the inner face of it In both cases it is com- 
Eosed of four longitudinal muscular cords extending from the 
ase of the pedide to its summit, where they merge into the 
muscular laver of the disk. The sexes occur in diflferent 
individuals, but the organs of generation have the same position 
and structure in both. They consist of small sacs arranged in 
variously shaped ^ups on the inner wall of the distal side oi 
the disk. Each individual has eight groups, one situated on 
each side of every partition. &ch two separated by the 
partition form the halves of a genital organ, a feature which 
distinguishes this order from Aurelia and its allies, which have 
single generative organs. Each double group somewhat re- 
sembles the letter U in shape ; the two branches extend most oi 
the way towards the tentacles or the intertentacular margins. 
On the inner or convex edge of each double group are one or 
more rows of ligulate filamentanr bodies partially covered with 
vibratile cilia, and partly with adhesive vesicles precisely 
similar to those on the maiginal anchors. They are also studded 
with lasso cells similar in form to those of other Hydrozoa, 
The following is James Clark's classification of this order : — 

Family I. CLEiSTOCARPiDiE. 

The neighbouring halves of adioining genitals approximate 
each other, and unite at their distal ends opposite the comers of 
the quadrate mouth, and extend to or towards the four inter- 
tentacular margins which alternate with the partitions ; the 
approximate genital halves, from their axial to the distal end, 
are united by a transverse horizontal membrane which divides 
each of the four quadrant cameree of the disk into two super- 
posed spaces, the oral one of which forms & cul de sac, or 
claustrum (hence the family name, from kXc/w, I confine, 
and KapfKhSf fruit), opening at the axial end, and includes the 
genitalia. 

Qenus 1. HcUimocyathiu, Disk infundibuliform, octahedral ; 
arms produced ; pedicle tetracamerous ; tentacles in groups at 
the end of the arms, outer row pistilliform, like the marginal 
anchors, radial development of the group greater than the trans- 
verse ; marginal anchors pistilliform ; genital bands transversely 
folded, united at their proximal ends across the end of the 
intervening partition, their distal ends reach nearly to the mar- 
ginal anchors; the digitate bodies do not extend across the proximal 
end of the partitions; muscle of the pedicle four filaments, alter- 
nate with tne four cameree ; principal muscles of the disc, eight 
ligulate bands arising from the proximate ends of the partitions, 
extend to the end of each arm ; maiginal muscle broad and thin, 
forming a sort of velum which projects beyond the margin of the 
aboral side ; at the end of the arm it merges into the ligulate 
muscles of the oral side of the disk ; gelatiniform layer of the 



aboral side, and of the pedicle, continuous. Comprises one 
species only, H, platypus, Found off Massachusetts. 

Qenus 2. Craterolophus. Disk octahedral, campanuliform ; 
arms produced ; pedicle monocamerous, the camera possessed of 
ridges which form a cruciate figure at its base ; tentacles in 
groups at the end of the arms ; anchors none ; genitals tubi- 
form, with blind sac-like divisions ; pedicle muscles correspond 
to the four ridges in the camera. Two species known, C, Tethysj 
from the North Sea, and (7. convolvulus, from the coast of 
Britain. The last is the same as Lu4>emaria campanvlata of 
Johnston. 

Genus 3. Manania, Disk umieform, octahedral ; the arms 
produced ; pedicle monocamerous ; the camera simple ; tentacles 
in groups at the end of the arms, but a little within the muscular 
margin of the bell ; outer or distal row pistilliform ; the radial 
diameter of the group greater than the transverse; mai^ginal 
anchors pistilliform, situated just within the muscular maigin ; 
genitals transversely folded, teniiinating at a greater or less dis- 
tance from the margin of the bell ; the digitiform bodies accom- 
pany the united bands across the proximal end of the partitions ; 
muscles of the pedicle four, equidistant, embedded in the gela- 
tiniform layer ; principal muscles of the disk ligulate ; from 
each end of the proximal end of a partition one extends in a 
direct line to the end of the nearest ann ; marginal muscle 
ligulate, powerful, forming a ring of uniform breadth and thick- 
ness uninterraptedly all round the margin of the bell, just 
outside the anchors and the tufts of tentacles; gelatiniform l^er 
vaiiable in thickness in the bell, uniform in the pedicle. One 
species, M, auricula. This is the iMcemaria auricula of many 
authors. It has been foimd off Greenland, Norway, and Maine. 

Genus 4. Carduella, Disk umseform, perfectly circular ; arms 
none ; pedicle tetracamerous ; tentacles placed in eight distinct 
equidistant groups within the margin of the urn, and arranged 
in rows parallel to the margin, those in one row alternating with 
those in the next, and successively diminishing in size from the 
central to the outermost ones ; the radial development less than 
the transverse ; between every radial row the oral and aboral 
sides of the urn are united by a septum, so that the interior of 
the tentacles communicates with the quadrant camera of the urn 
through short radiating passages ; the marginal tentacles are 
single tentacles, whose cavity opens between a pair of septa like 
those at the base of the tentacles ; they are set up h^her and 
nearer to the edge of the urn than are tne tentacles ; the approxi- 
mated genital halves, with their respective claustra, extena half 
way or more towards the edge of tne urn, transversely plicate ; 
the digitiform bodies border the whole length of the bands ; 
pedicle muscles four, alternate with the cameras ; principal 
muscle of the oral side of the arm pennate, the partitions form- 
ing the line of divergence ; marginal muscle a single ligulate 
ring, forming a continuous thickened projecting brim to the urn, 
outside the tentacles and anchors ; gelatiniform layer con- 
spicuous, varying in thickness in the urn and pedicle. One 
species, G, eyaihxformis ; found on the coast of Britain. It is 
the same as the Depastrum cyathiforme of Gosse and the Lticer^ 
ivaria cyathiformis of Sars and Greene. 

Family II. Eleutherocarpidje. 

Each genital half projecting freely into the discal camerse, 
extends in a direct line from the inner or axial end of a partition 
to or towards the end of an arm ; the four quadrant camerse of 
the disk simple. 

Genus 1. Lucernaria, Disk broad, fuimel-form; the eight 
arms elongate in closely approximated pairs, so that the oral 
side of the disk appears quadrate ; pedicle monocamerous ; ten- 
tacles in groups on the end of each arm ; radial and transverse 
development of each group equal ; marginal anchors none ; 
genitals transversely fomedoands, which extend to the end of 
the arms ; muscles of the pedicle four, equidistant, projecting- 
like ridges or pilastera from the surface of the camerse ; the 
principal muscles of the disk ligulate, each one extending from 
the proximal end of a partition to the end of an arm ; marginal 
muscle ligulate, very thin at the base of the tufts of tentacles ; 
gelatiniform layer thin in the disk, moderately thick in the 
pedicle. One species, L, quadricomis of Mtiller and most writers, 
it is the same as the L, fascicularis of Johnston and others. It 
is widely distributed, occurring in the shallow seas off Denmark, 
Norway, Zetland, Faroe Islands, Greenland, Grand Manan Isluid 
in the Bay of Fundy, and Owl's Island in Massachusetts Bay. 

Genus 2. Calvadosia, Disk infundibuliform ; the eight arms 
nearly equidistant, prominent ; pedicle monocamerous, with four 
equidistant roundea pilasters ; tentacles in groups on the end of 
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the omiB, close to the aboral edge ; outer row pistilliform, and 
having the same function as the anchors in other genera ; radial 
and transverse diameter of the group equal ; anchors none ; 
genitals transversely folded ; bands extendmg to the ends of the 
arms ; the digitiform bodies alone extend across the proximal 
end of the partition ; muscle of the pedicle a continuous thin 
layer of transversely disposed fibrilloB, fonning a cylinder be- 
tween the outer and inner walls, and embedded in the gelatini- 
fonn layer ; the principal muscles of the disk ligulate, each one 
extending from tne proximal end of a partition to the end of an 
arm ; marginal muscle ligulate, moderately thick, but at the 
outer base of the tufts of tentacles very thin ; gelatiniform layer 
thickest at the edge of the disk, but thins out almost entirelv 
half way towards the pedicle, and then in the latter grows thick 
again where it is divided into two layers or concentric cylinders 
by the intervening muscular cylinder; the four pilasters are 
also gelatiniform, and not muscular, as are the pilasters in the 
pedicle of Lucemaria qiiadricornis. One species, (7. campanulata. 
It is the same as that called Lucemaria campanulata in the E. C. 
It has been found at Calvados, France, and various localities on 
the English coast. 

Genus 3. Haliclystiis. Disk umbellaeform ; arms more or less 
prolonged ; pedicle tetracamerous ; tentacles all alike, in groups 
at the end oi the arms ; the radial and transverse diameter of the 
groups eaual ; marginal anchors pistilliform or fabaeform ; geni- 
tals double ; the htuves of each genital distinct from each other, 
the space between their proximal ends occupied by the digiti- 
form oodies; each band extends to the base of the tentacles ; the 
saccules distinct and prominent: pedicle muscles four distinct 
equidistant cords, alternating with the four camerse, principal 
muscles of the disk pennate, diverging on each side of tne parti- 
tions ; mai^inal muscle a band of varying breadth, very thin at 
the base of the tentacles and anchors ; gelatiniform layer of 
varying thickness in the disk ; very thick in the pedicle, occu- 
pying all the space not appropiiated for the four camene and the 
four muscular cords. Three species, If, auricula, salpinx^ and 
octoradiatus. The first is found on the English coast, as also ofif 
Norway, Greenland, Anticosti Island in trie Gulf of St. Lau- 
rence, and in Massachusetts Bay ; the second is foimd off 
Maine ; and the third is the Lvx^ernaria octoradiata of Sara and 
Keferstein. 

The recognition of the polymorphic development of the 
members of this class has rendered it necessarv that all the 
forms should be taken account of in a natuml classification. 
This has been partly done by M'Crady and Agassiz, but more 
fully by AUman, whose synopsis we give below. In it he uses 
several terms which liave not been explained in a former part of 
this article. He calls those zooids which are specially organized 
for nutrition trophosomes ; and those which are directly con- 
cerned in ovular reproduction gonosomes. These terms corre- 
spond roughly to what are frequently designated the hydra/orm 
and medusaform conditions. Hydrocaulus is that portion of the 
ccenosarc which intervenes between the polypites when spaced 
apart Codonostome is the aperture of the umbrellas, when not 
sufficiently large to permit ol this cavity being used for locomo- 
tion. The generic name adopted is that wmch was first em- 
ployed, the gonosome and trophosome being regarded as essen- 
tially one in a classificatory point of view. The synopsis only 
concerns itself with those genera which belong to the orders 
Tuhularia and Campatiularia, 

The number of species in each genus is that known to Allman 
in 1864. 

Order I. — Tubularia. 

Family 1. Clavidoe, 

Genus 1. Clava, Gmelin. TropJwsome, — Coenosarc consisting 
mainly of a filiform hydrorhiza entirelv invested by a chitinous 
periderm ; hydrocaulus rudimental, and consisting of very short, 
simple, tubular processes from the free surface of the hydrorhiza, 
invested, like the hydrorhiza, by a periderm, and carrying the 
polypites on their summit. Polypites claviform, with scattered 
Ulilorm tentacula. Gonosome, — Gonophores adelocodonic, sessile, 
or on very short peduncles, borne on the body of the polypite 
at the proximal side of the tentacles. Seven species. 

Genus 2, Tubiclava, Allman, Trophosome, — Ccenosarc con- 
sisting of a well developed hydrocaulus in the form of simple or 
branched stems, which are given off at intervals from a creeping 
filiform hydrorhiza, the whole invested by a chitinous periderm. 
Polypites borne on the summit of the hydrocaulus, claviform, 
with scattered filiform tentacula. Gonosome, — Gonophores adelo- 
codonic, consisting of clusters of sporosacs, sessile on the body of 
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the polypite at the proximal side of tlie tentacula. One 
species. 

Genus 3. Campatiiclava, Allman. Trophosome, — Coenosarc 
a creeping, filiform, ramified hydrorhiza, invested by a periderm ; 
hydrocaulus undeveloped. Polypites sessile on the hydrorhiza, 
claviform. with scattered filiform tentacula. Gonosome,— Qono- 
phores pnanerocodonic, sessile on the creeping hydrorhiza; 
umbrella, at the timQ of its liberation, deep bell-shaped ; manu- 
brium simple mouthed, shorter than the height of the bell 
cavity ; radiating canals four ; mai^inal tentacles two, continuous 
with two opposite radiating cancds, and having bidbous bases 
without distinct ocellus ; two intervening smaller bulbs corres- 
ponding to the other two radiating canals in the circidar canal. 
This diagnosis is based upon gonosomes, which are not fully 
grown. It is probable that in maturer individuals two additional 
tentacles originate from the intermediate bulbs, and that other 
changes may take place. One species. 

Genus 4. Turris, Lesson. Trophosome, — Coenosarc invested by 
a periderm, and consisting of a creeping filiform hydrorhiza, mth 
a rudimental hydrocaulus, which forms very short tubular pro- 
cesses, supported on the free surface of tne hydrorhiza, and 
carrying the polypite on their summits. Polypites claviform, 
with scattered tentacula. Gonosome, — Gonophores phaneroco- 
donic. The mature Medusa has a sub-cylindrical umbrella, 
with four or eight longitudinal bands ; manubrium massive, with 
a four-tipped mouth ; radiating canals four ; marginal tentacles 
numerous, each with a bulbous base, having a distinct ocellus. 
One species. 

Genus 5. CordylopJiora, Allman. Trophosome, — Coenosarc a 
creeping filiform hydrorhiza supporting a well-developed branch- 
ing nydrocaulus, the whole invested by a chitinous periderm. 
Polypites fusiform, developed from the extremities of the 
branches; tentacula filiform, scattered on the body of the poly- 
pite. Gonosome, — Gonophores adelocodonic, borne on the hydro- 
caulus, never on the polypite. Two species. 

Genus 6. Cori/de^iarium, Van Beneden. Trophosome, — Coeno- 
sarc consisting of a rooted and branching hydrocaulus, invested 
by a periderm. Polypites developed from the extremities of the 
branches, fusiform, with scattered filiform tentacula. Gonos(nne. 
— Gonophores phanerocodonic, developed from the coenosarc 
Form ol iuedusa unknown. One species. 

Family 2. Podocoryntd(e, 

Genus 1. Stylactis, Allman. Troplwsome, — Coenosarc mainly 
composed of a retiform hydrorhiza, which consists of anasto- 
mosing tubes, invested by a periderm ; hydrocaulus rudimental 
Tor absent?). Polypites claviform, with a single verticil of 
nliform tentacles surrounding the base of a conical metastome. 
Gonosome, — Gonophores adelocodonic, borne on the body of the 
polypite at the proximal side of the tentacles. Two species. 

Genus 2. Podocoryne, Sars (in part). Trophosome, — Coenosarc 
invested by a periderm, and composed of a creeping retiform 
hydrorhiza, with a rudimental hydrocaulus, consisting of very 
short, simple, tubular processes from the free surface of the 
hydrorhiza, and having the polypites developed from their 
extremities. Polypites, with a single verticQ of filiform ten- 
tacula, placed round the base of a conical metastome. Gonosome, 
— Gonophores phanerocodonic, borne on the body of the poly- 
pite at the proximal side of the tentacles. Medusa, with a deep 
bell-shaped umbrella, a small four-lipped manubrium, four 
radiating canals, and eight marginal tentacles, with bulbous 
bases, but destitute of ocelli. Two species. 

Genus 3. Corynopsisy Allman. Trophosome, — Hydrorhiza 
ramified and creeping; hydrocaulus rudimental or absent. 
Polypites claviform, with a single verticil of filiform tentacula 
surrounding the base of a conical metastome. Gonosome, — Gono- 
phores phanerocodonic, borne on the body of the polypite at the 
proximal side of the tentacular verticil. Medusa at tne time of 
liberation deep bell-shaped ; manubrium not reaching the orifice 
of the bell, and having its mouth surrounded by four short 
tentacles; radiating canals four, each terminating distally in a 
bulb, from which are developed two tentacles, each with a dia- 
tinct ocellus at its base. One species. 

Genus 4. Diplura, Greene. Trophosome, — Polypite supported 
on the summit of a simple hydrocaulus, with a branched and 
creeping (?) hydrorhiza ; periderm (?) ; tentacles fiUform in a single 
verticil (?) near the distal extremity of the body. Gonosome, — 
Gonophores phanerocodonic, on simple peduncles, which arise in 
a verticil from the body of the polypite at the proximal side of 
the tentacles. Medusa deep bell-shaped, with moderate sized 
manubrium ; radiating canals four, each terminating in a bulbous 
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expansion at the point of intersection with the circular canal ; 
from one of these marginal bulbs two long tentacles are deve- 
loped ; the rest of the margin is destitute of tentacles. 

Family 3. Hydractinida. 

Genus 1. Hydractinia, Von Beneden. Trophosome. — Ccenosarc 
forming a continuous expansion whose free surface is destitute of 
periderm, but whose deeper narts consist of an areolar mass of 
freely intercommunicating tubes, which are each invested by a 
distinct periderm, and are adnate to one another. Polvpites 
claviform, developed at intervals from the free naked surface of 
the coenosarc; tentacles filiform, approximated into a single 
verticil round the base of a very contractile and mutable metas- 
tome. Gonosome. — Sporosacs supported on gonoblastidia, which 
arise, like the polypites, from the naked free surface of the 
coenosarc, are destitute of tentacles, and terminated by spherical 
clusters of thread cells. Two species. 

Genus 2. Rhizocline^ Allman. Trophosome, — Coenosarc forming 
an adherent stratum, supported by a solid chitinous expansion. 
Polypites developed at intervals from the free surface of the 
coenosarc ; tentacles filiform, in a single verticil round the base 
of a conical metastome. Gonosome, — Gonophores phanerocodonic, 
sessile on the free surface of the coenosarc ; umbrella, at the time 
of liberation, deep beU-shaped ; manubrium large, with a four- 
lipped mouth, but not extending beyond the margin of the 
nnibrella ; four radiating canals continued distally by four mar- 
ginal tentacles with bulbous bases; three shorter tentacles, 
developed in each interradial space. One species. 

Family 4. Laridas, 

Genus 1. LaVy Gosse. Trophosome, — Coenosarc a creeping, fili- 
form, and anastomosing hydrorhiza, on which sessile polypites 
are developed at intervals; periderm (?). Polypites fusiform, 
with two tentacula, situated at the base of a two-lipped meta- 
stome. Gonosome not known. One species. 

Family 6. Corynidce, 

Genus 1. Coryne, Gaertner. Trophosome, — Coenosarc consist- 
ing of a simple or branching hydrocaulus rooted by a creeping, 
filiform hydrorhiza, the whole invested by a chitinous pericferm. 
Polypites developed from the summits of the hyarocaulus, 
clavate ; tentacles capitate, scattered on the body of the polypite. 
Gonos(yme, — Gonophores adelocodonic, developed from tne body 
of llie polypite. Four or five species. 

Genus 2. Spicoryney Ehrenberg ^in part). — Trophosome, 
Coenosarc composed of a simple or brancning nydrocaulus rooted 
by a creeping, filiform hydrorhiza, and the whole invested by a 
chitinous periderm. Polypites claviform, developed from the 
summits of the hydrocaulus ; tentacles capitate, scattered upon 
the body of the polypite. Gonosome, — ^Gonophores phanero- 
codonic, developed upon the body of the polypite. Umbrella, 
at time of liberation, deep bell-shaped ; manuorium moderately 
large, not reaching the mouth of tne bell, destitute of oral ten- 
tacles; radiating canals four; marginal tentacles four, with 
bulbous bases, generally furnished with an ocellus. In some 
cases the gonophores, though phanerocodonic, never become free, 
and the marginal tentacles then remain in an imperfectly deve- 
loped state. Nine species. 

Genus 3. Zcmcleay Gegenbaur. Trophosome, — Coenosarc con- 
sisting of a simple or branching hydrocaulus, rooted by a filiform 
anastomosing hydrorhiza. the whole invested by a periderm. 
Polypites claviform, developed from the summits of the hydro- 
caulus ; tentacles capitate, scattered over the body of the poly- 
pite. Gonosome, — Gfonophores phanerocodonic, developed from 
the body of the polypite. Medusa, at the time of its liberation 
from the trophosome, nearly spherical; manubrium simple- 
mouthed, not reaching the margm of the umbrella ; radiating 
canals four; marginal tentacles two, developed from the distal 
extremities of two opposite radiating canals ; two intermediate 
bulbous dilatations at the intersections of the two other radiating 
canals with the circular canal; the tentacles commence with a 
large bulbous dilatation, destitute of distinct ocellus, and are 
for the remainder of their extent closely set along their external 
sides, with the pedunculated sacs filled with thread cells ; from 
the bases of the tentactda and intermediate bulbs a caecal clavi- 
form tube filled with thread-cells extends in the waUs of the 
umbrella, near its external surface, and parallel to the corre- 
sponding radiating canal. One species. 

Genus 4. Corynitis, M*Crady. Trophosome, — Polypites spring- 
ing from an adherent base ; t^tacles capitate, scattered over the 
bSy of the polypite. Gonosome. — Gonophores phanerocodonic, 



borne upon the body of the polypite. Umbrella, deep beU- 
shaped, thick- walled, with clusters of thread-cells imbedded in. 
its walls, and with the roof of its cavity rising in four over- 
arched spaces between the radiating canals ; manubrium massive ; 
radiating canals, four; marginal tentacles four, club-shaped, with 
basal bulbs, each funushed with an ocellus. One species. 

Genus 5. Candelabrum^ De Blainville. Trophosome. — Polypites 
clavate, springing from a tubular, adherent hydrorhiza, which is 
invested by a periderm ; tentacles wart-like, scattered over the 
body of the polypite. Gonosome, — Gk)nophores adelocodonic (?), 
on gonoblastidia, which are clustered round the base of the poly- 
pite. Two species. 

Family 6. Pennaridof, 

Genus 1. Voriiclava, Alder, Trophosome, — Polypites solitary, 
borne on the summit of a simple hydrocaulus, which is attached 
by a simple, conical (?) hvdrorhiza; periderm a delicate trans- 
parent film investing the hydrocaulus and the hydrorhiza ; ten- 
tacles in two verticils, those composing the proximal verticil 
lon^ and filiform, those composing the distal verticil short and 
capitate. Gonosome unknown. Two species. 

Genus 2. Acharadria^ Strethill Wright. Trophosome, — Hy- 
drocaulus branched, with a well-developed periderm; hydro- 
rhiza (?). Polypites with two verticils of^ tentacula, those com- 
posing the proximal verticil, long and filiform, those composing 
the distal verticil, short and capitate. Gonosome unknown. One 
species. 

GJenus 3. Heteractis, Allman. Trophosome, — Polypite solitary, 
borne on the summit of a simple-rooted hydrocaulus ; two ver- 
ticils of tentacles, a proximal and a distal ; the tentacles com- 
posing the proximal verticil long and annulated, those composing 
the distal verticil short and capitate. Gonosome, — Gonophores 
phanerocodonic, borne upon peduncles, which arise from the 
Dodj of the polypite at the distal side of the proximal verticil of 
tentacles. Umbrella in the form of a shallow bell, with four 
radiating canals, one large marginal tentacle, and three rudi- 
mental ones. One species. 

Genus 4. 5tewnrftum, Dujardin. Trophosome, — Coenosarc con- 
sisting of a branched or simple hydrocaulus arising from a 
creeping, filiform hydrorhiza, tne whole invested in a periderm. 
Polypites borne on the summits of the hydrocaulus, clavate, with 
two verticils of tentacles, each verticil consisting of four ten- 
tacles arranged in a cross, the tfentacles of the proximal verticil 
filiform, those of the distal verticil capitate. Gonosome. — Gono- 

?hores phanerocodonic, developed from the body of the polypite. 
Fmbrella deep bell-shaped ; manubrium not reaching the 
margin of the bell ; mouth simple ; radiating canals four ; 
marginal tentacles four, nodulated with clusters of thread-cells, 
and with a distinct ocellus on the basal bulb. 

Genus 5. Cladonemay Dujardin. Trophosome not distinguish- 
able from that of Stauridium. Gonosome. — Gonophores phanero- 
codonic, developed from the body of the polypite. Umbrella 
deep bell-shaped ; manubrium large, with simple mouth ; 
radiating canals eight, each continued at the margin of the 
umbrella into a branching tentacle with a bulbous base pro- 
vided with tth ocellus. One species. 

Genus 6. PennarUiy Goldfuss. Trophosome. — Coenosarc com- 
posed of a symmetrically ramified hydrocaulus, rooted by a 
creeping, filiform hydrorhiza, the whole invested by a chitinous 
periderm. Polypites borne on the summits of tne branches, 
oviform, with two sets of tentacles, a proximal set filiform, and 
arranged in a single verticil round the base of the polypite, and 
a distal set capitate, and scattered on the body of the polypite. 
Gonosome. — Gonophores phanerocodonic, developed between the 
proximal and distal sets of tentacles. Umbrella deeply ovate ; 
manubrium large, but not passing beyond the orifice of the 
umbrella ; radiating canals four ; four rudimental, papillifoim, 
marginal tentacles. Two species. 

Genus 7. Glohiceps, Ayres. Trophosome, — Coenosarc rooted, 
symmetrically branched and invested by a chitinous periderm. 
Polypites claviform, with two sets of tentacles, a proxinoial set 
filiform and arranged in a single verticil round the base of the 
polypite, and a distal set capitate and arranged in one or more 
verticils, never scattered. Gonosome, — Gonophores phanerocodo- 
nic, developed between the proximal and distal sets of tentacles. 
Umbrella deeply ovate with larce manubrium ; four radiating 
canals and four rudimental, papilmorm marginal tentacula. One 
species. 

Family 7. Clavatellidce, 
Genus 1. Clavatelkij Hincks. Trophosome, — Coenosarc com- 
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posed of a ftliform branching hydrorhiza, with a hydrocaulus 
consiBting of very short, simple stems, which arise from the free 
surface of the hydrorhiza, the whole invested by a periderm. 
Polypites developed from the summit of the hydrocaulus, and 
having a single verticil of capitate tentacula surrounding the base 
of a conical metastome. Gonosome, — Gonophores consisting of 
naked ambulatory medusae, which are developed in clusters from 
the polypite near its proximal extremity. Umbrella not extended 
into a bell or disk ntted for natation ; marginal tentacles six, 
bifurcated, the outer branch of the bifurcation terminated by a 
capitulum of lar^e thread cells, the inner by a claviform enlarge- 
ment which carries a suctorial disk of attachment ; an ocellus at 
the root of each tentacle ; no lithocysts. One species. 

Family 8. Eudendridas. 

Genus 1. Eudendrium, Ehrenberg (in part). Trophosoiine. — 
Cocnosarc consisting of a well developed branching hydrocaulus, 
rooted by a creeping, filiform hydrorhiza, the whole invested by 
a chitinous periderm. Polypites developed from the summits 
of the branches, vasiform or oval, with the metastome contracted 
at its proximal and expanded at its distal extremity, so as to be 
more or less trumpet-shaped ; tentacles filiform, in a single ver- 
ticil, just below the metastome. Gonosome, — Gonophores adeloco- 
donic, developed from the body of the polypite at the proximal 
side of the tentacles, or from the hydrocaulus ; female sporosacs 
monothalamic ; male sporosacs polythalamic. Eleven species. 

Genus 2. Atractylis, Strethil) Wright (in part^. Trophosome, 
— Coenosarc consisting of a hydrocaulus in the lorm of simple 
funnel-shaped stems, which are develo|>ed at intervals from a 
creeping filiform hydrorhiza, the whole invested by a chitinous 
periderm. Polypites emerging from the summits of the hydro- 
caulus, into which they are retractile, fusiform, with filiform 
tentacula placed in a single verticil round the base oi a conical 
metastome. Gonosome, — Gonophores adelocodonic, carried on 
the sides of the hydrocaulus. One species. 

Genus 3. Bimeriaf Strethill Wright Trophosome consisting 
of a branching rooted ccenosarc invested by a chitinous peri- 
derm. Polypites developed from the summits of the branches, 
vase-shaped, destitute of metastome, and having the tentacles in 
a single verticil round the margin of the distai end of the vase- 
ahapS body. Periderm, body, mouth, and lower half of each 
of tne tentaldes, clothed in an opaoue brown membrane. Gono- 
some. — Gonophores adelocodonic, developed from the coonosarc. 
One species. 

Genus 4. Garveia, Strethill Wright. Trophosome, — Coeno- 
sarc invested by a periderm, and consisting of a oranched hydro- 
caulus, which is rooted by a filiform hydrorhiza^ and towards 
its base composed of aggregated tubes. Polypites fusiform, 
developed on the summits of the branches, and having the ten- 
tacles in a single verticil round the base of a long conical 
metastome. Chiiosome, — Gonophoi'es adelocodonic, borne on the 
summits of short branches which spring from the sides of the 
hydrocaulus. One species. 

Genus 6. Heterocordi/le, AUman. Trophosome, — Cocnosarc 
consisting of a simple or branched hydrocaulus, which arises 
from a creeping, filifonn, and anastomosing hydrorhiza, the 
whole invested oy a chitinous periderm. Polypites fusiform, 
with a single verticil of filiform tentacula roimd the base of a 
conical metastome. Gonosome, — Gonophores adelocodonic, borne 
by gonoblastidia, which are developed (solely ?) from the hy- 
drorhiza ; sporosac of the ordinary Jdnd!, destitute of tentacles 
and cilia, and incapable of locomotion. One species. 

Genus 6. Pengonimus, Sars. Trophosome, — Ccenosarc in- 
vested by a periderm, and consisting of a branching or simple 
hydrocaulus rooted by a filiform hydrorhiza. Polypites borne 
on the summits of the hydrocaulus, fusiform, with a single ver- 
ticil of filiform tentacula, which surround the base of a conical 
metastome. 6^no«(>m«.--Ck)nophores phanerocodonic, developed 
from the ccenosarc Umbrella at the time of liberation deep 
bell-shaped, with a manubrium which is shorter than the height 
of the bell cavity, and has a mouth which is simple, .or with 
four shallow lips ; radiating canals, four ; marginal tentacles, 
two or four, with bulbous bases, which are not furnished with 
distinct oceUL Eight species. 

Gtenus 7. Bougainvillia^ Lesson. Trophosome, — Ccenosarc 
consisting of a branching hvdrocaulus rooted by a filiform hy- 
drorhiza, the whole invested oy a periderm. Polypites developed 
from the summits of tl^e branches, fusiform, with a corneal 
metastome ; tentacles {diform in a single verticil round the base 
of the metastome. (TonosoTiie.— Gonophores phanerocodonic, de- 
veloped from the ccenosarc. Medusa, at the time of liberation, 



with a deep beU-shaped umbrella ; manubrium shorter than the 
height of the beU cavity, with four oral tentacles ; radiating 
canals four, each terminating at its intersection with the circular 
canal, in a bulb, from which two tentacles are developed, each 
with an ocellus at its base. Three species. 

Family 9. Dicorynidae, 

Genus 1. Diconjm, Allman. Trophosome, — Cosnosarc consist- 
ing of a branched or simple hydrocaulus, which arises from a 
creeping, filiform, and anastomosing hydrorhiza, the whole 
investea by a periderm. Polypites fusiform, with a single ver- 
ticil of tentacula 8un*ounding the base of a conical metastome. 
Gonosome, — Gonophores adelocodonic, developed upon gono- 
blastidia, which are borne either upon the hydrocaulus or the 
hydrorhiza. Spoi-osacs natatory, ciUated over their whole sur- 
face, and having two filifoi-m tentacula diverging from the 
proximal end. One species. 

Family 10. TubulariadiB. 

Genus 1. Tubularia, Linno3U8 (in part). TrophosovM, — 
Ccenosarc invested by a chitinous periderm, and consisting of a 
simple or branched hydrocaulus rooted by a filiform hydrorhiza. 
Polypites flask-shaped ; tentacles filiform, in two verticils, those 
composing the proximal verticil longer than those composing the 
distal ; distal verticil surrounding the base of a corneal meta- 
stome. Gonosome, — Gonophores adelocodonic, developed upon 
racemiform peduncles, wliich spring from the body of the poly- 
pite between the proximal and distal verticil of tentacles. 
Twelve species. 

Genus 2. Ectopleura, Agassiz. Trophosome, — Ccenosarc in- 
vested by a chitinous periderm, and consisting of a simple or 
branched hvdrocaulus springing from a filiform (?) hydrorhiza. 
Polypites flask-shaped, with fimorm tentacula arranged in two 
verticils, the proximal verticil composed of tentacles which are 
longer than those forming the distal verticiL Gonosome, — Gono- 
phores phanerocodonic, on branched peduncles, which are borne 
upon the body of the polypite, between the proximal and distal 
verticils of tentacles. Meausa, at the time of liberation, with a 
nearlv spherical umbrella ; a manubrium with a simple mouth, 
and snorter than the height of the umbrella cavity ; four radiat- 
ing canals, and four marginal tentacles ; no distmct ocelli ; the 
umbrella furnished with eight prominent longitudinal ribs 
formed of linear series of thre^ cells. One species. 

Genus 3. Hyhocodon^ Agassiz. TropAo«om«.— Coenosarc in- 
vested bv a chitinous periderm, and consisting of a simple (or 
branched ?) hydrocaulus rooted by a filiform hydrorhiza. Poly- 
pites flask-shaped, with the tentacles arranged in two sets, me 
proximal set long, and forming a single verticil, the distal snort, 
and arranged in two verticils. Gonosome, — Gonophores phane- 
rocodonic, springing directly from the body of the polypite, 
between uie proximal and &tal sets of tentacles. Medusa, at 
the time of liberation, with a deep bell-shaped umbrella, a mode- 
rate sized, simple-mouthed manubrium, four radiating canals, 
and with the aistal extremity of one of the canals prolonged 
into a single marginal tentacle with a bulbous base, but without 
distinct ocellus. One species. 

Genus 4. Corymorpha, — Sars (in part). Trovhosonie, — Poly- 
pite solitary, borne on the summit of a simple hydrocaulus, 
which terminates proximally in a conical hydrorhiza; both 
hydrocaulus and hydrorhiza invested by a very delicate, trans- 
parent, filmy periderm. Polvpites flask-shaped, with two sets of 
nliform tentacles, a proximal and a distal, the proximsJ imper- 
fectly contractile, longer and thicker than the distal, and ar- 
ranged in a single verticil near the base of the polypite; the 
distal set very contractile, forming several closely-placed, alter- 
nate, more or less perfect verticils behind a conical metastome. 
Gonosome, — Gonophores phanerocodonic, borne on branched pe- 
duncles, which spring from the body of the polypite at tiie distal 
side of the pro2amal set of tentacles. The medusa, at the time 
of its liberation, has a deep-belled umbrella, a well-developed 
simple-mouthed manubrium, four radiating canals, and a single 
marginal tentacle ; each of the radiating canals terminates, at its 
junction with the circular canal, in a bulbous expansion without 
distinct ocellus ; one of these bulbs is larger than the other, and 
from this alone the solitary tentacle is developed. Two species. 

Genus 5. Am^ilthea, 0. Schmidt. Trophosome, — Polypites 
solitary, with two sets of filiform tentacles, a proximal and a 
distal, — ^the proximal set very long and placed in a single ver- 
ticil ; the distal set very short, numerous, and scattered. Gono- 
some, — Gonophores phanerocodonic, borne upon peduncles which 
arise between the proximal and distal sets of tentacles. Me- 
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dusao with a deep bell-shaped umbrella, four radiating canals, 
and four equal marginal tentacles ^dth bulbous bases. Three 
species. . 

Genus 6. Monocaulos^ Allman. Trophosome. — Polypite soli- 
tary, borne on the summit of a simple-rooted hydrocaulus ; both 
hydrocaulus and hydrorhiza investea by a very delicate periderm; 
polypites flask-shaped, with two sets of filiform tentacles, — a 
proxmial set longer and thicker, and arranged in a single 
verticil near the base of the polypite, and a distal set shorter 
and thinner, and scattered over a zone close to the summit of 
the polypite. Gonosome. — Gonoj)hore8 adelocodonic, on simple 
or branched peduncles, which spring from the body of the poly- 
pite at the distal side of the longer tentacles. Two species. 

Qenus 7. NemopsiSf Agassiz. Trophosome. — Polypite free, 
conical, with two verticils of filiform tentacula, a proximal near 
the base, and a distal near the apex ; periderm aosent. Gono- 
some, — Gonophores phanerocodomc, on short simple peduncles 
which spring from the body of the polypite between the two 
verticils of tentacula. Umbrella deep bell-shaped ; manubriimi 
of moderate size, and furnished with four dichotomously branched 
oral tentacles ; radiating canals four, each tenninating in a mar- 
ginal bulb, while from every marginal bulb a tuft of tentacles is 
civen off, two of the tentacles in each tuft being clavate, and 
but slightly contractile, the rest filiform and very contractile, 
every tentacle carrying a distinct ocellus at its base. The gene- 
rative elements are developed in four lobes, which spring from 
the base of the manubrium, and thence extend for some distance 
along the course of the I'adiating canals. One species. 

Genus 8. Acaulis, Stimpson. Trophosome, — The entire tro- 
phosome consists of a solitary, free, subfusiform polypite, which 
at a later period becomes attached by its proximal extremity ; 
tentacles of two kinds— one filiform, formmg a single verticil 
near the proximal extremity, and subseauently disappearing ; 
the other capitate and scattered on the oody of the polypite 
towards its distal extremity ; periderm absent. Gonosome, — 
Gonophores phanerocodonic, springing from the body of the 
polypite between the filiform and capitate tentacula. Form of 
the medusa unknown. One species. 

Order II. Cahpanularia. 
Family 1. Campanulariadas, 

Genus 1. Campannlaria, Lamarck (in part). Trophosome, — 
Hydrocaulus simple or branching, rooted oy a creeping filiform 
hydrorhiza ; hydrothecsB bell-shaped, with an entire or serrated 
mai^Kin and destitute of an operculum ; tentacles surrounding 
the base of a lai^e very contractile metastome. Gonosome, — 
Gonang^um seated either on the hydrorhiza or hvdrocaulus, and 
containing phanerocodonic gonophores. Umbrella, at the time 
of liberation, deep bell-shaped ; manubrium of moderate size, 
with the mouth provided with four shallow lips, or simple ; 
radiating canals four; marginal tentacles four, with bulbous 
bases destitute of ocelli ; lithocysts eight, two in each interradial 
space, and never developed upon the base of a tentacle ; gene- 
rative elements developed in special sporosacs, which are borne 
as buds on the radiating ccmals. As the medusa advances to 
maturity the maimnal tentacles increase in number, and the oral 
lobes of the manubrium become more decided. Eleven species, 
of which seven are provisional 

Genus 2. 06«/ta, P6ron and Lesueur. 7Vc«pAo»om«.— Hydro- 
caulus branching, rooted by a creeping, filiform hydrorhiza; 
hydrotheccD beU-snaped, with an entire or serrated margin, and 
destitute of operculum ; tentacula surrounding the base of a very 
contractile, conical clavate, or trumpet-shaped metastome. 
G^<mo«ww.---Gonangia developed from the hydrocaulus, and con- 
taining phanerocodonic gonophores. MedussB very flat, so as to 
approa^ the form of a disk, with a short four-lipped manu- 
brium ; radiating canals four ; marginal tentacles numerous, with 
their roots prolonged in the form of short csecal continuations 
into the walls of the umbrella ; lithocysts two in each interradial 
apace, each lithocyst placed upon the base of a tentacle at its 
inner side. The changes imdergone by the medusa in its pro- 
gress towards maturity consist chiefly in an increase in the 
number of marginal tentacles. Four species. 

Genus 3. Laomedea, Lamouroux (in part). Trophosome, — Hy- 
drocaulus simple or branched, rooted by a creeping filiform hydro- 
rhiza; hydrothec88 bell-shaped, witn the margin entire or 
serrated, out without an operculum ; tentacular verticil sur- 
rounding the base of a very contractile conical or trumpet- 
shaped metastome. Gonosome, — Gonangium developed on the 
hydrorhiza or hydrocaulus, and containing adelocodonic gono- 



phoi*es, which never leave the cavity of the gonangium. Nine 
species. 

Genus 4 Hincksiaj Agassiz. Trophosome, — Hydrorhiza, a 
creeping network of filiform tubes, from which a short simple 
hydrocaulus is emitted at intervals ; hydrotheca) bell-shaped, 
destitute of operculum. Polypites (?). Gonosome, — Gonaugia 
borne on the nydrorhiza, and consisting of large, subcordate, 
pedunculated capsules, ^Wth a small terminal aperture, trans- 
versely ribbed on one side, smooth on the other. 

Genus 5. Gonoihyrcea, Allman. Trophosome, — Hydrocaulus 
branching, rooted by a filiform hydrorhiza ; hydrotheca well 
sliaped, with entire or serrated margin, and destitute of oper- 
culum ; tentacula surrounding the base of a large and very 
contractile metastome. Gonosome, — Gonophores adelocodonic 
Sporosacs in the form of imperfect medusae (meconidia), carrying 
round the rudimental codonostome a circle of filiform tentacula, 
and, when mature, supported on the summit of the gonangium, 
where they lie entirely external to its cavity. Two species. 

Genus 6. Trichydra, Strethill Wright. Trophosom^e, — Hydro- 
rhiza a branched and creeping thread, which sends off at intervals 
a rudimental hydrocaulus in the form of very short, tubular, 
cell-like processes, into wliich the polypites are very retractile. 
Polypites very slender and cylindrical, carrying a single verticil 
of mifonn tentacula round the base of a short conical metastome. 
Gonosome unknown. One species. 

Genus 7. Calycella, Hincks. Trophosome. — Hydrocaulus erect, 
and rooted by a filiform hydrorhiza, or creeping and adherent ; 
hydrotheccB tubular or corneal, and provided with an operculum, 
wliich is formed of converging lanceolate segments. Polypites 
cylindrical, with the tentacula verticil surrounding the base of a 
conical metastome. Gonosome, — Gonophores adelocodonic Spo- 
rosacs of female ultimately delivering their contents into an 
acrocyst. Three species. 

Genus 8. CampantUinay Van Beneden. Trophosome, — Hydro- 
caulus branching or simple, attached by a creeping filiform 
hydrorhiza ; hyarothecae with their margin continued by a 
delicate collapsible membrane, or else provided with a true 
operculum, formed by converging lanceolate segments. Poly- 
pites cylindrical ; tentacula connected by a memoranous web at 
their base. Gonosome, — Gonophores phanerocodonic. Medusa, 
at the time of liberation, deep bell-shaped, with moderate sized 
four-lipped manubrium ; radiating canals four, each terminating 
distally in a non-ocellated bulb ; marginal tentacles two, de- 
veloped from two opposite bulbs (or four, every bulb then carry- 
ing a tentacle) ; lithocysts eight, two in each marginal space. 
Two species. 

Family 2. jEquorid^. 

Genus 1. Zygodactyla, Brandt, Trophosome. — Hydrocaulus 
simple, or branched (?), rooted by a creeping filiform hydro- 
rhiza ; hydrotheca) with an operculum formed of converging 
lanceolate segments. Polypites cylindrical, with a verticu of 
filiform tentacula, connected at their base by a broad membra- 
nous web. Gonosome. — Gonophores phanerocodonic. Medusae 
with a broad, shallow umbrella, and wide and short manubrium, 
whose lips are prolonged into numerous arm-like lobes; radiating 
canals very numerous, radial and interradial, each developed 
from a bulbous base ; margin of umbrella ^vith lithocysts ; gene- 
rative elements developed cQong the course of the radiating canals. 
One species. 

Family 3. Thaumantidoe. 

Genus 1. Thaumantias, Eschscholtz. Trophosome. — Hydro- 
caulus rooted by a creeping, filiform hydrorhiza ; hydrothecae 
destitute of an operculum. Polypites with the tentacular verticil 
surrounding the base of a trumpet-shaped metastome. Gonosome, 
— Gonophores phanerocodonic Mature medusa with a hemi- 
spherictd umbrella, and short manubrium with lobed mouth 
margin ; radiating cansds four ; marginal tentacles nimierous ; 
liUiocysts absent ; generative sacs band-like along the course of 
the radiating canals. One species. 

Family 4. Leptoscyphida, 

Genus 1. Leptoscyph/us, Allman. Trophosome. — Hydrocaulus 
simple or branching, attached by a creeping filiform hydrorhiza ; 
hydrothecae with an operculum composed of converging lanceo- 
late segments. Polypites cylindrical when extended ; tentacula 
surrounding the base of a conical metastome. Chmosome. — Gono- 
phores phanerocodonic ; umbrella, at the time of liberation, deep 
bell-shaped, or conical ; manubrium pendent from a conical pro- 
jection from the roof of the umbrella, of moderate size, with the 
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mouth surrounded by four short capitate teutacula ; radiating 
canals four, each terminatiijg distally in a bulb, without evident 
ocellus, each bulb giving origin to a cluster of two or three 
tentacles ; a single marginal tentacle with a bulbous base is 
also developed from the centre of each interradial space. One 
species. 

Genus 2. Lafoia, Lamouroux. Trophosome, — Hydi*ocaulus 
creeping and adherent, or erect and rooted by a filiform hydro- 
rhiza ; hydrothecaB sessile on the hydrocaulus, or pedunculated ; 
tube destitute of an operculum. Polypites cylindrical, with the 
tentacular verticil surrounding the base of a spherico-conical 
metastome. Gonosome. — Gonophores phanerocodonic ; medusa) 
deep bell-shaped, with short manubrium, four radiating canals, 
and four marginal tentacles with bulbous bases, destitute of 
ocelli; tentacles alternately long and short; lithocysts not 
present. Four species. 

Family 5. Lineolarido!, 

Genus 1. Lineolaria, Hincks. Trophosome. — Hydrocaulus 
creeping and adherent, tube carrying the hydrothecaj from dis- 
tance to distance along its length; hydrotheoB sessile on the 
hydrocaulus, tubular, with the orifice sub-triangular, and armed 
with an ear-like projection on each side. Polypites not known. 
Gonosome. — Gonangia large, oviform, and adherent, sessile on the 
creeping hydrocaulus. Gonophores not known. One species. 

This is the proper place for an account of the distribution 
of the class, but our space will not permit of it. Many facts 
have been collected respecting the present, but a few only 
of the past, distribution. It might oe considered impossible 
that sucii soft evanescent masses as jeUy fishes could have left 
any record of their existence in ancient sedimentary deposits. 
The first steps towards their geological history have, however, 
been aflbrded us by the discovery of recognizable acalephan 
impressions on the oolitic lithographic slates of Eichstadt. 
Haeckel has distinguished four species, which he names — 
Medv^ites deperditus, M, antiquus, Rhizostomites admirandus, and 
E. lithographicus, for descriptions of which the reader is referred 
to the under-mentioned memoirs. PaUeocoryne is a still older 
genus, of the order Txihuhriay which has been fomid in the 
lower beds of the coal fields of west Scotland* 

(Allman, Report of the Thirty-third meeting of the Bntish Asso- 
ciation for the Advancement of Science, 1864, p. 351-426 ; Louis 
Agassiz, Contributions to the Natural History of the United 
StateSf vols. iii. and iv ; Reichert, Reichert wnd Du Bois Rey- 
mond^s Ardiiv.y 1866, p. 638; Allman, Philosophical Transactions^ 
1853, p. 367-384; Greene, Manual of the Cceltnterata; Huxley, 
Oceanic Hydrozoa; Clarke, Journal Boston Society of Natural 
History, vii., p. 531-567, and American Journal of Science, 
Second Series, xxxv., p. 346 ; Allman, Annals and magazine of 
Natural History, Third Series, xiii., p. 345-379 ; Haeckel, 
Zeitschrift fur fVissenschaftliche Zoologie, xv., p. 504 ; and Ne\ies 
Jahrbuchfur Mineraloaie, &c., for 1866, p. 257-292.) 

HYPERODAPEDON, a reptilian genus, remarkable for 
being one of the earliest representative types of the order 
Lacertia, for representing at a period at least as far back as the 
triassic, a structure singmarly close to that of the living Spheno- 
don, and for the interest which attaches to its true geological age 
and range. Although it does not strictly conform to the 
Lacertian order, yet the features in which it differs from the 
ideal type are anomalies therefrom, which are in part met with 
amongst living species of lizards. 

The ^enus was originally founded in 1858 upon the fragments 
of an individual from the reptiliferous sandstone near Elgin. 
The bodies of the vertebrae are amphicoelian, or slightly concave 
at both ends, in which respect it is not accordant with Professor 
Owen's definition of Lacertia, where he makes the possession 
of procoelian vertebrae a distinctive point. But several genera of 
livmg lizards, such as the Geckos and Sphenodon, have amphi- 
coelian vertebrae. The vertebrae have moderately well-developed 
neural arches and spines ; but the transverse processes to which 
the apparently single-headed ribs were attached were rudi- 
mentwy, consisting of low tubercles. The ribs had an expanded 
articular end, and a slightly double-curved outline. The skull 
was not less than seven inches in length, and tapered from a 
breadth of about five inches posteriorly to one inch at the end of 
the snout, which must have been comparatively slender. The 
extreme ends of the jaw bones appear to have had a structure 
rarely met with in reptiles. The terminal portion of the 
maxilla curved upward, and the premaxillary bone curved down- 
wards Jjke a beat, so that between the two there was a notch. 
Nothing is to be seen in the notch, but there are indications that 



a process from the lower jaw formerly fitted into it. It is pro- 
bable that this process was a tooth, anS that the premaxilla also 
terminated in one or more teeth. A similar arrangement occurs 
in the recent Uromastix and the extinct Rhynchosaunis. In Uro- 
mastix and most lizards, the premaxillaries are blended together 
into one bone ; but mHyperodapedon they are distinct, as is also the 
case in Sphenodon, The orbit was large, and the temporal fossa 
was probably bounded by two bony bars, of which the upper was 
found by the malar and the squamosal ; there are no visible 
traces oi the infra-temporal bar, but Professor Huxley believes 
that analogy renders its existence probable. Such an arch does 
occur in Rhynchosawrus, which is the genus most nearly allied to 
Hyperodapedon, so far as known. 

There are indistinct traces of the bones of the scapular arch, 
the proportions of which indicate a small fore leg. Those of the 
pelvic arch and appendages are better preserved. The femur is 
a strong, straight bone, and with the tibia and fibula, of which 
partial impressions are to be detected, was fully capable of 
sustaining the body in progressing on dry land. 

The most singular feature in Hyperodapedon is tlie arrangement 
of the dental apparatus. The palatine and maxillary bones are 
connected by lateral sutures ; the outer edge of the former bears 
at least two rows of teeth, and the inner edge of the latter supports 
one row on a ridge, the suture occupying the depression or 
groove. The lower jaw has a siugle row of teeth on each side ; 
but the teeth are so imbedded in the bone and so sharp that the 
margin of the mandible is more like a serrated knife edge. This 
knife edge, there is little doubt, worked in the groove of the 
upper jaw, so that the action of the teeth resembles that of a com- 
plicated pair of scissors. In order to make this description more 
mtelligible, we will make a few extracts from Professor Huxley's 
recent paper on the subject : — " In the winter of 1866, however, 
the Rev. Dr. Gordon sent me several specimens, among which 
one (belonging to Mr. Grant, of Lossiemouth), though a very 
much mutilated fragment of a skull, presented part of the charac- 
teristic dentigerous bones of the palato-maxulary apparatus of 
Hyperodapedon ; and my attention was at once forcibly drawn to 
the fact that the opposed faces of two of the rows of teeth were 
worn down by attrition against other teeth. These two rows of 
teeth were placed on opposite sides of a deep longitudinal 
groove, and the planes of the worn faces convergecl to the bottom 
of the groove. On looking at the original specimen, it became 
clear that this groove corresponded with the depression into 
which the oral edge of the mandible is received when the mouth 
is shut. The opposed faces of the palato-maxillary teeth had 
been worn flat by attrition against the opposite sides of the 
mandibular teeth, which work between them as a knife blade 
shuts into its handle ; and it followed that the dentary margin of 
the mandible must be worn to an edge adapted to fit into the 
groove. So far as I know, no other fossil reptile possesses any 
such peculiarities ; and thus this interesting Iragment presented 
me with new means of distinguishing the teeth and jaws of 
Hyperodapedon from those of other Reptilia, . . . It is upon 
this part of the organisation of Hyperodapedon that Dr. liloyd's 
specimens throw such important Hght. One of them, which is 
smaller and more perfect than the other, exhibits nearly the 
whole of the characteristically convex dentigerous margin, and 
excavated and outwardly inclined outer face of the palato- 
maxillary of Hyperodapedon. Its posterior margin is smooth, 
and rounded below, exnibiting the natural termination of this 
part of the bone. The inner surface is also quite smooth, and could 
not have united suturally with any other bone. The exterior 
end of the bone is broken off transversely ; but probably very 
little of it is lost As it is, it measures 1*5 inches m length, and 
the palatine surface has a width of 025 in. in front, and 0*55 in. 
behind. The section of the bone is trihedral, the outer face of 
the trihedron being somewhat concave, the inner convex from 
above downwards ; the anterior half of the upper edge is thin 
and broken ; the posterior half is a comparatively broad, longi- 
tudinally grooved, narrow [?] surface. Along the bottom of the 
groove lie three apertures, which are probably vascular foramina; 
and other such foramina lie on the inside and on the outside of 
the ridge into which the anterior half rises. One of the fora- 
mina on the inside is the commencement of a canal which 
traverses the base of the ridge longitudinally. The posterior 
half of the oral surface of the bone presents two faces, vniich are 
inclined towards one another at an obtuse angle ; the wide 
valley which they include ends abruptly in a sharply cut, narrow 
groove. On the outside of the groove Lies a single row of fifteen 
teeth anchylosed with the edge of the outer wtdl of the valley. 
The anterior eleven of these are worn down to a level with the 
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bony substance of the jaw ; the twelfth and thirteenth have their 
points ground away, while the fourteenth and fifteenth are 
entire and sharply pointed. The inner wall of the valley pre- 
sents two parallel series of teeth, one on the middle, and one on 
the extreme inner edge. Traces of fourteen or fifteen can be 
discovered in each series. Those of the middle series are, all 
but the very hindmost, worn down to the surface of the bone, 
while of the inner series the four hindmost teeth are but little 
affected by wear. The teeth of the outer series are larger than 
tliose of the inner, the base of the largest being 0*15 in. in 
diameter ; the middle teeth in each series are the largest, the 
anterior and posterior diminishing in size. The inner two series 
of teeth cannot be traced as far lorward as the outer, the inner 
wall of the anterior half-inch of this valley being so thoroughly 
ground down that it is converted nearly into a plain. It is a 
curious circumstance that at the posterior part of the inner 
surface the apices of four teeth appear as if they were about to 
protrude on this face. It is quite clear that this remarkable 
wearing down of the palato-maxillary teeth can only be ex- 
plained by their attrition against the teeth of the mandible, and 
the sharpness of the groove in the posterior half of the palatal 
surface clearly shows that these mandibular teeth were them- 
selves sharpened to a sort of knife edge. Dr. Lloyd's second 
specimen is a fragment of a larger palato-maxillaiy tone of the 
same (left) side. It is, however, smaller relatively to the ori- 
ginal size of the bone, as some of the anterior portion is broken 
away, and the posterior edge, though nearly preserved, is some- 
what imperfect. The transverse diameter of the nearly entire 
posterior end is 0*8 in. ; so that this bone is about half as large 
again as the foregoing, and belonged to an animal probably not 
more than half as large as the El^ specimen. In tnis specimen 
the outer series of teeth is double posteriorly, two large conical 
teeth making their appearance on the outer side of the four 
which remain tolerably unworn. As before, there are two rows 
on the inner side of tne groove, and anteriorly all the series of 
teeth are worn down to one flat surface with the bone which 
holds them. Mr. Whitaker's specimen from Devonshire is a right 
palato-maxillary bone of a Hyperodapedon of small size, probably 
less than that to which Dr. Lloyd's smaller specimen belonged. 
It is in an imperfect condition, but shows part of a single outer 
series of teeth and of two inner series, both completely worn 
down. The apices of four or five teeth project in two rows upon 
the posterior half of the inner face of this specimen. I purpose 
to give a full account of the Indian specimens elsewhere. At 
present I merely wish to observe that, for the most part, they 
oelong to animals of a larger size than the Elgin specimen, but 
that I have not yet discovered any grounds for regarding them 
as specifically distinct In the series sent by Dr. Oldham there 
is a fragment of a ramus of a mandible, which shows the scissor- 
edge character of the dentary mamn extremely well." 

It is remarkable that while Syperodapedon differs from all 
fossil reptiles in its peculiar dentition, it agrees in that respect 
with the Tecent Sphenodon, which is the only one amongst recent 
forms which possesses this character. 

Although the various fragments belong to individuals of 
different sizes, there is no certain indication that they belong 
to more than one species. This point, however, is not certain ; 
BO that the specific name If. Gordoni should be applied more 
especially to the Scotch specimens, since it was first given to 
them. Tlie Warwickshire specimens are from the sandstone at 
Coton End, which, there is little doubt, belongs to the triassic 
series, and in all probability to the highest part of it, or the 
Keuper. The jaws from Devonshire may be confidently assigned 
to a post- carboniferous date, and thei-e is much reason to befieve 
they also belong to the newest part of the triassic group or the 
Keuper. The Indian specimens may be triassic, judging from 
the reptilian fauna associated with them, and the stratigraphical 
position of the beds in which they were found ; but the evidence 
aoes not preclude the supposition that they may be older. The 
greatest aoubt hangs about the fragments from the Elginshire 
reptiliferous sandstone. In this part of Scotland the old red 
sandstone group predominates, and this sandstone seems to form 
part of the series, as it conforms with the underlying strata in strike 
and dip. On this ground the sandstone with its organic remains 
is regtmled by some as belonging to the old red sandstone 

Seriod. If this be the case, it must be admitted, supposing the 
etermination of the fossils be correct, that the same genus of 
reptiles, and it may be the same species, lasted from Devonian to 
tnassic times, and this would be an argument in favour of the 
possibility of tlie Indian specimens being pre-triassic. But there 
oie a few coiisidemtions which ought to prevent us from urging 



too confidently that the Scotch specimens are really of such 
extreme antiquity. The old red sandstone beds of Elgini^ire 
appear to belong to the highest part of the series as represented 
on other areas. At a lower level than the reptiliferous sand- 
stone there are whitish sandstones with remains of fishes sup- 
posed to be characteristic of the highest old red sandstone 
strata. In more southern counties the equivalent zone is repre- 
sented at Dura Den and other places, miere it is immediately 
followed by the carboniferous group. In Elginshire the next 
overljring strata are pebble beds and conglomerates, and upon 
these rest the reptiliferous sandstone. The equiv^ents of these 
beds have nowhere been discovered as forming a part of the 
old red sandstone which is manifestly below the cod. series ; 
and in Elginshire the coal group is unrepresented, neither 
occurring beneath the reptiliferous beds nor above them. Pebble 
beds and conglomerates mdicate a transgressive condition of the 
strata, and generally imply a lapse of time of considerable, but 
uncertain, duration. These sandstones, then, have not been 
correlated with any recognised portion of the old red sandstone 
series, and if correlative with any, such beds probably occupy 
a stratigraphical position intermediate between the Dura Den 
sandstone and the lower carboniferous of Fifeshire. Their 
isolation and the occurrence of the conglomerates leave room 
for suspecting they may be much newer than any part of the 
old red sandstone. In this condition of matters tne student 
can accept one of two alternatives, and decide for himself 
whether it be more probable that beds of triassic date should 
lie conformably upon others belon^g to the old red sand- 
stone period, or that the same species, at any rate the same 
genus, should have lived from the latest Devonian on to the 
latest triassic. For our own part, we incline to accept the 
former alternative, and to regard Hyperodapedon, for the 
present, as triassic. Palseontologically, Hyperodapedon appears 
to belong to the triassic period, for its nearest ally is of that 
age ; but this ally does not occur in the Elgin sandstone, 
and the reptiles which do there occur, have no more independent 
claims to be considered mesozoic than palaeozoic. As this line 
of a^ument affords some presumptive testimony in favour of 
the Devonian age of the Scotch Hyperodapedon, we will allow 
Professor Huxley to follow it up in the following paragraphs : — 
" These facts leave no possible doubt, as it seems to me, that 
Hyperodavedon is a reptile of triassic age ; but whether it is of 
exclusively triassic age or not, and therefore whether it is or is 
not competent to serve as a mark of the triassic age of the 
deposit m which it occurs, is quite another matter, and one 
respecting which it behoves us to speak very cautiously. Cro- 
codiles, with the same vertebral character as those which now 
live, and not known to be distinct even from the modem, 
restricted genus Orocodilus, lived at the epoch of the greensand, 
or, in other words^re common to two oi the great divisions of 
geological time. The like is true of the teleostean fish Beryx, 
Moreover, it has been seen that Hyperodapedon is nearly allied 
to the living lizard Sfhervodon — as nearly, I am inclmed to 
think, as to its triassic congener Rynchosaurus, And if this 
form has persisted with so little modification from the trias till 
now, why may it not have inhabited the dry land of the 
Permian, of the carboniferous, or of the Devonian epoch ? In 
discussing the question of the age of the Elgin sandstones in 
years gone by, reflections of this nature led me always to admit 
the possibility that these problematical beds might be of 
Devonian age ; for Hyperodaj^edon, Stagonolepis, and Telerpeton, 
though clearly allied to tnassic and mesozoic genera, were 
distinct from them, and had no stronger affinities with mesozoic 
Beptilia than the Proierosauria have ^which yet are palaeozoic and 
not mesozoic), or than some of the labyrinthodonts of the coal 
(e. g, Anihracosaurus) have with those of the trias. Even now 
that Hyperodapedon is distinctly determined to be a triassic 
genus^ the possibility that it may hereafter be discovered in 
Permian, carboniferous, or even older rocks, remains an open 
question in my mind. Considerations of this kind should have 
tneir just weight when we attempt to form a judgment respect- 
ing the reptiliferous strata of the Karoo in South Africa and of 
Maledi and elsewhere in India. In India Hyperodapedon 
occurs, associated with Labyrinthodonts, with Thecodont reptiles 
(some of which' have crocodilian characters), and with Dicyno- 
aonts. In South Africa Hyperodapedon has not been dis- 
covered ; but Labyrinthodont and Tjiecodont Beptilia (some of 
them crocodiliform) have been found, and, associated with 
them, abundant Dicynodonts. In England and Scotland Hy- 
perodapedon is found with Labyrinthodonts and Thecodont 
Beptilia of such distinctly crocodiliform type as Stagonolepis, 



525 



INFUSORIA, 



INFUSORIA. 



526 



but no Dicynodon has been found. In Wurtemburg, Labyrintho- 
donts and Thecodont Reptilia, some of them, like Belodon, 
eminently crocodilian, are associated together, probably with 
Dinosauria; but neither Hyperodapedon nor Dicynodon have 
yet been discovered. All tnese lour faunce are connected 
by reptilian genera which are respectively common to two of 
them: thus the British and Inoian by Hyperodapedon; the 
Indian and the African by Dicynodon ; the British and the Ger- 
man by Labyrinihodon (which, according to Von Meyer, occurs 
in Germany). The Labyrinthodonts and crocodiliform reptiles 
are common to all four. As the a^e of the beds in question is 
determined stratigraphically in Britain and in Germany to 
be triassic, it may seem over-refinement to hesitate in declaring 
the African and Indian formations to belong to the same period; 
but I confess the arguments I have mentioned lead me to 
greatly prefer some more general term, which should indicate 
a wider chronological range for the duration of the terrestrial 
fauna in question." If Ityperodapedon be of terrestrial habits, 
as the Labyrinthodonts assuredly were, the question of the age 
of Hyperodapedon manifestly has an important bearing in con- 
nection >vith the distribution of land ; for wherever its remains 
occur there old land was not far distant. The near alliance 
of Hyperodapedon with Sphenodon would imply that a wave 
of land surface had passed from Great Britain to New Zealand 
in the interval between the establishment of the two genera, 
and along this area, whatever direction it may have taken, we 



may expect to find jaw-bones of the type common to these 
genera, and of every age from the Devonian, or more probably 
triassic, up to the recent period. 

(Harkness, Quar, Jour, Geo. Soc, xx. p. 435 ; Huxley, Qtuir, 
Jour. GeoL Soc. xxv. p. 138 ; Whitaker, wid. p. 152.) 

HYPNUM. The principal genus of an oraer of pleurocarpous 
mosses, or that division in which the prevalent arrangement of 
the fruit is on the sides, not at the end, of branches. This order, 
named Hypiei, consists of plants with nodding capsules, long 
pedicles, and cylindrical stems. In Hypnum the upper margin 
of the little urn wliich contains the spores is double ; that is, it is 
edged by two circlets of sharp equidistant teeth, each circlet 
comprising sixteen teeth. The space between the two circlets 
consists of a membrane which supports sixteen keeled, or fre- 
quently perforate, processes, which alternate in position with the 
outer teeth. Between the processes are a few cilia, by which 
character, as well as by its nodding capsule, it may be distin- 
guished from Leskea. It differs from hoiheciwm in the capsule 
being curved or irregular in outline, not straight and symme- 
trical. The species are distributed nearly all over the world, 
and are very abundant in the British Isles, where they form 
dense matty coverings in consequence of the stems being imbri- 
cated and creeping in all directions over their basis of support. 
Nearly a hunc&ed species are indigenous to this country. (Lind- 
ley and Moore, Treasury of Botany), 
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INFUSORIA. Formerly this term was used to denote a very 
heterogeneous assemblage of organisms which were asso- 
ciated together mainly on the ground that they were of very 
minute size, and were abundanuy developed wherever decaying 
organic matter was associated with water. It included such 
groups as the Desmidece and the Diatomacece, which are now 
generally recognised as plants ; also the ForaminifercB and Poly- 
cysiinoBy which are regarded as groups distinct from the Infusoria 
in structure. Hence it will be seen that a large proportion of 
the article Infusoria in the Cyclopaedia deals with organ- 
isms that are now excluded from the group of Infusoria proper. 
Most of the recent additions to our Imowledge of the Infusoria 
are due to the researches of Lieberkiihn, Stein, Carter, Balbiani, 
Gegenbauer, Lachmann, Claparfede, Engelmann, and others. 

On referring to the past history of this department of science 
it will be seen that its present state has only been attained by 
the establishment and demolition of a series of false hypotheses, 
which appear to be nearer the truth the more recent they are. 
This history forms a good illustration to the law laid down by 
Dr. Whewell in his History of the Inductive Sciences that every 
natural science passes through certain stages. First knowledge 
is entirely devoid of system or order ; then follows a time of ill- 
assorted learning ; definite characters become established, fol- 
lowed by systems which are at first based on artificial, and after- 
wards on natural methods, in which physiological data gradually 
acquire more and more importance. Thus we find Trembley and 
Gleichen patiently accumulating facts without attempting any 
classification. 0. F. Mueller was the first to make such an 
attempt, which was soon followed by others, such as those by 
Lamarck and Bory de St. Vincent. Ehrenberg's system was the 
first that arranged the Infusoria into anything like order, but 
unfortunately the natural method was not adopted by him. 
Thus, for example, one of the principal characters on which 
many of his divisions rest is the presence or absence of a lorica, 
or protective sheath. The family Vorticellina of Ehrenberg is 
characterised by havinc no lorica, and the family Ophrydina is 
distinguished from it by possessing a lorica. He placed the 
genus Stentor in his Vorticellina^ but although usually Stentors 
are non-loricated, yet they do sometimes secrete a gelatinous 
sheath, so that they belong at one time to the Vorttcellir^cCf at 
another to the Ophrydince, But the principal error of his system 
was the idea that a large proportion of the Infusoria were en- 
dowed with a complicated digestive apparatus, viz., a mouth, 
oesophagus, several stomachs, and an intestine. This hypothesis 
was opposed by many persons, and amongst others Dujardin, 
who maintained that these creatures were almost entirely want- 
ing in organisation, and consisted of a homogeneous gelatinous 



substance which he termed sarcode. At first he denied the 
existence of a mouth, but subsequently he admitted its existence 
in some of the higher groups. Dujardin's theory was widely 
accepted, and found one of its chief supporters in Perty, in his 
work * Zur Kenntniss der Kleinsten Lebensformen,' 1852. He 
agreed with Dujardin in denying the existence of an outer skin 
in most of the ciliated Infusoria^ but differed from him in admit- 
ting that they possessed a ciliated cesophagus. Mever, Siebold, 
KoUiker, and others have maintained that each infusorium is a 
simple cell filled with a gelatinous substance. Although this 
view is undoubtedly erroneous, yet the supporters of it have 
contributed greatly to our knowledge of the Infusoria. In 1852 
Perty argued that these beings could not be compared to one 
cell, but rather to an agOTegation of imperfectly developed cells, 
and that their degree of oi^anisation was such that there could 
scarcely be said to oe any differentiation of tissue or organs. It 
is mainly owing to the labours of the naturalists mentioned at 
the commencement of this article that the unicellular, sarcodous, 
and polygastric doctrines as propounded by Meyen, Dujardin, 
and Ehrenberg, are now only of historical interest. 

In order to gain some idea of what an infusorium is, we will 
give a general outline of the structure of the most highly organ- 
ized group, viz., the Vorticellince. It is mainly based on the 
researches of Lachmann and Stein. In this group, then, the 
animal generally consists of a cup-shaped body supported upon 
a slender stalk or pedicle by which it is attached to some stone 
or weed. The walls of the cup-shaped body are composed of a 
firm gelatinous and apparently structureless substance, to which 
the terms parenchyma, diaphane, and cortical layer have been 
applied by various writers. Above and surrounding the diaphane 
is a thin membrane or cuticle {pellicula of Carter), while the 
general cavity of the body is occupied by a viscid fluid sub- 
stance {sarcode of Carter). The upper margin of the body is 
thickened and forms a raised edge which has been called the 
peristome. Upon the inner side of this peristome rests the base 
of a conical body the apex of which penetrates into the interior 
of the body. This body is known as the rotatory or vihratiU 
organ, from its being the seat of the cilia, whereby a rotatory 
current in the water is created. Its base is called tne disk, and 
its tapering portion the peduncle; the latter does not terminate 
in a point, but in a truncated end, the edge of which is reflected 
so as to impinge against the peripnery of the body, thereby con- 
verting the space between the rotatory organ ana the body-wall 
into a deep circular trench. The peaimcle is endowed with the 
power of contraction and extension, so that the disk can be raised 
above the upper level of the body-wall or depressed below it. 
The cuticle already mentioned not only invests the outer surface 
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of the body, but also extends over the peristome, along both 
sides of the trench and over the disk. The cilia are confined to 
the vibratile organ and are never inserted on the peristome ; 
they are also arranged in a particular way. According to Lach- 
mann and Claparfede they form a two-rowed spiral, which com- 
mences at a certain point on the edge of the disk along which it 
continues until it has nearly completed a circle. It then gra- 
dually descends on the peduncle until a depression, or vestibulum, 
in the circular trench is reached. The number of turns made 
by the spiral varies with the species ; in some it is rather less 
than two, in others it is as much as three or three and a half. 
The cilia are continued through the vestibulum and onwards to 
the end of the rudimentary alimentary canal. In this latter 
portion of the body the cilia act diflferently from, and indepen- 
dently of, those on the rotatory organ, as will be noticed presently ; 
but before doing so a few words must be said about the vesti- 
bulum. Tliis, it will be noticed, is placed at the bottom of the 
trench and in a line with the spiral of cilia. It was formerly 
regarded as the mouth ; but it is a concavity at the bottom of 
which are two apertures, one of which is the mouth, or the 
entrance to the alimentary canal, and the other, close by, is the 
anal aperture, This pit is characteristic of the Vorticdlina and 
the Opercularia. The mouth is always open, and leads into a 
canal or ccsophagus, which is freely suspended "Nvithin the 
general cavity of the body, and tenninates in an enlarged portion 
forming a kind of phai7nx. When the creature is in activity 
the disk is extended so that the water can readily enter into the 
circular trench. Each cilium on the rotatory organ has a backward 
and forward lashing action which promotes a constant current of 
water which is compelled to follow the course of the spiral, and 
consequently to strike upon the vestibulum. The stream does 
not enter the mouth, but is driven across it and the anal aper- 
ture, aJong a gradually shallowing portion of the trench, whereby 
it is conducted over the peristome into the surrounding water. 
The food of the creature usually consists of the minute particles 
of animal and vegetable matter contained in the current of 
water. The rejection or selection of the particles apparently 
depends upon tne action of the cilia in the ODSophagus, and it is 
not improbable that the setae or non-vibratile bristles in the 
vestibulum may co-operate for the same purpose, since Lachmann 
has noticed that the coarse particles which sometimes lodge 
opposite the mouth are removed by them. According to many 
authorities there is a long stout l)ent bristle which springs from 
the space between the anus and the mouth, but Professor 
Clarke has shown that it is an optical illusion. (A. N. H. 3rd 
Ser., xvii., p. 401). The finer particles which are dra\^Ti into 
the mouth rush along the oesophagus, and are confined for a 
short time in the pharynx. Here they are subjected to a sort of 
rolling action along with the water that has entered until they 
have become aggregated into a bolus. This bolus is gradually 
pushed through the aperture of the pharynx, and is intimately 
discharged into the mterior of the body. In this form it is 
known as the digestive glohtUe, A succession of similar globules 
are constantly being formed, but the amount of food they con- 
tain varies greatly. In some cases they have none. The whole 
of the interior of the body is filled with a thick mucus-like fluid, 
which is always slowly but constantly circulating. When the 
digestive globule is discharged from the pharynx it cleaves this 
mucus, and gives rise to a dear streak with two well defined 
boundary lines, which appears to have been mistidten by Ehren- 
berg for an intestine, ana by other observers as a tube or special 
canaL The globule soon loses its acquired motion and takes 
part in that of the fluid by which it is surrounded. It circulates 
without following any definite course until its contents have 
been digested, which may occupy one or more turns. The waste 
products ultimately arrive in the vicinity of the anal aperture, 
which opens and discharges them into the vestibulum. Occa- 
sionaJly particles of food are not inclosed in a globule, and these 
penetrate into every comer of the interior. Thus it would seem 
that the digestive system of the highest Infusoria does not difier 
greatly from that of the Actinia as far as the ceneral plan is 
concerned, although there is doubtless a marked diflference in the 
degree of complexity. Indeed we shall find there are several 
other close analogies between the highest of the Protozoa and 
some of the simpler members of the more highly organized sub- 
kingdom of the Coelenterata, 

when a Vorticella is alarmed a remarkable change in its form 
takes place. The peduncle contracts, and brings the disk of the 
rotatory oi^n close upon the inner edge of the peristome, thus 
shutting in the circular trench. The action of the cilia ceases, 
while the peristome contracts like a sphincter muscle, and forms 



a protective covering over the tlisk. This is frequently accom- 
panied by a sudden and powerful contraction of the stalk or 
Sedicle, which contraction is not so apparent as the effect it pro- 
uces of coiling up the stalk, and thereoy lowering the body out 
of danger. There is no doubt about the contractility, but 
whether it is or is not due to muscular action is undecided. An 
elaborate paper by M. Czermak ( * Zeits, fiir wissensch. ZooL* iv. 
p. 438), contains much evidence in favour of the presence of 
a muscle in the pedicle of Vorticella, Previous to his researches 
this part was generally considered to consist of a central filament 
(which Ehrenberg caUed a muscle), surrounded by cortical sub- 
stance. Czermak has distinguished a third element, which he 
describes as a granular layer situated between the two parts 
already mentioned. This structure has been found to exist in 
all the stalked Vorticella ; but the granular layer is sometimes 
difficult to detect : it is most highly developed in Carchenum 
polypinum and G, spectabile, Czermak shows that the contractile 
power resides only in this central filament, and explains the 
close relationship that exists between the anatomical structure of 
the pedicle and its helical form when contracted. The central 
filament and the granular layer are closely adherent to each 
other ; and the granular layer fits closely to the cortical sub- 
stance, so that any movement made by the filament must be 
shared by the pedicle as a whole. The base of the pedicle is 
composed entirely of the cortical substance, and it is by this alone 
the Vorticella adheres to foreign bodies. The filament and 
granular layer are attached to the inner surface of this basal part 
The central filament or muscle, for such it very probably is, is 
continued upwards, and forms a conical membrane in the lower 
part of the parenchyma ; this part of the body may frequently be 
seen to contract Ehrenberg stated that the peaicle muscle is 
striated transversely, an observation which has also been made 
by Leydig; but other observers have been unable to confirm this 
ODservation. In ZootJiamnium alternans the muscle is composed 
of longitudinal fibrilla). 

There are several other parts of which no mention has yet been 
made. In the parenchyma, and generally at the fore end of the 
body, close to the mouth, there is a contractile vesicle, or bladder- 
like body, which is constantly pulsating with a slow yet steady 
movement Its function is doubtful, but it is believed to be in 
communication with a series of minute vessels, and with them 
acts as a rudimentary excretory organ, according to Carter ; 
while Siebold, Wiegmann, and Lachmann, consider it to be a 
blood vascular system. There is another body which has also 
given rise to much discussion. In Vorticella it is in the form of 
a long riband, attached to the inner side of the pai'enchyma. It 
is known as the micleus, but its function has not quite been made 
out ; what little there is known about it will be mentioned 
further on, a remark which also applies to the various roundish 
bodies found in the sarcode, and known as the molectdce, granules, 
spherical cells, ovules, and spermatozoids. All these parts are sup- 
posed to be more or less connected with the process of reproduc- 
tion. 

In the highest group of the Infusoria, it is evident that the 
individuals are composed of a greater number of parts than the 
Ehizopods, and that each of these parts has its own especial 
function to perform. As in the sponges, we have a current 
created by cuia, which current is directed by a particular con- 
formation of parts into the cavity of the body ; and after 
digestion the excreta are dischai^ged by a special channel. It is 
possible that the process of digestion is effected in a similar way 
in both cases. But in the Infusoria the stomachal cavity is more 
decidedly isolated, and set apart for digestive purposes. Besides 
these organs for alimentation, they possess others for contraction, 
locomotion, reproduction, and probably excretion; so that in- 
stead of being unicellular, sarcodous, or polygastric animals, they 
are multicellular, many-tissued, and unigastric This single 
stomach is conterminous with the general cavity of the body. 
These remarks are generally applicable to all the Infusoria, 

The integumental appendages of the Infusoria vary consider- 
ably in size and shape, and would appear to be usetul aids for 
classifying them into groups taken in conjunction with other 
characters. In the lowest group a simple filament or Jtagellum 
only is present, and is used generally as an organ of locomotion. 
It moves rapidly round an imaginaiy cone, and not backwards 
and forwards in the same plane hke tne cilia. In the next group 
cilia are present along with the fla^llum. The flagella are of 
different kinds. Qenerally they consist of long, supple filaments, 
which can be readily moved in any direction, but sometimes they 
are filaments endowed with but slight powers of movement. 
They appear to difier greatly from the other kind, since they are 
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tapable of being attached to foreign objects, and contracting with 
povrerful jerks, as in the pedicle of the Vortialla, They are 
UBuall; aasociated with one or more of the ordinary kind placed 
in the anterior part of the animaL The cilia aie present in most 
Infiuoria; sometiines they are distributed over the whole of the 
1)odr, OS in Sientar, and aometimes they are confined to pai^ 
ticular parts, aa in Vortialla. Besides these we find stiff bristles 
(lelm and ttyli) and hooka (uncini), which are generally used for 
crawling over weeds, &c. Their mode of distribution in the 
various groups will be seen by reference to the classification 
given further on. We may also mention here the long processes 
of Acintta, and the fusiform bodies of JivnaHa and a few other 
eenera, although they arc perfectly distinct from the cilia and 
bristles. The former are long hollow tubes, terminating in 
suckers, and are applied to the body of the prey that may be 
caught for the puipoee of sucking out its contents. This remark- 
able power of suction removes much of the mystery with which 
these creatures have long been enveloped, and has been con- 
sidered a sufficient characteristic for separating thero, as a separate 
feniiljr, by MM. Claparede and lachmann. The latter are of a 
peculiar spindle shape, and imbedded in the substance of the 
creature. The^ are thickly distributed over the whole body ; 
each cell contains a slender resilient pointed thread, whidi can he 
emitted on irritation. In this respect they closely resemble the 
thread cells or urticating organs of the Actinia, Hydra, &c. ; at 

Csent they appear to be analogous rather than homologous 
lies. 

The digestive apporatus of 1-n.fueona presents some points of 
difference, which raustnot be entirely overlooked. In Vortictlia, 
ns we have seen, the mouth is situated in a cavity at the bottom 
of a trench, and leads into on ojsophagUB, which hangs freely in 
the cavity of the body, and terminates in an enlarged expansion or 
pharynx ; this last feature is not possesaed by most of the other 
genera. In most cases the form of the body cavity depends upon 
the external sliape ; but in Trac/i«2iiM and LatocUt it assumes a 
peculiar ramified outline. 

Nearly all the Infutoria are believed to have a mouth, although 
amongst many of the lower and smaller forms, such as the 
monads, &c., no satisfactory evidence of its existence has been 
obtained. All those which have cilia, either in their immature 
or mature state, are known to have a mouth, and in most cases 
they also have a second or anal aperture. In some genera, as tu 
VortuxUa, both apertures are situated at the bottom of the same 
cavity ; in othera, aa in Leucophryi, they are placed at opposite 
extremities of the body ; in a third group, the mouth is situated 
ventrolly, and the anal aperture uorsally, as in Chilodon for 
example ; and in a fourth group, which may be exemplified by 
Paramteium, both the anal and oral apertures, a, i, Jig. 3, are placed 
on the ventiil side. These charactera form the basis of the clas- 
sification of these creatures proposed by the late Professor Bronn 
of Heidelberg. Generally speaking the parts in tlie neighbour- 
hood of the month are ciliated, but in OhModcm and Naamla the 
cesophagUB is not ciliated. In these genera, however, it is pro- 
vided with a number of stiff bristle-like bodies which are ar- 
ranged in the form of a cone. The Acineta and its allies have 
no mouth when adult, their food being obtained by means of 
suckers. 

In alluding to the coniToctile veiicU (yetieula of Carter), it was 
mentioned that the observers who had paid most attention to the 
subject liave arrived at different conclusions respecting its fimc- 
lion. This organ forms a strongly marked feature in the Iitfu- 
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toria, and is a character common to them and the Shizopods. 
According to Dr. Wallich the contractile vesicle of the Bhiio- 
puda is essentially difllerent bom that of the Infiuoria; since in 
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the latter it possesses a true bounding membrane or wall, wliilo 
in the former there is no such membrane. This point of dis- 
tinction isj however, not sufficiently well established to be re- 
garded as uidisputable. It is found in nearly all Infutoria, and 
18 not wanting even in such forms as Eiigkna, Uvnobryon, Chile- 
moTuu, and Crypiomonat, although in them its activity is very 
slight. It is best seen in Paramecium, Banana, and Vortialla. 
The appearances presented by it at different stages of its action in 
Paramecium are represented in v, Jigs. 1, 2, 3. wlien the vesicle 
lias exjMinded to its largest dimensions it is filled with a colour- 
less 9uid, and is apparently unconnected with any vessels. As 
soon as the systole or contraction commences, a number of 
canals, arranged in a star-like form, become visible as fine 
streaks : as the systole proceeds the streaks are converted into 
lines of globular or pynform swellings, having the tapered ends 
pointing towards the vesicle ; at the termination of the systole 
the fusiformly expanded vessels only are seen. With the o 



mencement of the 






diantole the vesicle reappears, 



and when it has acquired half its full diameter we get the ap- 
pearance represented in fig. 1, in which it will be noticed the 
tapered ends are directed away from the vesicle. At the end of 
the diastole the fully expanded vedcle again appears surrounded 
by almost invisible lines. On these points most observers ore 
aereed, but they nre not so unanimous as to where the fluid goes 
when it is discharged from the vesicle. According to Carter it 
passes from the vesicle, and through the sinuses, to special 
apertures communicating with the external water. He states 
that just before death ^ese sinuses sometimes run into con- 
tinuous hyaline lines, and mav not only be seen extending in a 
radiated vascular form across ihe animalcule, but even branching 
out round the position of the vesicula, which having now become 
permanently contracted has thuspoured back the contents which 
render them visible (Jig. 2), They enter the lower or inner 
part of the organ, and at this point, therefore, are pushed inwanl 
as the vesicula becomes distended (fig. 3). Under the same 
cireumstances also, when the vesicula is slowly dihiting and 
contracting, it may be seen to be attached to small pnpiSaj on 
the surface about twice the diameter of those which surmount 
the trichooysts, and through which it probably empties itself 
(v, v,Jig. 3). If this be so, it might be inferred that the fluid it 



of an excretory nature, and that, like all such fluids, its accumu- 
lation is gradual ; but such an inference does not apply ' ' ' 



this 



the vessels connected with the vesicula fill immediately 
after the systole. This difficulty would be removed by supposing 
that at the moment of contraction the valves of the vessels are 
shut so as to pour back the fluid in them; a supposition wliioh 
cannot be considered valid as long as the existence of valves 
remains undemoustrated. Another objection is, that no current 
can be seen flowing from the papillre. This is admitted by 
Carter, but he says it is because the drop of water ejected la 
colourless, and not because there is no current. Lieberkiihn has 
also examined this system of vessels in Bariaria, but he eiploina 
the appearances in a different way. When an indiiddual be- 
longing to this genus is examined with a power of 300 diameters 
some hght streaks are seen near the suriace which convetve in 
curves upon the contractile vesicle from all parts of the body. 
Each streak is an extremely delicate but perfectly distinct canal 
terminating in the vesicle ; its wall and its contents are readily 
distinguished by their different refractive power. When one of 
these canals is traced from the orifice it ramifies at a short 
distance, which ramification may occasionally be traced to the 
extremity of the body ; farther on another branch is given off, 
and still farther others may be detected. The canals are best 
seen when the nucleus or contractile vesicle is neai'est the eye 
of the observer, as they then appear as dark lines on a bright 
background. In Buriaria Jlaoa about thirty canals open into 
the vesicula. Sometimes two vesicles and two systems of canals 
are met with in the same individual, as in the case of Parame- 
cium {fig. 1), Bwtaria, and other genera. The one system of 
canals appears to be unconnected with the other, although the 
fine extremities are distributed oyer the same area. Bunaria 
exhibits the phenomenon of pear-shaped bodies, which shape 
Lieberkiihn attributes to the flow of liquid into the canals from 
the contractile vesicle. The same observer adndts that there is 
an orifice near the posterior vesicle in Buriaria, but this he 
states, is the anal orifice of Ehrenberg, and does not commu- 
nicate with the vesicle. He has frequently seen the remains of 
food dischaiced from this aperttire. Tlie short canal which 
issues from the vesicle in Paramteium aurelia, and appears to 
pierce the integument is, according to Lieberkiihn, an optical 
illusion BO fiir as the aperture is concerned. He asserts ttiat it 
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runs into the integument, and turns round witliout piercing it. 
The fluid, he thiuKs, ori^nates at the remote extremities of the 
yessels, and then flows mrough them to the vesicle ; the whole 
distance being traversed during a single diastole. Where the 
fluid goes to he is unable to say, but he mentions a fact which 
appears to throw some light on the question. As soon as the 
posterior vesicle of Bursaria vorticeUa nas contracted, two long 
narrow cavities become visible at the margin of the animalcule, 
apparently from being filled with a transparent fluid. Thejr 
extend from the vesicle to the vicinity of the mouth, and termi- 
nate in a globular enlargement. They gradually contract, and 
vanish, wnile the fluid disappears; out where it goes is not 
Imown. Lachmann confirms tne existence of these long, narrow 
canals, but in many of the Vorticellas there appears to be but one, 
not two. From this canal a smaller one branches off to the 
upper wall of the vestHmlumj and then crosses to the other 
side. It hangs down like a short curtain into the vestibulum, 
and when the vesicle contracts it enlarges. From these facts 
it may be concluded that many of tne Infusoria possess a 
vascular system, but whether it is" a closed br an open one, and 
whether it conveys an excretory or a nutritive fluid is yet to be 
established. 

The Infusoria propagate themselves in three ways, viz., by 
fission, gemmation, and by internal embryos. The first method 
appears to be very general, if not universal, while gemmation 
has, as yet, been seen only in the Vorticellidce, AdnetincB, and 
one or two genera in other families. The method by internal 
embryps has been met with in a great many families, as, for 
example, in the Vorticellidoi, Acinetinaf, Tracheltdcef Opalmce, Bur- 
saridce, and even in a Rhizopod. 

In most of the Infusoria multiplication is effected by means of 
repeated division and subdivision, and by the development of 
internal embryos ; but there are some in which the first method 
only has as yet been seen ; indeed, multiplication by fissipority 
may be considered as a prominent characteristic of the class. 
The individual may divide either in a longitudinal, a transverse, 
or an oblique direction. Generally one of these directions pre- 
vails in the same species, but occasionally fission in two direc- 
tions is met with in the above-mentioned limits. Thus, for 
example, longitudinal division is most general in Chilomonasy 
Gryptomonas, CMoro^onium, and Polytonia. In the former two 
each individual divides into two parts only, but in the latter two 
genera each individual gives rise to four or eight, or even thirty- 
two zooids. As very few of the Infusoria are strictly bilateral, the 
two zooids, in the case of simple fission^ are usually unequal in 
size, and unequally provided with organs. When the fission is 
in a longitudiual airection, the line of division generally passes 
through the mouth, more particularly in those genera in which 
that organ is situated at the bottom of a cavity. Sometimes the 
line runs on one side of the mouth, in which case one of the 
zooids has to develope an entirely new alimentary system for 
itself. In Chilodon the one zooid retains the mouth only, while 
the other has all the remainder of the alimentary system. 
Stylonichia divides across into a fore and aft part. The indi- 
vidual multiplying in this way seldom shows any difference in 
its behaviour, and retains its usual activity ; but VorticeUa is one 
of the few genera which afford exceptions in this respect. The 
members of this genus contract themselves upon their pedicle, 
and draw the peristome over the cilia, so as to shut themselves 
It has been frequently stated that the cilia are absorbed. 
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but this is not the case ; they are only covered over. The reader 
may readily convince himself of this by examining one of these 
creatures, when in this condition, imder a good microscope. If 
the light be properly arranged, he will be able to see the cilia 
still vibrating beneath the transparent covering that closes them 
in. In this genus, as also in Carchesvwmy tiie division is so 
oblique that one zooid may frequently have all the pedicle 
muscle, while the other has none of it. In Zoothamnium, on 
the contrary, the division is strictly bilateral, and each indi- 
vidual has an equal share of the pedicle. This last mode is of 
great interest, for in those species in which the resulting zooids 
BO formed remain attached to their parent stock we get those 
arborescent groups and social colonies so familiar to the miero- 
scopists. It is probable that the same explanation may also 
account for similar dendritic clusters so prevalent amongst the 
Polyzooy Hydrozoa, and Actinozoa, There are some genera which 
develope in this way, and yet do not form arborescent groups, 
on account of the zooids always detaching themselves. As will 
be seen, there is a great variety shown even in this simple mode of 
reproduction ; but whether the individuals divide in an oblique, 
transverse, or longitudinal direction, or whether the zooids so 



developed are equal or unequal in size, there is one constant 
character which accompanies every method of multiplication. 
This constant character is that the fission is always developed 
internally before any external signs show themselves. A second 
contractile vesicle, and a second mouth and oesophagus (when 
wanting), are always developed before external fission com- 
mences, but the nucleus remains unaltered up to the moment 
when the body is being divided, and then it is cut in two. There 
is a phenomenon, that of zygosis, which has frequently been 
confounded with fission, but, as will be presently shown, the 
two things are essentially distinct. This circmnstance is men- 
tioned here in order to point out that in those species in which, 
fissiparity is rare, zygosis is of common occurrence, and vice 

The method of multiplication by the development of buds or 
gemmse cannot be considered as essentially distinct from that by 
nssiparous division, since they pass so gradually one into the 
other that cases arise in which it is impossible to distinguish by 
which method multiplication is being carried on. Nevertheless, 
it is foimd convenient to treat the two methods as if they were 
distinct, and to regard that as fissation in which the new animal 
acqiures a part of the old nucleus ; and that as gemmation in 
which it either acquires a newly-formed portion of the old 
nucleus, or else forms an entirely independent one. The most 
remarkable point connected with gemination is its prevalence in 
the highest Infusorian family, ana its rare occurrence in any of 
the others. Thus amongst the Acinetans it is only known in 
Podophrya quadripartita, and in the other families it has been 
seen in D&ndrosoma rctdians, Spirochona gemmipara, and pro- 
bably in Uvella and Dinohryon, In the Vorticellidm the bud first 
appears as a small external swelling usually near the posterior 
extremity of the body. It is formed from the parenchyma, and 
is provided with a cavity which is in direct communication with, 
the general cavity of the parent stock. The bud increases in 
size, and in some cases becomes as large as the body which bears 
it. As it becomes more and more like its parent, it developes a 
contractile vesicle and a nucleus ; the cavity is soon after closed 
in, a circlet of cilia appears near the posterior end, the zooid 
detaches itself, and swims off to some other locality. A some- 
what different series of phenomena occurs in Dinohryon, In this 
genus each monad lives in a cylindrical cell, and gives rise to 
another monad (by gemmation), the cell of which is attached to 
the upper edge of an older cell. The consequence is that the 
Infusorian colouy which is ultimately formed closely resembles 
in form the polypidom of a Sertularia, 

The third process of reproduction, viz., that by internal 
embryos, now remains to be considered. Like fissiparity, it is 
very general in all the Infusoria ; but, unlike fissiparity, it is 
closely connected mth the nucleus. Amongst the group of 
which we are treating it is very common to find two individuala 
grown together, as represented in fig, 5. This appearance has 
usually been attributed to a process of fission ; that is, the mass 
has been regarded as one individual separating in two, whereas it 
is really two individuals interblended togemer. This pheno- 
menon is called zygosis, and sometimes conjugation, by those 
who consider it to be directly connected with reproduction. It 
was first noticed by Leclerc, in 1805, and subsequently by 
Kulliker, Cohn, Stem, Clapar^de, and Lachmann. It is by 
no means peculiar to Infusoria, since it has been seen in 
Actinophrys amongst the Rhizopods, and in the PahneUacea, 
Desmidias, and ZygnemacecB amongst the lower plants. Amongst 
Infusoria it has been seen in Paramecium, Trichoda, Cydi- 
dium, Coleps, Prorodon, Nassula, Lacrymaria, ArnphiUptus, 
Chilodon, A^ndisca, Euplotes, and several other genera, more 
especially those belonging to Acinetina and VorticeUidcB. In 
most cases the union takes place at the fore part of the 
body, but in some along the whole length of the body. In 
the Vorticellidce it begins by two individuals simply touching 
each other (but without any perceptible organic imion resulting), 
and suddenly contracting upon their pedicles. In this position 
a bridge of matter forms between them, and fusion slowly 

Eroceeds, but more rapidly in the anterior than in the posterior 
alf. While this is going on both individuals make rapid and 
vigorous contractions. When they have become so completely 
fused that no external signs can be detected of their double 
origin, a circlet of cilia is developed round the hinder part of 
the body. The contractions gradually diminish in frequency 
and intensity, and the blended mass, or Z^gozoite, as it is called, 
detaches itself from its two stalks or pedicles, and swims away. 
After a time it fixes itself again, and sometimes encysts. This 
' curious process has not been satisfactorily explained, and there 
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are many reasons for believing that it has no essential con- 
nection with reproduction ; the most prominent is that many 
Vorticellcp and AciTwtte reproduce without turning into Zygozoites. 

The nucleus which has already been briefly described, and 
has been repeatedly mentioned in the course of this article, is 
represented in fig, 4 as it occurs in Vorticella microstoma. It 
is usually of a roundish shape, but sometimes it forms a long 
curved riband. It is enveloped in a peculiar membrane, and 
generally presents a homogeneous or finely granular appearance. 
A short tmie before the appearance of embryos the nucleus 
swells up and divides into two or more portions, but generally 
into two only. A minute vesicle soon appears in the separated 
portion, which developes into the embryo. When the nucleus 
breaks up into several portions, several small embryos are 
developed instead of a single large one. Except in size, there 
is no perceptible difference in the two kinds, although many 
observers are disposed to consider them as the results of two 
distinct methods of reproduction. 

We will now pc^ss on to the organ called the ^mcUolus, 
which was first described by Siebold, and afterwards seen by 
Stein in Prorodon, Lieberkuhn has described its appearance in 
Ophryogkna /avicans as being like a ^in of barley, marked at 
each end with a few streaks, and having a length of one-fiftieth 
of a millimetre. It is not quite as refractive as the fat globules, 
but it is more so than tne rest of the body. In this and 
one or two other genera it is situated in the centre of the 
nucleus, but in most cases it appears to be situated close to the 
nucleus. Recent observations, to be noticed presently, seem to 
indicate that the nucleolus is the male generative organ. 

It is quite beyond our limits to enter into the variations 
presented in the different genera, but we may give an outline 
of what is known respecting the reproduction of EpistyliSy as 
observed by Clapar^de and Lachmann ; and of Parameciumy as 
observed by Balbiani. In colonies of Ejdstylis there may generally 
be noticed two types, which may be distinguished by the one 
being of light and the other of heavy proportions. On the 
sides of most individuals one or two, apparently open, tumours 
may be seen ; and close observation shows that every one of 
these contains one or more embryos, each of which possesses a 
contractile vesicle. They seem to be in a cavity filled with a 
fluid of greater density tnan that contained in the general cavity 
of the body. They possess cilia, by the aid of which they 
keep constantly whirhng on their axes. If watched for a few 
hours, an embryo may be seen to escape through the tumour, 
and swim through the water. It possesses a circlet of cilia, 
and closely resembles the embryo of the AcineUE. Hitherto 
embryos have been detected in the slender form only, and it is 
supposed they may be confined to the individuals of this type. 
In Paramecium the series of changes appear to be closely analo- 
gous. Two individuals unite by their mouths and move rapidly 
about. The nucleolus gradually increases in size, and ulti- 
mately assumes the form of an ovate capsule having a striated 
appearance. According to Clapar^e and Lachmann, the stria- 
tions are due to a number of vibrio-like bodies contained in it, 
which bodies have been hypothetically supposed to be sperma- 
tozoa; this view, however, requires further confirmation. It 
should be mentioned that some of these bodies have been seen 
in the nucleus. Stein says that the spermatozoa are developed 
in the nucleolus, and that on quittmg it they penetrate the 
nucleus, which then swells up, and the spermatozoa disappear. 
Balbiani also is in favour of taeir being spermatozoa. Whatever 
they may be, the nucleolus, after it has attained a certain size, 
divides into two or four parts, each of which increases indepen- 
dently, and originates a numoer of secondary capsules. Simul- 
taneously with these changes the nucleus also enlarges, becomes 
' more rotund, wider, and of a softer consistence ; numerous tran- 
sparent vesicles, each having a central dot, are also formed in its 
interior. Occasionally the nucleus brea&s up into fragments 
before the vesicles have made their appearance. Subsequently 
two Paramecia make an interchange oi their secondary capsules 
by passing them from the body of the one into that of the other. 
The capsmes continue to enlarge in their new locality, but only one 
arrives at maturity at a time. Some days after the interchange 
minute roimded germs are seen attached to the body of the 
parent animal by means of suckers, which are dropped off when 
the embryos detach themselves, and are replaced oy a mouth 
and a set of vibratile cilia, when the embryo assumes the form 
of the parent from which it sprung. 

There are a few phenomena we have not noticed, which are 

fenerally stated to be associated with methods of reproduction, 
ut apparently upon insufficient groimds; we refer to the process 



of encysting. It was first made known by 0. F. Miiller, but 
Quanzati first published a description of it in 1796 in a pam- 
phlet which was almost entirely overlooked until a translation 
was given of it in a German periodical The article originally 
appeared in vol. xix. of the * Opusculi Scetti sulle Scienze e sulle 
Arte,' Milano, 1796, pp. 3 — 21 ; and is stiU well worthy of perusal 
In it Quanzati suggested that encystation was a preservative act, 
and that it only occurred when the surrounding condition of 
things was unfavourable to the weU being of the infusoria, since 
he found by experiment that he could make them encyst at 
pleasure by evaporating the water. It is true that reproduction 
freauently takes place during encystation, but the association is 
prooably nothing more than the coincidence of two unconnected 
phenomena. Encysting is almost universal amongst the Infu- 
soria, and owing to the similarity in the forms of the cysts, it 
requires great caution to make correct observations on them. 
The following illustration will serve to exemplify this. The 
colonies of many of the VorticellidcB are infested with num- 
erous Infusorian parasites, every species of which may undergo 
encystation ; but a knowledge of the laws of growth in Infitsoria 
will enable any one to discriminate most of the parasitic cysts. 
For instance, we have already noticed that when an Infusorium 
reproduces by gemmation, and gives rise to a colony, a symme- 
trical form is produced. In Dinohryon, a polypidom like that 
of Sertularia is produced, and in Epistylts we have another 
symmetrical form, depending upon the plan of growth, which is 
dichotomous. So that when a cyst does not occupy a position 
which harmonizes with this plan it certainly does not belong to 
Ejpistylis. But even when the cyst does occupy such a position 
it is not always safe to refer it to Epistylis. For on one occasion 
Claparfede noticed certain cysts wmch occupied the terminations 
of the forks in a species of Epistylis, and which appeared to be 
different from the cysts he had usually seen in it. They were 
filled with a granular matter kept in constant circulation by 
means of cilia on its margin. The cysts were watched for a long 
time, but nothing was ever seen to proceed from them. So one 
morning ClaparMe placed a group of them imder the microscope 
with the determination to watch it imtil something happened 
that would establish what the cysts developed into. He com- 
menced observations at ten o'clock in the morning, and main- 
tained a constant watch. At six o'clock in the evening he 
noticed the creature inside one of the cysts cease its movements. 
Shortly after the cyst opened and an animal slowly issued forth. 
It was an Infusorium ciliated on the whole of its surface, and 

Cessed of numerous contractile vesicles. It evidently be- 
jed to the genus Amphileptus {Trachclius of Ehrenberg). 
The same evening three or four other individuals escaped from 
the cysts, all of which were of identically the same form as the 
first. Each of them passed a few minutes in great activity, and 
then gradually assumed a spherical form, at the same time turn- 
ing on its axis with a pecidiar motion, which has been frequently 
observed in Infusoria about to encyst. This encysting a second 
time so soon after its escape is probably abnormal, and due to 
the space being too confined. In order to confirm the accuracy 
of these observations other species of Vorticella with cysts were 
sought for, and Carchesium polypinium proved to be the most 
convenient. A number of these were watched fix)m ten o'clock 
to eight o'clock, when the contents escaped as Amphilepti. 
These roamed about for a short time, and again encysted. The 
real connection between Amphileptus and Epistylis became 
evident by what was seen on a subsequent evening. An 
AmphiUptvA swimming about suddenly pounced on a colony of 
Epistylis, and attacked an individuaL It opened its large 
mouth, which can only be seen on occasions of this kind, and 
glided on to the Epistylis like a glove on a finger. The cilia on 
its surface then commenced the peculiar movement so character- 
istic of the preparation for encysting. After some minutes a 
strongly demied line was seen round the creature which 
thickened until the cyst was completed. The ArmhiUptus then 
made a number of semitums, first to the right ana then to the 
left, apparently endeavouring to wrench the Epistylis off its 
stalk. These observations were repeated over and over i^ain, 
and have been abundantly confirmed by Engelmann. Cien- 
kowski, and others. From these facts it may be safely con- 
cluded that the Amphileptus-WnQ bodies which issue from 
cysts on Epistylis have no genetical relation to Epistylis, These 
ODservations appear to suggest a doubt as to the correctness of 
Stein's opinion that Epistylis and Adneta are different forms 
of the same species. The great importance of this position, if 
true, has already been dwelt upon in the article in the Cydo- 
peedia [I^nrasoRiA]. Stein noticed the frequent occurrence of 
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Podoplirya quadripartita on colonies of Epistylis, and also that at 
one time a certain species would be the prevalent form in an 
aquarium, while a few weeks after perhaps it would have 
almost entirely disappeared, while some other species would be 
the prevailing form. This phenomenon occurred so frequently 
that he inferred the replacing species was a metamorphosed 
form of the earlier species ; and he was the more convinced of 
this since he frequently saw individuals which were intermediate 
in form between the two species. In no case, however, did he 
show satisfactorily that the one species was actually transformed 
into the other. The strongest evidence adduced by him was that 
precisely the same spot where a colony of Vorticelke had 



on 



been there sprung up a colony of Aciiietw, This undoubtedly 
is very strong presumptive eviaence, but it cannot be accepted as 
a proof of their relation until a Vo7'ticellahas been seen to change 
into an Acineta, One way of crucially testing the point is to 
isolate a particular species, and to watch the metamorphoses it 
passes through. But it is an exceedingly difficult thing to 
ensure perfect isolation ; Lachmann succeeded in doing it 
a few times only in the course of eight years. He effected 
it with VorticeUa microstoma, campanula, and nebtUifera; 
Carchesium polvpinum; Epistylis plicatilis, and Opercularis 
nutans. On eacn occasion he isolated twenty or thirty indivi- 
duals in a small glass tube or in an object glass. In this way 
he frequently obtained cjrsts of Vorticella microstoma, but no 
Adnetinm were ever obtamed. From the cysts of V, microstoma 
unaltered Vorticella escaped. He also tried similar experiments 
with Acinetas, He usually isolated each Acineta containing one 
or two embryos in a drop of water on an object glass, and 
watched the escape, rovmg, and ultimate quiescence of the 
embryo. In no case did he see an Acineta turn into a Vor- 
ticella, Cienkowski has arrived at a similar result. As it might 
be objected that the confined space is in some cases prejudicial 
to development, Lachmann isolated a group of large Acineta 
femiTn-equinwm in a small glass tube along with a few specimens 
of Paramecium aurelia and P, hursaiHa for them to feed upon, 
and a Lemiva minor to keep the water fresh. This experiment 
was repeated many times, but it was frequently found that one 
or two specimens of Vorticella had also been introduced by acci- 
dent. Two of these experiments gave a clear result ; one of 
them was given up at the end of a week ; the other at the end 
of seven weeks. During these periods the AcinetcB increased 
rapidly, yet no VorticeUa could be detected. There can be no 
doubt, then, that Stein's acinetiform hypothesis is based upon 
error. It may be mentioned that Stein himself has candidly 
admitted the justice of this conclusion. And although Stein s 
hypothesis turns out to be incorrect, it should never be for- 
gotten that science is under deep obli^tions to him for the 
great aid he has given to the naturabst in understanding the 
structure of the Infusoria, The figures in his works are much 
superior to those of Ehrenberg's where the internal conformation 
is concerned, and may be relied on for accuracy so far as his own 
actual observation goes. 

We will terminate these remarks on generation by a few 
sentences from the work of Claparfede and fiichmann. After re- 
ferring to the existence of the two ways in which the Infusoria 
are reproduced, viz., by spontaneous division and by internal 
embryos, they ask what relation there is between them ; or are 
they entirely independent of each other. Is it a matter of chance 
if an individual multiplies by the one way or the other ? This 
last supposition is very improbable. It is far more likely that 
each mode occurs at certain definite periods in the life of the in- 
dividual. In Epistylis, for instance, we have seen an indication 
of some such law. An individual issuing as an embryo Epistylis 
fixes itself, and gives rise to a family by fissiparous generation ; 
and it is only individuals on a well-developed tree that form 
embryos. But there is more to notice. A tree of Epistylis, 
which has increased to a certain size, does not necessarily mcrease 
by embryos. On the contrary, it is only in exceptional cases 
that they increase in this way. Generally the individuals 
develope a circlet of cilia, swim Way from the tree, and foimd 
other families elsewhere by fissiparous generation ; and the trees 
80 formed are more likely to throw off ciliated individuals than 
to develope embryos ; but how long this process may continue 
has not oeen ascertained. In all probability it has a limit at 
which multiplication by embryos becomes necessary for the con- 
tinuation of the species. What difference is there between these 
two processes ? ft is that in the one case the young are fonned 
by internal, in the other by external, gemmiparity ; that in the 
one external buds are formed at almost any part of the body, 
but in the other they always originate from a special part, tlie 



nucleus, which must be regarded as a generative gland. If the 
latter process should prove to be an asexual one, it is at any 
rate due to the speciaLzation of a particular part. It is possible 
that the phenomenon of zygosis may have a bearing on the 
question of sexuality. It has been noticed in many genera, and 
may turn out to be of general occurrence. How far the process 
is connected with fecimaation is uncertain ; for although embryos 
have been seen just after its occurrence, yet in other cases embryos 
have been developed, although no zygosis has taken place. The 
existence of sexes, although more probable than before, is yet 
doubtful ; and the existence of alternation of generation, as imder- 
stood by Steenstrup, is yet to be shown. Steenstrup's notion of 
alternation of generation is reproduction by asexual processes, fol- 
lowed by reproduction by sexual processes. There may be a cycle 
of changes, as in Epistylis ; but there may, or may not be, an alter- 
nation of generation. There exist then cycles of generations in 
the ciliated Infusoria, and, doubtless, also in the Rhizopods. 
which are comparable with those in the Algce, and the flagellated 
Infusoria, In many Al^a and flagellated Infusoria a series of 
generations by simple division is followed by a transition gene- 
ration, produced eitner by a conjugation, as in Zy^ma, Desmidice, 
Diatomacece; or without a conjugation, as in the Volvoces, 
Eualeno!, &c. ; and this generation commences a new cycle. 

Among the more recent attempts at classifying the Infusoria 
are those of Bronn and Claparede and Lachmann. Bronn states 
the number of species known to be very nearly 600, and he dis- 
tributes these amongst 140 genera. The following is his synopsifl 
of the families : — 

Flagella (long whip-like filaments), 1 to 6 
in number, and always at the fore 
end. Mouth absent Pigment spots 

rarely two, generally one, or absent . I. Flagellata oi Astoma, 
. COia generally wanting, except in 

Trichomonas, 
. . Animals without a temporary 
carapace; generally in the 
enjoyment of free locomotion, 
but at times fixing them- 
selves ; or if, connected^ it is 
only by means of their fla- 
gella, and while they are 
undergoing fissiparation (as 
in Family 1.) 
. . . Surface clammy, irregularly 
uneven ; body homoge- 
neous,flexible, and change- 
able in form; seldom pos- 
sessed of external append- 
ages. (In a few of the 
smallest doubtful forms 
no flagellum has been 
detected), 
. . . Surface firm, in a tough, 

scaly skin. 
. . . . Body form not changeable. 
. . . . . Scales not siliceous, 

and not distinguish- 
able from the upper 
rounded body mass 2. CrypUmumadina, M, 

Scales soft, afterwards 

siliceous (?), hard, 
open in front for the 
dagella (fissation in- 
side the shell) , 3. Thecomonadina, Prt. 
, , . . Body form very change- 
able ; scales thm- 
skinned, smooth, or 
regularly striped . . 4. Astcuiaa, Eh. 
. . Animals in a wide open cup- 
shaped cara2>ace ; the younger 
cups supported on the edge 
of the older ones, the wliole 
forming a firmly fixed little 

tree 

. Cilia outside the erect flagella, and 

situated in one or two hard scaly 

ring-like surrounding furrows \ 6. Peridinoea, Eh, 

Flagella absent. Cilia constant: a 

mouth in all but a few genera. (Fam. 

S.) Pigment spot in one genus only II. Ciliata,OTSlomatod<u 



1. Monadina, Eh, 



5. Dinobryina, Eh, 
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Body movements slightly regular. 
Locomotion free, swimming, 
sometimes creeping or parasitic. 
Anus separated from, and placed 
behind the mouth . A. 

. Cilia unaccompanied by other 
organs of locomotion (some- 
times vibratile setro. 
" Schnell-Borsten." ) 
• . Mouth wanting, or im- 
known ; cilia scattered 
and feeble . . . . 
, , . on the fore end of the 
body, and not indented. 
. . . . Scaly skinned . 
. . . . Not scaly skinned 
. , . on or behind the fore end, 
with long folds inside, 
and with a jagged edge 
in front 
. . . on the front edge, and 
continued like a fissure 
on the under side ; not 
jagged .... 
. . , confined to the ventral 

side ; not jagged . 
. Locomotive organs placed to- 
gether. Mouth beneath, or 
wanting. 
. . Without scales . 



Moninuif Prt, 



7. Cyclidina, 



8. Colemna, Eh. 

9. Enckelyina, Eh. 



10. Chilodmitina. 



11. TracJieliina, Eh, 

12. Colpodina, Eh» 

13. Oxytrichina, Eh» 



. . . Scaly skinned . . . 
. Body movements partly resular, 
and partly equally rapia (in 
all) ; animals stationary or suc- 
torial ; mouth and anus in front, 
behind a spiral row of cilia B. 
. . Mouth and anus separated at 
the fore end, the one being 
ventral, the other dorsal; 
surface of body covered with 
longitudinal rows of fine 

cilia 

. . Mouth and anus placed together 
in a vestibulum underneath 
the anterior surface of body, 
without cilia . . , . 

Appendix. 

Flagella, cilia, locomotive organs and 
mouth absent The individuals fix 
themselves on bodies having a slight 
degree of motion; when arms are 
knobbed thev are blood-suckers ; but 
sometimes they are slender threads. 



14. Euphtina. 



Spastica, Prt, 



15. Stentorina, 



16. VorticeUina. 



and less frequently knotty 



III. AdtietiB, 



Bronn then proceeds to give a synopsis of the genera, but as 
this is too lengthy for our colimms, we will pass on to Clapar^de 
and Lachmann's classification : — 
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With cilia or cirrhi in the adult 
state ; no suckers. 



NOX-FLAOfiLLATSl). 

Sueioria, 

No cilia in the aault state ; 

with suckers. 



WrrH ONB OB MOBB FLAGELLA. 



Cilio/laffellatay 

With cilia in addition to the one, 

two, or more flagella. 



Mouth and cBsophagus 
not dilatable ; open 
in the state of re- 
pose. (Esophagus 
ciliated. 






f Mouth and anus in a common pit. Buccal spire doxtrotropal 

I Mouth and anus Jiot ^ g^ ^^^^ buccal ( ^** . ®*^.*^' locomotive organs besides the buccal 

ome 1^1^^00*12!) With other locomotive organs be'sides the buccal 

^ \ cirrhi. Motion walking 

^Bodies bell-shaped, with the buccal cirrhi ar- 
ranged in several turns on its edge . 



< situated in a com- 
I mon pit. Buccal 
(. spire Iffivotropal. 



Bodies 
over. 



ciliated all 



Buccal spire, when it 
exists, forming one 
turn only before 



Buccal spire formed 
by cirrhi stronger 
than the cilia on uie 



FlageUata^ 
No cilia. 

Families. 
Vorticellina. 

Urocentrina, 

Oxytrichina, 

Tintinnodea, 



reaching the mouth. < siurface of the body . Bursarina. 

No buccal spire formed 



Mouth and oesophagus f Bodies entirely or mostly ciliated, 
very dilatable; gen- 
erally closed when< 
at rest; cosoptiagus 
not ciliated. 



on the external sur- 
face 



i With a foot . 
j Without a foot. 



( not cuirassed 
\ cuirassed 



.Body smooth, furnished with one row of cilia round the mouth 

Family I.— Vobtickllina. 



^Pedunculated. \ 



Pedicle contrac- 
tile. 



'Not ramified 



Ramified. 



Without a posterior 
circlet of ciha during / 
the greater portion^ 
of life. 



Naked Vobticbl- 

LiNA. 1st Sub-family : < 

Vortieellea* 



CvmASSED Yobticbl- 

LiNA. 2nd Sub- ^ With 



Each branch with its 
own muscle . . 

One muscle only rami- 
fying through all 
the branches of the 
colony . 



Colpodea. 
Dyaterina, 
Irachelina, 
Colepina. 

Halterina, 

Genera. 
1. Vortieella, 



2. Carehetium. 



V Pedicle non-contractile 
Non-peduncu- | Posterior part with a circular sphincter . 

lated. \ Without an expansion or sphincter .... 

No true test. Peduncle imbedded in a gelatinous mass 

truej^rL^ff iSJT|^«^|J^y the^^Uriore,t..It, 



family: Ophrydina. j test. 
Furnished with a posterior circlet throughout life. Fbbb Vobticbllina. 3rd Sub-family. — Driehodina . 

The genera (12) Spirochonay and (13) THehidonoptU, are doubtfully placed in this family. 



\ Animal freely suspended in the test 
3idr * • — " 



3. 
4. 
6. 
6. 
7. 

8. 
9. 



10. 
11. 



Zoothamnium. 

Epistylia. 

Scyphidia. 

Oerda. 

Ophrydium. 

Chthumia, 
Vayinicola, 

La^enophryt. 
Drtehodina, 



Marginal cirrhi pre- 
sent. 



Family II.— Ubocentrina. 
Consists of one genus only, vie. (14), Vroemtron. 

Family III. — Oxytbichixa. 

I Feet cirrhi in regular rows, longi- i Anterior part not prolonged in a bundle of set0 • « • 
< tudinal or oblique. j Anterior part prolonged In a bundle of seta) • » • • 

\ The uncini not distributed in regular rows . • . 17> StyUmiehia, 



15. Oxytricha. 

16. Siichochaeta, 
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IT — : 1 • V V ^««. ) Frontal cirrhi present. < • a/viom *»/ 

Marginal cirrhiabacntj *" ( Without uncini . . . 20 

' Frontal cirrlii absent 21. 



( Not dorsal 
( Dorsal 



18. 
19. 



£uplotes, 
Scnizopua, 
Campiflopus, 
Asptdiaea, 

Family IV.— Tintinnodba. 
This consiats of but one genus 22. TkUinmu, 



Family V.— -Bursabina. 



With a test for a longer 
or shorter period 
during life. IstSub- 
fEuniljT : — SUntoria, 
Anus in front. 



Chatospira. 
Freia. 



Body not truncated in front by a T Buccal spire carried by a straight process . 23. 

large surface. \ Buccal spire carried by a bilobed expansion . 24. 

Body truncated in front by a largo surface, which carries the buccal spire on 

its edge 25. Stentor 

^Body truncated in front by an oblique surface, which carries the 

buccal cirrhi on its edge 26 



Without a test. Anus 
behind. 2nd Sub- ( 
family : — Buraaria. 



f No 
lens- ( 
shaped 
organ. 



No row of 
dlia in the . 
inside of \ 
buccal 
groove. 



r 

Front 

not 

formed 

. with a 

ridge. 



( 



Body not 
truncated < 
in front. 



Buccal groove 
without a 

bundle of cUia 
in front. 



Deprived of cilia 
on right side. 



Body linear . . 27. 
Body not linear . 28. 
''Body elongated, 
f same width 



throughout. 29. 



With cilia oa the > ^^^ ^ 
right side. \ Body^obular, 

(^narrowed in front. 30. 
Buccal groove very large, furnished in front with two 
bundles of cilia distinct from the buccal cirrhi . .31. 

Front ridged, arching T Buccal groove oblique 32. 

\over the buccal groove. \ Buccal groove not oblique 33. 

V. Buccal groove funnel-shaped, carrying a row of short cirrhi on its interior . . . . 34. 

A lens-shaped organ near the mouth 35. 



Zeucophrya, 

Spiroat&mum, 

Plagiotoma, 



KondU/lostoma, 

Balantidium. 

Zembodium. 

Metoptu. 

Frontonia, 

Bunarius. 

Oyhryoglena, 



Family VI. — Colpodina. 



'No seta) springing from the mouth 



Parameeium, 
Ccipoda. 



37. 

'A bundle of short set» forming a lower lip 38. 

/ No bundle of setae on ventral 

SetflB springing from the mouth. <^ Setro isolated and long on the 1 surfSeuse ..... 39. Qt/didium. 

upper part of the mouth. j A bundle of sets on ventral 

\ surface 40. 

Mouth situated between two membranous lips which are constantly undulating 41 



No membranous lips. 



Fleuronema, 
Olaueoma. 



Cuirassed. 
No cuirass 



I 



Family VII.— Dystekina. 



Two distinct valves 



( Soldered behind onli 



Twovalvessolderedtogether. { g^K aUaTong^e back . 



42. 
43. 
44. 
45. 



Iduna. 
JDysteria, 
^yria. 
Hwdeya. 



Family VIII. — Tbachelina. 



46. Lacrymaria, 



Mouth terminal. 



( 



Anterior part with a / Bod^moreorlesscylin* L Mouth at the summit of tiie appendage 
conical appendage, i dncal; in swimming | 

j turns on its axis. ( IMouth at the base of the appendage . . . 47. Fhialina, 

\ Body flattened ; swims without turning on its axis 48. TradulophyUum, 

{[ [ body narrowed in front . 49. JEnehelys. 

No swallowing appa- i No leaping seta. } body not narrowed in 

ratus. j I front . . . 50. ffolophrya, 

I With a leaping seta behind 61. Urotricha, 

With a swallowing i Body narrowed anteriorly 52. FncAelydon. 

apparatus. ( Body not narrowed anteriorly 53. lYorodon. 

fWith a BwaUowing j j^ ,^ ^ J j^ | Body never strongly pressed .... 54. JVWa. 

apparatus. ^ j>w ui**«*ic wn^i^ia. | Body strongly depressed 55. Chttodon, 

A bundle of cilia forming a kind of foot . . . . . . . 56. IHehoput. 



Mouth not terminal. | 



No swallowing appa- j 

ratus. \ -nri 



/With a row of spherical vesicles, each vesicle containing a highly refracting 
I corpuscle ... .......... 



57. Zosodea, 
No limbs / Intestine ramified 58. Traehelius, 

Without such vesicles. { , , ' ^ ^^*^^ ""^i*. T*^/*^ -^ ' v * * ; ^^' ^^P^^^"**' 
iTAuxuubBuuix vcuvt^.^ ^ \^^^q pcnphcncal limb, formed by compact 

parenchyma 60. LoxophyUum. 



Family IX.— Colepina. 
Consists of one genus only « 61. CoUpt, 

Family X. — Haltebuta. 

Fine setae used for leaping 62. Salteria, 

Animal without leaping setse, locomotion by swimming not leaping , . . 63. Strombidiofu 

ORDER n. 
Family I.— Acinbtina. 

A pedicle . 



Suckers not carried by / 
a proboscis. ^ 



Suckers not i-amified. 



No test. 
No ramified colony. < 



64. Podophrya. 



l^Suckers ramified . 
Suckers oanied by a large retractile proboscis 



Forms a ramified colony .... 



No pedicle. [ f |^®^ •.'.'.*: 68.' ^f^X^a,' 



67. Aeineta. 

68. Solenophrya, 

69. Dendroaoma. 

70. DendroeomeUa, 

71. Ophryodmdron, 



ORDER m. 
Family I.— PEBiDiNnrA. 



/ Two halves of cuirass of nearly f Ciiirass armed with horns 
With a transverse i equal length. I Cuirass without horns 

groove in cuirass. \ ,j^^ ^^^^ unequal. ' ^^^ °^ groove raised into a plate 

No trangTeiBe groove. Cilia on the anterior edge 



Edges not raised 



72. Ceratiwn, 

73. Peridinium, 

74. Dinophyaia. 

75. Amphidinium* 

76. Fr9n)omtr¥m* 



541 



INFUSORIA. 



ITACOLUMITE. 



542 



The most important recent work on this group ia that of 
Stein's — * Der Organismua der Infusionsthiere nach eigenen For- 
fldiungen in systematischen Beihenfolge bearbeitet/ of which 
the first part was published in 1859, and the second in 1867. We 
have not been able to see the second part, but his mode of 
grouping is thus given in the ' Record of Zoological Literature 
for 1867/ 

Order I. Peritrioha, Stein. 

Family 1. OphryoscoUdna. Genera: Ophryoscolex, St.; Ento- 
dinum, St. 

Family 2. Spirochonina, St. Genus: Spirochona, St 

Family 3. Ophrydina, K Genera: ligenophryB, St.; Co- 
thumia, E. ; Vaginicola, E. ; Ophrydium, E. 

Family 4. Varticellina, E. Genera : Opercularia, E. ; Epis- 
tylis, E. ; Zoothwnnium, E. ; Carchesium, E. ; Vorticella, E. ; 
Scyphidia, Lachm.; Gerda, Clap, and Lachm.; Astylozoon, 
Engelm. 

Family 5. Ureeolarinaf St, Genera: Urceolaria, St. ; Tricho- 
dina, E. ; Trichodinopsis, Clap, and Lach. 

Family 6. Gyroconda, St. Genus : Gyrocoris, St. 

Family 7. Gyelodinea, St. Genera: Urocentrum, E.; Didi- 
nium, St. ; Mesodinium, St. 

Family 8. Tintinnodea, Clap, and Lachm. Genera: Tintin- 
nus, E. ; Tintinnopsis, St. 

Family 9. HcUterinay Clap, and Lachm. Genera: Halteria, 
Duj. ; Strombidium, XJlap. and Lach. 

Order II. Hypotricha, St 

Family 1. Oxyirickima, E. Genera: Psilotricha, St; Oxy- 
tricha, E. ; Stylonichia, E.; Onychodromus, St; Pleurotricha, 
St. ; Gastrostyla, Engelm. ; Urdleptus, E. ; Stichotricha, Perty ; 
Kerona, E. ; Epiclintes, St. ; Urostyla, E. 

Family 2. Euplotina, E. Genera : Euplotes, E. ; Styloplotes, 
St. ; Uronychia, St. 

Family 3. Aspidiscinaj E. Genus : Asmdisca, E. 

Family 4. Erviliinaf Duj. Genera: Ervilia, Duj. (Iduna, 
Clap, and Lachm.; Dysteria, Huxley); Trochilia, Duj.; Hux- 
leya, Clap, and Lach. 

Family 6. Chlamydodonta, St Genera: Scaphidiodon, St; 
Chlamydodon, E.; Phascolodon, St; Trichopus, Clap, and 
Lachm. ; Opisthodon, St. ; Chilodon, E. 

Ftunily 6. PerUr<m,ina, St Genus : Peritromus. 

Order III. Heterotricha, St 

Family 1. Spirostomina, St Genera: Condylostoma, Duj.; 
Blepharisma, Perty ; Spirostomum, E. ; Clinacostomum, St 

Family 2. Stentorina, St Genera: Stentor, E.; Freia, Clap, 
and Lachm. 

Family 3. Bwsariea, St Genera : Bursaria, E. ; Balantidium, 
Clap, and Lachm.; Nyctotherus, Leidy; Metopus, Clap, and 
Lacmn. ; Plagiotoma, Duj. 

Orderly, Holotricha. 

Family 1. Oinetochilina, St Genera: Lembadion, Perty, 
Pleuronema, Duj.; Plagiop;^la, St; Cyclidium, E. ; Trichoda^ 
E. ; Pleurochilidium, St. ; Cinetochilina, Perty ; Glaucoma, E. 
Ophryoglena, E. 

family 2. Paramtscinaf St. Genera : Panophrys, Duj. ; Leu 
coplOTS, E. ; Colpidium, St; Isotricha, St; Conchophthirus, 
St ; Ptychostomum, St ; Colpoda, E. ; Paramsecium, E. ; Nas- 
sula, K (Acidophorus, St; Cyclogramna, Perty; Losiphon, E.) 
Cyrtostomum, St 

Family 3, Eneheliiia, St. Genera : Prorodon, E. ; Holophiya 
E. ; Actmobolus, St.; Urotricha, Clap, and Lachm.; Penspira 
St ; Plaffiopogon, St ; Colep, E. ; Enchelys, E. ; Enchelyodon 
Clap, ana Loch, ; Lacrymana, E. ; PhiaUna, E. ; Trachelocerea 
E. ; Trachelophyllum, Clap, and Lachm. 

Family 4. Trachelina, St Genera: Dileptus, Duj.; Trache- 
lius, E. ; Loxodes, E. ; LoxophyUum, Duj. ; Amphileptus, E. 

Family 6. Opalinina, St Genera : Haptophrya (Discophrya). 
St ; Anoplophiya, St ; Hoplitophiya, St ; Opalina, Purk. and 
Val. 

(Balbiani, Gomptes RenduSf xlvi., j>. 628 ; Carter, An, and Mag^ 
of Nat, Hitt,, 2nd series, voL xviii., p. 115, 221 — ^vol. xix., p. 
259 — ^vol. XX., p. 34 ; — 3rd series, voL viii., p. 281 ; Lieberkiihn, 
Miiller's Archiv for 1856; Greene, Manual of the Protozoa; 
Bronn, Die Klaseen und Grdnungen der Thier-reidiSy Erster Band ; 
Lachmann, MuUer^s Archiv for 1856, p. 340; Clapar^de and 
Lachmann, Memoire mr lee Infumxee et tee Rhizopodes; Leuckart, 
Wiegmann^s Archiv, xxvii., p. 81; WrzesnowsM, A, dee Sci, Nat,, 



4th series, xvi., p. 427 ; EngeLmann, An, and Mag. of Nat, Hist, 
3rd series, voL x., p. 241 ; Mecord of Zoological LUwaime, vol. iv., 
p. 666.) ' 

ITABIRITE is a rock consisting of specular iron, the most 
crystalline condition of hflematite or native ferric oxide ; mioace* 
ous iron, a flaky condition of the same substance ; magnetite, 
the crystalline form of native ferroso-ferric oxide ; and quartz. 
As accessory ingredients, or those which do not form an essential 
constituent of itabuite in its typical development, are talc, 
chlorite, actinolite, and gold. The type rock forms the peak of 
Itabira in Brazil. The name is also applied to other rocks 
which resemble more or less closely that at Itabira. Thus in 
South Carolina there is such a rock^ which contains less quartz 
and more talc, the latter mineral being the matrix in which the 
magnetite crystals are embedded. Its accessory ingredients 
difier from those of the Brazilian example, as it contains meso- 
type, hyaline quartz, staurolite, &c Then, again, there are 
numerous intermediate varieties between a rock in which the 
specular ii*on predominates, and a sandstone which contains 
specular iron, magnetite, and micaceous iron. In order to 
understand the true relations of itabirite to other rocks, it would 
be requisite to investigate the phenomena connected with the 
development of the crystalline form of oxide of iron in, or aa, 
rock masses. Oxide of iron is a' conunon ingredient in both 
stratified and unstratified collections of minend masses, but the 
nature of the rock seems to have some influence in determining 
the kind of mineral formed, for in siliceous rocks the iron oxide 
mostly occurs as a crystalline haematite or ferric oxide ; whereas 
when the silica is accompanied by bases such as magnesia, lime, 
&c., the ferric oxide is quite subordinate to magnetite, the 
fejToso-ferric oxide. Under certain conditions, of wmch little or 
nothing is known, the iron-oxide combines with the silica, and 
thus gives rise to a multitude of lithological varieties character- 
ized oy silicates. The rock called Topanhoacanga diflers but 
little from itabirite. It is formed of specular iron, micaceous iron, 
jEmd magnetic iron, cemented by some ferruginous compound; and 
contains fragments of quartz, itacolumite, clay slate, gold, &a 
It occurs as a crust on the surface of the ground in various parts 
of BraziL It is apparently a modem formation, arising horn 
the detrition and reaggregation of the rocks of Brazil, itabirite 
contributing most largely to its composition. The itabirite of 
Brazil and South Carolina appears to form a portion of the 
Silurian series of strata. 

(Cotta, Rocks Glassified and Described, 1866; Lieber, First 
Anntial Eq^rt on the Geological Survey of South Garolvna, 1856 ; 
Delesse, jStudes sur les Metamorphisme des Roches^ 1861.) 

ITACOLUMITE is a kind of sandstone, which Cotta define 
as being " a fine-grained and at the same time schistose compound 
of quartz with some mica, talc, or chlorite. In thin plates it is 
sometimes flexible.'' This rock is largelv developed in Braadl 
where it forms the material of strata hundreds of feet thick, and 
hundreds of miles across in superficial extent It is named after 
the mountain Itacolimii, near Villa Rica, which is cdmost en- 
tirely formed of it, its height being 5400 feet In Geor>gia it is 
300 feet thick, but is there varied by intercalated ban& from 
one to three feet thick which abound in lumps and crystals of 
lazulite. It contains sufficient gold to induce persons to work 
it In North and South Carolina it contains beds of talc schists, 
and richly ferruginous ingredients, constituting ferruginous mica 
schist, itabirite, catawbinte, &c. In Brazil, as well as in the 
Unit^ States, it occupies the same position in a simUar 
sequence of beds. Thus in both it is overlain by a limestone^ 
the lower beds of which contain intercalated talcose schists. In 
its stratigraphical relations and structural properties it has con- 
siderable resemblance to the Potsdam sandstone, more especially 
in its westernmost extension, where it becomes conglomerated, 
laminated, and presents other signs of being a shallow water 
deposit. The most remarkable feature about itacolumite is its 
flexibility, but this property is not regarded as a characteristic 
peculiarity, since of two specimens from the same bed the one 
may be flexible and the other rigid, although otherwise there is 
to the unassisted eye no difference which would warrant their 
being described as two kinds of rock. Generally the flexible 
portions are much finer in grain, and the talc is less abimdant 
There is every transition from the most rigid to the most 
flexible portions, and the latter occupy a far more limited area 
than the former. It also has a resemblance to the Chilhowee 
sandstone of Tennessee, which is believed to represent the Pots- 
dam sandstone in that area. As the Potsdam sandstone gradu- 
ally passes from the fine grained condition in Iowa to the coarse 
grained conglomeratic state in the far west towards the Rocky 
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Mountains, so tlie beds of itacolumite present the same transi- 
tion, at least in some areas. Thus, in South Carolina, it is fine- 
grained and flexible in Spartanburgh county, coarse-grained and 
rigid in York county farther west, and conglomeratic still far- 
ther west, or in Union county. In this last locality it is a con- 
glomerate with a micaceous arenaceous cement, in which the 
mica is so abundant that the pebbles are generally hidden by it 
on a fresh fractured surface. The pebbles consist chiefly of 
hyaline, but sometimes of saccharoidal, quartz, and have their 
long diameter parallel with the bedding of the strata, 

'Hie term itacolumite is usually restricted to the fine-grained 
portions of the quartzose deposits here noticed, but we have 
referred to its passage into conglomerates in order to indicate 
that the itacolumite itself is evidently a detrital deposit. It 
would seem to have been originally an accumulation of sand, 
which has since undergone iteration partly by pressure, and 
partly by infiltrating solutions. 

The flexibility of itacolumite is not confined to thin plates^ but 
is well displaved in laige slabs, as is exemplified by a specmien 
in the Bntisn Museum. This property is usually attributed to 
the flexibility of the mica flakes which unite the grains of quartz, 
but that this explanation is not the true one has been demon- 
strated by Professor Wetherill. He procured a cylinder seven 
and three quarter inches long by half an inch in ^vidth. When 
squeezed or pulled with a moderate degree of force its length was 
altered l)y about the^th part, or what would amount to on inch 
in a slab between 33 and 34 feet long. If one end was fixed the 
other could be made to describe a circle nearly two inches in 
diameter ; and it could be twisted to the exteiA of 10° of tor- 
sion. When supported by its two ends it becomes flexed into a 
curve intermediate between a true catenary and an ellipse. On 
examining prepared thin sections ^vith a microscope tiiey look 
like loose layers of sand, the grains of which are aggregated 
together into little clumps. Each group comprises from twenty 
to fifty sharp fragments of quartz feebly cemented together ; and 
the groups are connected together by a series of cavities and 
projections, which Professor Wethenll compares to ball and 
BOCKet joints with rough articular surfaces. Each joint permits 
a slight movement, but greater in one direction than another. 
The flexibility is increased in proportion as one dimension is 
less than the two others ; so that it would be quite as marked in 
large sheets as in small plates. The flakes of mica were very 
few in number, and took no port whatever in determining the 
motion. The cement which unites the grains is not removed 
by boiling in hydrochloric acid, is partifuly disintegrated by a 
hot alkalme solution, and is almost immediately di^lved by a 
solution of hydrofluoric acid. These facts imply that it consists not 
of oxide of iron, but of some siliceous substance, probably hydrated 
silica. Heating the rock and then plunging it into water does 
not render it friable, nor does exposure to a red heat diminish 
its flexibility. The siliceous grains have about the some hard- 
ness OS agate, but occasionally they are associated with something 
much harder, possibly small diamonds. The rock is eminently 
porous, water passing, and gases diffusing, through it with great 
lacility. 

If itacolumite is interesting on account of its flexibility, it is 
more so on account of its remtions with the diamond. Speci- 
mens of this gem have been found in it in Brazil, South (Jaro- 
lina, and other localities ; and the question arises whether they 
were formed in the rock or not. Professor WetheriU's descrip- 
tion of the siliceous fragments as sharp, would seem to indicate 
that they had been siibject to no attrition, but it seems pro- 
bable that the grains may have acquired this form by crystalli- 
zation subsequent to deposition, in the same way as the Potsdam 
sandstone and other ancient arenaceous beds consist of grains 



with crystalline £acets, although in their case there is abundance 
of evidence to show their detrital origin. Jukes also notices that 
the mica in itacolumite occurs as worn spangles, so that these 
may have been derived from some other rock, although it is 
possible the worn appearance may be due to the action of 
natural solvents acting upon the mica in place. The presence 
of gold associated with magnetite and micaceous iron is also 
consistent with this view ; indeed itacolumite and the associated 
richly luematitic beds strike one as all having been derived from 
the same rock mass, the materials of which have been re-sorted. 
If so, it may well be su^ested that the diamonds have also been 
detached and transportea from their original gangue, and that the 
itacolumite is not the rock in which diamonds originate. The 
main alignment in favour of the opposite view is that the dia^ 
mond is always associated with itacolumite, or with a conglome- 
rate which contains fragments of a rock having the nature of 
itacolumite. To this we may add, what is scarcely an argument, 
that this rock answers the conditions which we should expect 
would facilitate the formation of diamonds. These conditions 
are a high degree of porosity, subjection at one time to an 
immense superincumbent weight, and the passage throi^h the 
rock of some fluid which would carry on all the hyc&ogen, 
oxygen, and nitrogen of the hydro-carbonaceous materials, leav- 
ing all or a portion of the carbon behind in a crystalline state. 
These conditions conform with De Chancourtois' suggestions, 
[Diamond, E. C. S. coL 370], but diff^er therefrom in one point, 
which we consider essential, viz., the presence of great pressure. 
Professor Wetherill thinks the physical conditions which have 
led to the peculiar jointed character of itacolumite may have a 
bearing upon the crystallization of the difunond, and thus specu- 
lates in connection with this subject: — *'It is difficult to see 
why the siliceous fragments cohere to form definite groups or 
congeries. If we suppose that planes having a certain relation 
to tne crystalline axes cohere dv long-contmued contact more 
readily than planes having a different relation, why does this 
partial cohesion occur with such surprising regularity ? why 
also is it not perceived in other sandstones J It would appear 
that the sand which formed the rock contained something dif- 
fused in a regular manner (and which was subsequently re- 
moved) which prevented the uniform contact of the siliceous 
grains. It is possible to conceive that petroleum might have 
that effect when added to sand of a certain degree of moistnesa, 
forming a kind of emulsion, and that the petroleum was after- 
wards slowly removed by a process which permitted a crystalli- 
zation of a portion of its carbon. When water was dropped 
upon dry sand, the mixture when stirred formed lumps of 
uniform size ; if, before stirring, a little petroleum was added, 
the lumps appeared to form more readily. The lumps are left 
out of aqueous contact by the coating of petroleum around each 
one, while the siliceous particles forming the lumps have water 
between their component grains. Cohesion comd take place 
between the particles, but not between the lumps. Under the 
microscope the sand thus treated has a striking resemblance to 
itacolumite." The siliceous cement round the grains of itacolumite 
indicates the probable former presence of a solution of silica, which 
would take the place of the water in the foregoing experiment 
The indentation of one collection of granules by another is appa- 
rently the result of pressure. Professor Wetherill noticed some 
minute black specks in his specimens, and asks if they are black 
diamonds, and if the deep scratching of his agate mortar was due 
to them. If so, these would represent the crystallized carbon. 

(Cotta, Rocks Classi/ed and Described; Lieber, Anntial Reports 
on the Geological Survey of South Carolina^ 185& — 1860 ; Wethe- 
rill, American Journal of Science and Arts, Second Series voL 
xliv. pp. 61—68.) ' 
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TACARE. [CROGODiLiDiE, E. C. S. cols. 322, 323.] 

JANTHINA [E. C. voL iii. cols. 298—301} The little group 
of oceanic mollusca to which this and the allied genus Recluzia 
belong, is regarded by some naturalists, and amongst them Mr. 
Gwyn Jeffreys, as a distinct family to which the term Janthi- 
nidcB or lanthinida is applied. This authority places this family 
after the PyramidtllidcR and before the StilifertdcBf and remarks 
that its afl&nity is with Gcisteropoda^ and not with Heteropoda. 

The generic diagnosis in col. 299 requires modification. The 
pedicle at the base of the tentacle is not oculated ; indeed, 
several good observers who have examined the living animal 
say that there are no eyes in the species examined by them. 
Benson and Jeffreys concur in this view. It is possible that the 
embryos have eyes, since Philippi expressly states there are two, 
which are large and black. The foot is oval in specimens which 
have been preserved in spirits, and which are consequently 
drawn up. In the living animal its shape is a long ellipse, 
bein^ broader in front and tapering towards the opposite ex- 
tremity. The natatory appendages sdluded to are the lobes of 
the mantle, but it is very aoubtml if they are used as organs of 
natation, for Benson, Jeffreys, Lacaze-Duthiers, Adams, all agree 
that the specimens seen by them never employed these parts for 
such a purpose under circumstances when they were most likely 
to require them. Forsk&l, however, has mentioned that the 
embryos have transverse lobes furnished with cilia, by whose 
vibration the animal is rowed from place to place, so that it 
seems that the expansion of the mantle is a rudiment of an 
organ which serves as the principal locomotive organ in the 
youn^, but affords little or no aid towards perfomiinj^ such 
functions in the adult. The vesicular appendage, or float, is 
not a modification of the operculum. 

The geographical distribution of the genus has not been ade- 
quately worked out. The species appear to occur in all the seas of 
tne tropical and temperate zones, out as yet they have not been 
detected in hiffh latitudes. Most of them are sporadically distri- 
buted within tneir area of distribution ; generally the individuals 
are scattered here and there, but with tolerable uniformity, over 
a few degrees of latitude and lon^tude, while none are to be 
seen in the intervals between the different isolated areas occupied 
by the same species. It is also noticeable that the individuals 
occup3ring these separated areas are frequently distinct varieties. 
Such are the conclusions we draw from the observations of Mr. 
Benson, which, however, were confined to a single rapid voyage, 
and it remains to be seen what support future observations will 
afford to t^em. J. exigwi is, peniaps, the most widely distri- 
buted. It is found in the Atlantic, north of the Madeira Islands; 
in the Soutii Atlantic, opposite Brazil, near the island of Tristcm 
d'Acunha ; also near tnose of St Paul and Amsterdam, and 
again in the Bay of BengaL It may arise from the accidents of 
the method of observation, but it seems that the captures are 
made, not precisely in mid-ocean, but in localities witnin a few 
hundred miles of some group of islands. It is observable that 
the specimens obtained in the north are usually smaller than, 
and sometimes differently tinted from, those captured in the 
south. Thus, near Madeira and off Bengal «7. exigwi is small, 
but is large near Tristan d'Acunha, and near the isles of St 
Paul and Amsterdam. Benson captured specimens answering 
to Lamarck's J. fragilis in 3** N. lat, and 24° W. long., but the 
species was not again seen imtil the neighbourhood of the 
XriHamftii Islands was reached, or about 10 N. lat, and 95° E. 
long. Again J. wmJbilicata occurred in I** and in 14° N. lat in 
the Indian Ocean, but nowhere in the intermediate space. 
J, pallida was met with frequently in a tract extending from 
SO'^S. lat and 18° W. long, to 33^ S. lat and 10° W. long. Just 
at the southern limits of tnis area several laige individuals were 
observed, but on the following day not one could be seen, nor 
was anything more seen of the species until the vicinity of St. 
Paul and Amsterdam islands, or about 39° S. lat, and 79'' E. 
long. ; but all the individuals seen here belonged to a pale and 
atunted variety. J, eoeruleata and some of its varieties flourish 
between 33°— 30° S. lat, and 81°— 83° E. long., where it is 
associated with Lepas fcuciciUaris, a small swimming-crab, and 
VdeUa, Curiously enough, all these species, belonging to dif- 
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ferent classes, are all tinged of a blue colour, as though there 
were something in the locality which caused most of the floating 
organisms frequenting it to acquire that tint ; while the Janikina 
is bluer than almost any of its allies. It is suggested in E. C. 
that the blue tint of Janthina is derived from the blue VeUUce 
on which it principally feeds ; but this will not account for the 
other species being so coloured. The crabs make the VeleUa 
into temporary rafts ; but they do not feed on these jelly fishes, 
nor do the individuals of Lepas fascicularis. Are the groups of 
JanthiruB really isolated, as they seem to be, or do stray mdi- 
viduals wander in all the intermediate seas ? The apparent fact 
that each area is occupied by a distinct variety seems to indicate 
that the groups are isolated now ; that at one time the species 
frequented a single area, and that since then some cause has 
brought about its dispersion, disruption, and, probably as a con- 
sequence, its divei^ence into varieties. It is doubtful if any 
species are really British ; that is, if any habitually fr^uent the 
seas off our own islands. Shells of /. wmmunis, J, globosoj 
J, pallida, and J. exigua, are found on the shores, but not one of 
them has contained the animal. Shells, with the animal of 
J, rotundata, are occasionally taken, but the animal has been 
either dead or dying, and these only occur on our western 
coasts ; so that it would seem that the individusds are castaways 
brought here from tiieir true home by the influence of the Gulf 
Stream. No specimen of J, fragilis, Lamarck, has reached 
England ; the true habitat of this species is in the tropics. 

Much has been said about the float of Janthina, more especially 
as to its mode of formation, and its connection with the animal. 
Dr. Coates's accoimt, as given in K C, is so strictly accurate, 
and has been so fully confirmed by Benson, Adams, and Lacaze- 
Duthiers, that scarcely anything further need be said, did we 
not wish to uige that the float is essential to the life of the 
creature. When a Janthina, deprived of its float, is placed in an 
aquarium, it immediately sinks, and lies at the bottom of the 
vessel struggling and moyinc about, but unable or unwilling to 
swim. If some of the individuals are very active, they will creep 
up the sides of the vessel, but, from inability to retain them- 
selves at the surface, either by constructing a float, or by the 
action of the foot, as in Limneas, they again sink to the bottom. 
If the vesicles of the float belonging to an individual possessing 
that organ be snipped with a pair of scissors so as to liberate the 
air, the animal sinks in the water in proportion to the extent of 
destruction, and when this has been carried to a certain point 
the animal is so far below the surface that it cannot extruae its 
foot into the air. If left in this state it cannot supply the 
damage done to the float, and soon dies. If the destruction is 
carried to the extent of quite, or nearly, annihilating the float, 
the animal sinks completely, and does not survive many days. 
All this seems very intelligible, when it is consideied that the 
air of the float is not secreted frx)m or generated in the body of 
the animal, but that it is derived from the atmosphere, and 
enveloped in mucus. Access to the air is essential to the forma- 
tion of the float The specific gravity of the animal with its 
sliell is greater than that of sea-water ; so that, as it has no 
other special means of flotation, it is unable to add to or recon- 
struct a float whenever its buoyancy is insufficient to allow of its 
reaching the air. This is partially proved by experiment, for if 
an individual without its float is sustained artificially partly 
below and partly above the surface of the water the whole 
process of making the float goes on before the observer's eye 
from beginning to end. The globules are formed and added to 
the float one by one, and the fresh ones are always attached to 
the anterior ends of the last which have been added. The opera- 
tion can be at once brought to a stop as long as only a few 
globules have been collected, by removing &a support, and 
letting the animal sink. After each globule has been nxed, the 
foot is invariably withdrawn into the water to be again pro- 
jected into the air in a spoon-shaped form ; this operation is 
evidently essential, but why we cannot say. As tne float is 
simply agglutinatea to the hmd portion of the foot, the connec- 
tion is readily broken ; but the animal has no means of adding 
air to or withdrawing it from the globules, and whatever injuries 
are sustained are compensated by additions to the anterior end 
of the float. If the apex is lost it cannot be directly replaced, 
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Gince the globule-forming part of tlie foot is not sufficiently long 
to reach it. 

It is not known how the young contrive to commence the 
float. It is supposed that they climb on the float of the parent 
and derive support from it while beginning their own. This is 
only a supposition, and will apply as such only to the viviparous 
species. The young of the oviparous species are probably loco- 
motive, and dwell habitually below the surface of the water, like 
the young of most gasteropoda. When they discard their loco- 



motive habits they probably cling to some object which wiU 
support them and thus aid them to reach the air while construct- 
ing their float. Benson confirms Coates's observation that each 
species has a distinctive float 

(Benson, An. and Mag. of Nat. Hist, 3rd Series, vol. vi., p. 
405 ; Adams, An, and Mag, of Nat. Hist., 3rd Series, voL x., 
p. 417 ; Lacaze-Duthiers, A. des Sci. Nat. 5th Series, voL iv., p. 
329 ; JeflEreys, British Gonchologtf, voL ir., p. 174.) 
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KAME8. A name frequently applied to ridges of gravel and 
sand, remarkable for the positions in which they occur, the 
embankment-like appearance which they present, and the pro- 
longed discussions which have taken place as to their ori^n and 
mode of formation. It is possible that these ridges have different 
origins, but it is generally believed that what are termed kames 
in Scotland are identical with the osar of Sweden, and the 
eskers of Ireland. Similar ridges occur in North America where 
they are called drift-mounds, gravel ridges, &c. 

•there is one example near Toronto, in Western Canada, 
which appears to throw some light as to the probable way in 
which some of the kames of Great Britain have been formed. 
Toronto stands on the north shore of Lake Ontario, the long 
diameter of which lake runs east and west. To the north of 
Toronto is a flat plain which extends inland for several miles, 
where it is bounded by a cliff of boulder-containing clay, known 
as the Davenport Ridge. This cliff stretches for some miles to 
the east, and then suddenly bends north, and runs in an irregular 
line so as to form a deep bay. On the opposite or western side 
of the bay the cliff continues parallel to me shores of the lake. 
At the eastern angle of the bay, and projecting westwardly from 
it in a line with the cliff is a ridge of gravel and sand two miles 
and a half in length, about one-eighth of a mile wide, from 
fifteen to twenty feet high, and with gently rounded summit and 
sides. It stretches more ttian half way across the mouth of the 
bay just described. The gravel is formed of the same materials 
as the rocky fragments in the clay composing the Davenport 
cliff; only in the cliff they are angular, while in the gravel ndge 
they are rounded. The rounded stones vary in Bi2e from coarse 
sands to pebbles two inches in diameter, and have evidently 
been produced from the angtdar stones in the cliff. The smaller 
particles were rolled along by currents to form the gravel ridge, 
the clay was washed into deeper water to form the plain near 
Toronto, while the lai^ boulders remained behind, and now 
strew the ground at the foot of the terrace. In the gravel ridge 
there have also been fotmd rounded nodules of clay, similar m 
character to that forming the cliff, and which appear to have 
been rounded when h^ened by frost. The gravel is not 
deposited in horizontal layers, but the general dip is northerly 
or away from the lake towards the high land. All these pheno- 
mena mdicate that this ridge was formed by the action of 
currents beating against the boulder-bearing clay cliff, which 
travelled westward, and deposited their load at the entrance of 
the bay. The northerly dip of the stratification in the ridge is 
due to the action of the ground-swell, piling up the stones, and 
forcing them over the beach into the stiller water on its north 
side. This took place when the waters of Lake Ontario were 
170 feet above their present level As a confirmation that the 
gravel ridge has been or may have been formed in the way 
indicated^ a similar ridge is in process of formation at the 
I)resent tmie in front of the harbour of Toronto. The gravel 
ridge, bay, and cliff on the higher groimd, is in every essential 
respect paralleled by a gravel ridge, harboiir, and cliff at the 
lower level. And, as shore currents are known to be the efficient 
agent in the one case, there is great probability they were 
engaged in the other. 

Geikie describes the kames of Scotland as ridges of gravel 
tunning in a more or less sinuous line, having a length varying 
from a Tew yards to several miles, ran^g from 20 to 60 feet in 
height, and rising abruptly from the ground. "Such a ridge,'* 
he says, " is oflen seen alone with no other mounds or ridges of 
detritus near it, keeping its course across a heathy flat, like an 
artificial dam or rampart, and conspicuous, not only by its form 
and size, but by the greenness of its sloped contrasting with the 
brown d the surrounding moor. I have never been able to trace 



any definite and persistent relation of these ridges io the form of 
the ground on wnich they occur. Sometimes, as on the north 
flank of Tinto, the ridge begins on a hill slope and extends away 
into the plain. Sometimes it runs parallel to the hill side, as 
below the west front of the beautiful cove of Quothquhan, near 
Thankerton. Again it may be seen rising up in a flat moor 
apart from any rising groimd, as is admirabfv shown on the 
Camwath moors, and on those to the south of Dirrington Law 
in Berwickshire. I have frequently observed, however, that 
these ridges ran across valleys and have been cut through by the 
streams. Examples may be seen in the Clyde valley at Thank- 
erton, and at the junction of the Douglas Water, in the course of 
the Mouse Water (a tributary of the Clyde) near Ravenstruther, 
in the grounds of Dunse Castle, on the moors between Dunse 
and Westruther. and in many other locidities. Yet other 
instances might be cited where the kames run along the line of 
the valley, especially if it be a flat and tolerably wide one. 
This may be verified in the course of the Medwin above Ogs- 
castle, and on a much greater scale in the wide valley traversed 
by the Caledonian railway, between Auchengray ana Ceurstairs. 
The Scotch kames are almost entirely composed of gravel 
and sand, generally stratified, and frequently false-b^ded." The 
geologist, whose observations we have lust quoted, recognizes two 
classes of kames in Scotland, viz. (1) those which consist wholly 
or nearly so, of coarse shingle, and (2) those that are made up of 
fine sand and gravel. The kames of the first group are sharper 
and higher in outline than those of the second ; their stratifica- 
tion is obscure or barely perceptible ; the stones which form it 
are usually large, with their surfaces more or less striated, but 
less distinctly so than in the boulders of the boulder clay. The 
kames of the second group are well stratified with dome-shaped 
outlines. Frequently layers or nests of clay highly laminated 
occur amidst the sand and graveL 

There is much similarity between these gravel ridges, and 
those which are forming at the present day m wide estuaries ; 
but the great frequency of kames in countries which have for- 
merly been the seats of glaciers seems to indicate some connec- 
tion between them and the glaciation of these countries. It is 
believed by many that glaciers have been directly instrumental, 
but there does not appear to be any good grounds for this belief. 
Most of the kames of Scotland and Ireland seem to have been 
formed during the same geological period, viz., during the up- 
heaval of the coimtry prior to the lormation of the peat bogs, 
but this is probably an accident of position ; the older ones have 
been destroyed, and the recent ones are now submerged, and not 
recognized as fcames. Chesil bank on the coast of Dorsetshire 
appears to be similar to what are termed kames. 

KEUPER [E. C. vol iii. coL 316J, the upper portion of the 
triassic group of strata as developed m Western Europe. There 
is little doubt that the Red Sandstones alluded to in tne original 
articles as occurring in Warwickshire and the neighbouring 
counties, correspond to the Keuper of Germany. The beds are 
generally scant of fossils, but tnose that have been met with 
mostly belong to terrestrial and fluviatile spedes, indicative of a 
rich and vaned fauna. Marine fossils are almost absent, but 
there are some beds in Germany containing marine remains 
which are believed to be the marine equivalents of the reptili- 
ferous and plant-bearing Keuper sandstones, and which are 
remarkable for the variety and abundance of the species which 
they contain. We allude to the Hallstadt and St* &ssian beda 
But the princi}>al palaeontological feature of the Reaper is the 
astonishing variety of its reptiles. It is probable that the bone 
breccia of Somersetshire and WurtembUrg containing the ear-^ 
liest known mammaliikn remains, vie., Mierekstei aiUtquitB^ and 
a few other species, appertain to tne Keuper. 
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T ABRADOR BOCKS. [Uui«ntian Foriution, E. C. S.] 

LARYNX [E. C. vol. iiL cola. 350—3551 Th^ loijnx is 
more especially the organ of phonation, aua together with the 
tongue and other parts of the mouth, it constitutes the apparatus 
by which articulation is effected. As a det^ed account has 
already been given of the various parts of which the larynx con- 
sists, of the positions, attachments, and functions of the various 
muscles, we need not go over that ground again. As additional 
observations we may notice that a muscle passing from the thy- 
roid cartilage to the sternum, the stemo-thyroidei, has an im- 
portant share in aiding phonation. It acts by depressing the 
thyi'oid cartilage, and so imparting that increased tension of the 
larynx generally^ as will facilitate those rapid vibrations of the 
vocal cords which residt in the production of the highest notes. 
The position of the epiglottis is normally semi-erect, but in 
many persons it assumes a more depressed or horizontal posi- 
tion so as to diminish the area through which the air passes 
through the laryngeal orifice. This is accompanied by mcon- 
venience if not by predisposition to certain diseases. A person 
with a pendent epiglottis, other things being eaual, will have 
less freedom of breathing than one in whom tnat cartilage is 
semi-erect. In all pulmonary affections individuals with pendent 
epiglottis are at a disadvantage as compared with those in which 
it has the normal position. 

But there are other variations in the larynx of an important 
kind, namely, those which occur between different peoples. This 
subject has not received systematic investigation, but Sir G. 
Duncan Gibb has pointed out that the larynx of the negro pre- 
sents essential points of difference from those of the white man, 
b;^ which term lie probably means Europeans. Since there is a 
difference between the phouating organs of the two above men- 
tioned sections of humanity it may be expected that ther« is 
consic^prable diversity in those of humanity in general The 
shape of the larynx as seen &om above vanes according to the 
activity of breathing and the sound which is being produced. 
In the white man the outline as defined by the base of the epi- 
glottis, the cricoid cartilage, and the arytenoid cartilages is semi- 
circular, and the hindmost maigin is broadly rotund. In the 
black man the shape is much more elliptic, the hinder portion 
being narrower than any other part. At the oack part of this out- 
line are two reniform bodies which form the summit of the ary- 
tenoid cartilages, and are specially termed the tubercles of 
Santorini. These are invariably present in the normal larynges 
of 8l\1 men. Between these ana the epiglottis the cuneiform 
bodies or cartilages of Wrisbei^ are situated when present. 
They are frequently entirely absent in the white man, are 
present in a rudimentarv condition in some, but are very rarely 
conspicuous. In the black man, on the other hand, they are 
seldom if ever absent, and are, in the great majority of instances, 
well developed. Sir G. D. Gibb describes them as small adipose 
masses of the size of peas, and urges that the presence or absence 
of these cartilages would alone suffice to distinguish the larynges 
of the two groups of mankind. In the central portion of the 
laryngeal area there are the vocal cords proper, then, external to 
these, and on a somewhat higher level, the aperture o{^ space 
which separates each true from each false vocal cor^^^his space 
is the ventricle of Morgagni. In the white map/tne vocal cords 
have their broad surfaces horizontal, wherea^^ the black man 
they shelve or dip outwards ; the angle of^^p varying in indi- 
viduals, but always well-marked. The Yentricles in the white 
man have their floors nearly or quite #{n a level with the vocal 
cords, and project horizontally or ajijghtly upwards in an out- 
ward direction. Hence when the la^^ox is looked at from above, 
their apertures are barely visible^ appearing only as a narrow 
dark line. In the black man tkese cavities project downwards 
at a high angle, so that the large proportion of them is situated 
below the level of the vocal crfrd. Owine to the oblicjue disposi- 
tion of both the cords and ,the ventricles a view from aoove 
enables one to look right into the cavities. As these cavities are 
bounded by the thyro-ar^tenoid muscles these muscles must 
necessarily be differently disposed relatively to other parts of the 
lamix in the white than^ Uie black man. 

The Santorinian and Wnsbergian cartilages occur in many of 



/ 



the vertebrate orders, In the QuadrmMma they are usually 
present, but in most platyriiines they are coalesced into one 
mass, whereas in most catarhines they are distinct. In some 
of the loud-voiced monkeys the lar}aigeal ventricles are more 
highly developed and more numerous than in man. The male 
gorilla has very large cavities, and, as is well known, his voice 
resoimds for immense distances through its native foiests; the 
Mycetes have exceedingly voluminous cavities diverging from 
the sides of the lamix and pharynx, and, as Owen remarks, 
"travellers in the forests of tropical Ajnerica testify to the 
astounding tones emitted by these far-heard 'howling* mon- 
keys." In the cats, horses, bears, and other families, the Santo- 
rinian and Wrisbergian cartilages are developed in various 
degrees, and in many the laryngeal sacs or ventricles are large. 
The loud-roaring lion, the resoimding ass, the neighing horse, 
and other strong- voiced creatures, have deep ventricles ; while 
the feeble-voicea sloths, whales, &c., have those cavities very 
shallow ; while the mute armadillos have no ventricles at alL 

The assiduous use of the laryngoscope of late years has enabled 
observers to fiEuniliaiise themselves with the variations in the 
structure of the larynx, and with the changes of position which 
its various visible parts undergo during the production of sounds. 
These researches have been principally carried on by Czermak, 
Garcia, and Gibb. As a sequel to the observations of Miiller and 
Magendie [E. 0. vol. iii. col. 354], we give Dr. Carpenter's sum- 
mary of what Czermak has ascertained. " The appearances which 
§ resent themselves when the interior of the larynx is examined 
minglife are, according to Professor Czermak, that in the almost 
semilunar space bounded by the posterior wall of the pharynx, 
and the base of the tongue, the upper curved free edge of the 
epiglottis is seen, its lateral portions just touching the posterior 
pnaryngeal wall, and its central portion arc^inc forwards, so as 
to leave an interval for the passage of air in me median line. 
Near the centre of the cleft, between the upper bolder of the 
epiglottis and the wall of tne pharynx, a transverse band or 
cushion is also seen, of a reddish colour, and formed by the edge 
of the fold of mucous membrane sustained between the two 
separated arytenoid cartilages. The anterior outline of the fold 
is concave in front, and forms, with the superior border of the 
epiglottis, which is concave benind, and situated a little higher, a 
narrow transversely elliptical fissure. If the vowel a be now 
sounded as in o^ or e/^, the semilunar space behind the base of 
the tongue is enlarged, the epiglottis rises and separates from the 
posterior wall of the pharynx, the glottis becomes widely opened, 
and a considerable portion of the anterior wall of the trachea can 
be perceived. A small rounded swelling, situated to the outer 
side of the tubercles of Santorini, which was previously concealed 
by the lateral border of the epiglottis, now also comes into view. 
The movements of the arytenoid cartilages dunns the production 
of vocal sounds can be very distinctly observed by the laryngo- 
scope ; and the account given by Professor Czermak possesses 
considerable interest, since it fully corroborates the views derived 
from theory and experiment on tne dead subject, which had been 
expressed before the introduction of the instrument. As soon as 
we wish to utter a sound, the two arytenoid cartilages raise 
themselves in the fold of mucous membrane which covera them, 
and approach one another with surprising mobility. This move- 
ment effects the approximation of the vocal cords, and conse- 
quently the constriction of the glottis. The study of the mode 
of the gravest chest sounds is extremely difficult on account of 
the arytenoid cartilages becoming elevated, and rapidly ap- 
proaching one another, until they come almost into complete 
contact, whilst they bend imder the depressed epiglottis in such 
a manner, that the latter, as viewed ^ the laryngoscope, entirely 
conceals the interior of the la^rnx. During the emission of the 
most acute sounds the glottis is contracted in a linear form ; on 
each side we perceive the vocal cords distinguished by their 
whitish-yellow colour, and a little to the outer side is a narrow 
groove indicating the position of the ventricles of Moigagni. 
Farther outwards again are iJie false or superior vocal cords. 
These parts, with the erected arytenoid cartilages, the epiglottis 
pulled upwiffds and forwards, and the aryteno-epiglotudean 
ligaments, together form a short and stiff tube situated above the 
glottis; the whole appearing, from the sensations we experience 
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during the experiment, to be in a state of very great tension." 
Garcia's explanation of the falsetto voice is similar to that offered 
by Miiller, viz. , that in the production of the chest notes the parts 
are of low tension, and the ligaments vibrate throughout; whereas 
when the high falsetto notes are produced a portion only of the 
vocal ligaments are vibrated. The nimiber of vibrations per 
second varies from 80 to 999. The average length of each cora in 
males is *73 inch when at rest, and *93 inch when most extended ; 
while the range in females is from *51 to '63 inch. The extreme 
delicacy of the organ, and the perfect control which a practised 
singer has over it, is manifest m>m Madame Mara's case. The 
compass of her voice was three octaves, or 21 tones. Between 
each tone she could sound at will 100 distinct intervals. As each 
interval corresponds to a definite length of the vocal cords, she 
was able to give each cord any one of 2I(X) lengths at discretion. 
As the length varied only by one-eighth of an inch, the difference 
between any two intervals corresponded to an extension or con- 
traction of rather less than the seventeen-thousandth part of an 
inch. Dr. Carpenter nr^ea that the utterance of sounds is essen- 
tially an instinctive action, since no note can be produced at 
wUl unless the mind can recall the kind of effort formerly 
required to indicate that note when sounded, or imless the note 
is produced at the time^ and the correct position ascertained by 
experimental efforts. His position may oe exemplified thus : — 
A deaf man might know that a certain sound was produced by 
vibrating his vocal cords a certain number of times per minute ; 
and he might also know what shoidd be the length of his cords, 
and what their degree of tension, in order to make them vibrate 
at this speed when a current of air is expelled through the 
glottis, tiuch a man, we think Dr. Carpenter would say, would 
be incapable of emitting that note at will. Some experiments 
made by Dr. Qibb, however, indicate that the will has consider- 
able control over all parts of the larynx, at least in some indi- 
viduals; and that to a far greater extent than is usually sup- 
posed. Thus, he says that *' if he deeply inspires, and forcibly 
or strongly draws in the air, the glottis is seen widely open, the 
thyro-ai^rtenoid muscles and vocal cords are drawn laterally out- 
wards, and under favourable circumstances the trachea can be 
seen throughout its entire length, permitting of a view of its 
bifurcation and commencement of the bronchml tubes. This act 
is accomplished during breathing by the action of the posterior 
crico-ary tenoid muscles. If, on the other hand, the breathing is 
arrested for a few moments, and the action of the little muscles 
excited by the will, there is seen a remarkable phenomenon, 
which consists in the opening and shutting of the glottis with 
extreme rapidity in the same manner as the blades of a pair of 
scissors. The glottis may be retained of a triangular shape, per- 
fectly motionless, or kept auite shut, the edges remaining in con- 
tact at pleasure. So complete is the control over the laryngeal 
muscles in the author, that the balance of contraction and 
relaxation of the fibres may be so accurately regulated as to 
retain the glottis of any form, size, or width, at wUl, for some 
seconds, without an inspiration. When the lips of the glottis are 
in contact, and so retained, the pressure is such during the 
muscular contraction, that the fibres of the aryteno-epiglottic or 
Hilton's muscle are set in action, and the epiglottis is drawn 
downwards, and to some extent conceals the glottis. This last 
phenomenon further proves the voluntary -pox^eT^^S^essed over 
a set of fibres which were considered as the least Hk^ ^ ^ 
under the control of the will, for their action was callS 
modic or convulsive, which permitted of the rapid passage of 
??^r?H'*^^ glottis and its precipitation into the3hagi^» 
Dr. Gibb considers it probable that in aU persons true volS. 
power IS possessed over the laryngeal muscles and" J i i.^^ 
extent that^the glottis may bed^ ^?h a^Sfn..,^ l^f ?.._^° 



of Europe, which are supposed to be of the same age, partly from 
their position with respect to other rocks of known age, and 
pfurtly from the peculiarities in their mineralogical constitution. 

They are the oldest rocks knovm, and according to Dana, 
they form the substratum upon which all the newer rocks 
repose. This, however, is probably saying more than the facts 
belore us fairly warrant But if they are not of imiversal occur- 
rence, they certainly range over very wide areas, and probably 
appear at the ridges of a series of gigantic folds. Thus we find 
tnem in Bohemia, and proceeding westward of a north and 
south line drawn through that country, they occur in Norway 
and Sweden ; in Chamwood Forest (probably), or about the 
centre of England ; the west side of Scotland and the Malvern 
Hills (possibly) ; the promontorv of St. David's (possibly) ; and, 
csossing the Atlantic, again in ^orth America. 

In this last coimtry they occur as surface rocks over an area of 
about 200,000 square miles, the great proportion of which is 
situated to the north of the St. Lawrence river and the chain of 
lakes connected with it. Their thickness is estimated by Sir W. 
Logan at upwards of 30,000 feet, or about five geographical 
miles, and the corresponding rocks in Bavaria are estimated by 
M. Qiimbel to be 90,000 feet thick. Although much confidence 
cannot be placed in these rough estimates, it may be useful to 
compare them with ihe thiclmesses assigned to the higher and 
more richly fossiliferous formations. The Silurian formation is 
about 5 miles thick ; the Devonian, Carboniferous, and Permian 
together are about 4^ miles thick ; and all the rocks above the 
Permian do not exceed 4^ miles. If, then, we take Logan's 
estimate, the whole thickness of strata known to geologists is 
19 miles, of which the Laurentian occupies more than one-fouith. 

In this vast accumulation of matter there is buried the evi- 
dence of events which occurred at a very early period in the 
history of the globe ; but not the earliest, for there are numerous 
facts which indicate an antecedent period. 

On examining the 30,000 feet of rock in Canada, it has been 
found convenient to divide it into two portions, viz., the Lower 
Laurentian and the Upper Laurentian, or Labrador Series; 
while above them come another group of rocks, viz., the 
Huronian Series, which will be most conveniently noticed here. 

The Lower Laurentian is about 18,000 feet thick, and is 
composed of a reddish gneiss, homblendic, and micaceous 
schists, quartzite, and limestones, which alternate one with 
another in the same way as the quartzose, aluminous, and cal- 
careous strata of more recent formation ; but instead of being 
arranged in horizontal strata they are everywhere bent into 
numerous parallel folds. In manv places the stratified disposi- 
tion of the materials is clearly shown, more particularly ymere 
beds of iron ore exist Some of these beds are 100 feet thick, 
and are banded with layers of quartz rocks, gneiss, and schists, 
which strongly resemble the ^uping of sandstone, shale and 
iron ore in tne formations, which are universally admitted to be 
sedimentary. The difference between the two cases is that the 
older Laurentian materials have been subjected to the greater 
alteration, so that what were once beds of sand have become 
hardened and crystallized quartzite ; what were beds of soft mud 
and clay have become gneiss and schist ; and what was once a 
calcareous ooze has become a crystalline limestone ; and in each 
case the original sedimentary aspect has been almost entirely 
obliterated. These statements are not conjectures, but are 
capable of direct proof. These old rocks are composed of finely 
divided matter, which has doubtless been formed from, massive 
by the degradation of some older land by atmospheric and 
man -J^g^^^^^'^ * ^^^ ^ their original condition, as sediment, 
fniwSfv^iiS^^^^ ^^^ spread horizontally over laige areas by 
lormea beS^ -^ j^^j ^his it may be inferred that in the 
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and have again been swept away to enter into the construction 
of beds of more recent formation. 

The Upper Laurentian is more than 10,000 feet thick, and 
consists of crystalline rocks, which are mainly composed of 
felspars, different from the orthoclase which chiefly prevails in 
the older gneiss. The most characteristic of them are the labra- 
dorite and hypersthene rocks. The distinct character of the 
rocks of the two periods is remarkable, and is well shown by Dr. 
Sterry Hunt, in a paper referred to at the end of this article. 

In the Lower Laurentian Series the clays which contained but 
little alumina when deposited, have been metamorphosed into 
granitoid gneiss. The felspar is frequently a nearly pure potash 
felspar, but it sometimes contains a lai^e proportion of soda. 
Mica is almost entirely wanting, and is never abundant in large 
masses of this gneiss, although small bands of mica schist are 
occasionidly met with. Argifiites (which abound in potash and 
silica) appear to be absent in this series, nor is there any rock 
which seems likely to have been derived from them. Chloritic 
and chiastolite schists and kyanite are probably wanting, or are, 
at any rate, extremely rare. The alummous deposits containing 
an excess of alumina are represented by diabase, made of dark 
green pyroxene and bluish labradorite, often associated with 
red alimiiuiferous garnet, which latter material often forms 
small beds. These basic aluminous minerals form an insignifi- 
cant proportion of the rock. This series of rocks is also remark- 
able for the small amount of ferruginous matter diffused through 
its strata, from which the greater part of the iron seems to have 
been removed and accumulated m immense beds of haematite 
and ma^etic iron. Beds of pure plumbago also characterise 
this senes, and are generally found in limestones. They are 
here developed to an extent unknown in more recent strata, and 
are associated with beds of apatite which sometimes have a 
thickness of several feet. The serpentines of this series are 
generally pale in colour, contain much water, little iron, and no 
chrome or nickel. 

The Upper Laurentian Series is characterized by great beds 
mainly composed of the triclinic felspars, and more especiallv 
those which contain the smaller proportion of silicic acid, sucn 
as anorthite and labradorite. They sometimes form mountain 
masses almost without admixture, but at other times they con- 
tain a little pyroxene. Beds of hypersthenite, and of rocks 
resembling hyperite and diabase also occur in this series. Their 
structure is generally granitoid, but is often compact; their colour 
is grayish, greenish, or bluish, except on the weathered surfaces, 
which are usually white. The opalescent labradorite rock of 
Labrador is perhans the most characteristic of this group ; it 
often contains small quantities of red garnet and brown mica, 
and more rarely quartz and epidote. Ma^etic iron and ilmenite 
is disseminated through these rocks, ana here and there form 
beds of considerable size. These felspar rocks, or anorthosiUs, as 
they are sometimes termed, make up the great bulk of the series; 
but they are associated with beds of qiuulzose orthoclase gneiss 
and crystalline limestones, which we have seen are abundantly 
developed in the Lower Laurentian Series. 

As the Upper Laurentian rocks have been derived from the 
waste of some still older land, and as their composition as a 
whole differs so widely from that of the Lower Laurentian rocks, 
it seems probable that the materials forming them have been 
derived from different areas ; and that in the one area the richly 
silicated felspars, such as orUioclase. predominated ; while in the 
other feebly sUicated felspars, such as labradorite, were most 

Prevalent. It therefore appears to us more probable that the 
laurentian, or Fundamental, gneiss represents a portion only of 
a variously constituted earth rather than the first solidified 
stratum of the earth's crust. 

The third group of rocks, or the Huronian Series, rests uncon- 
fomiably upon the folded and denuded Upper Laurentian rocks; 
and this forms another break in the succession of strata. It 
occupies an area upwards of 700 miles in length on the south- 
east and north-west sides of Lake Superior, and is probably 
largely developed in Norway and other parts of Europe. In 
North America its thickness is about 18,000 feet. The most 
abundant rocks are auartzite and chloritic slates with which are 
interstratified several bands of crystalline limestone, mica schist, 
diorite, granite, and gneiss. It is remarkable for the great abun- 
dance of its conglomerates, which frequently contain pebbles 
(such as red jasper) and boulders derived from the gneiss and 
other crystalhne rocks of the Laurentian Series. Its unconform- 
ability to the Laurentian rocks is not universal, for it has been 
observed to rest conformably upon them in several localities : 
as for instance near Fort Wuliam on the north shore of Lake 



Superior ; at the lower end of the Second Portage above the 
Grand Falls ; and at Dovrefield in Norway, and in other Euro- 
pean and American localities. But the most striking feature of 
the Huronian group (if we except its conglomerates) is the 
remarkable abundance of metalliferous ores which it contains. 
The great ferriferous beds and mountains of Dannemora and 
Qellivara in Sweden ; at Marquette in Michigan ; and probably 
those of Missouri, are assigned to this series ; as also the copper- 
bearing beds around Lake Superior. Dr. Bigsby (* Q. J. Geol. 
Soc.,' vol. xix. p. 45) has endeavoured to show that the Huro- 
nian Series forms an older geological group than the Cambrian^ 

The principle characteristics of the rocKs above-mentioned are 
thus concisely stated by Dana (* Manual of Geol.,' p. 139) : (1.) 
The azoic rocks are nearly all ciystalline rocks, a few sandstones, 
slates, and conglomerates are the only exceptions ; and these are 
excessively hard rocks. (2.) The crystalline rocks are remark- 
able for the small amount of silica they contain ^a fact noticed 
by T. S. Hunt). This is seen in the absence oi quartz from 
many of the rocks (the diorite, Labrador rock, hyperite), and the 
abundance of felspars, like labradorite, that have a low propor- 
tion of silica. (3.) The prevalence of iron is another characte- 
ristic. This is seen in the abundance of the minerals (silicates) 
containing iron, as hornblende, hypersthene, chlorite, garnet; 
also the reddish colour of much of tne felspar ; also the beds of 
iron ore, which exceed in extent those of any other age. (4.) 
There are none of the simple silicates of alumina. 

The time that was occupied in building up, or rather re-ar- 
ranging from older materials milea of strata, must have been 
considerable ; and it may be asked whether it was all required 
for preparing the world for living creatures, or is there any 
evidence that life had already appeared? There is strong pre- 
sumptive evidence that life haa commenced before the ena of 
the Lower Laurentian. In 1858 Mr. McCulloch found in one of 
the bands of limestone certain concentric markings which re- 
sembled those of Stromatopora, but few persons were at that 
time disposed to believe they were fossils. Some years after- 
wards a number of other specimens were obtained, also from 
Lower Laurentian limestones, which were pronounced to be 
Foraminifera of a high grade of organization, and named by Dr. 
Dawson Eozoon Ganadense, This view has also been supported 
by Dr. Carpenter. The evidence in support of this opinion will 
be found in full in -papers by those gentlemen in the 21st and 
23rd vols, of the 'Quart Joum. of the Geolo^cal Society.' 
These announcements led to the discovery of similar specimens 
in the Laurentian rocks of Europe. According to Professors 
King and Rowney, the appearances in all these specimens are 
not due to the former existence of Foramiiniferaf but are simply 
the results of a peculiar aggregation of certain minerals (' Q. «f . 
Geol. Soc,'xxii. p. 185; xxv, p. 115). In the same volumes 
will be foimd Dr. Carpenter's reply to the objections raised 
against the foraminiferal origin of these appearances. The 
result of the discussion appears to be in favour of the eozoonal 
rock having been laigely composed of the fragmentary remains 
of a rhizopodouB sheU. [Foraminifera, £. C. S.l But setting 
aside the case of the Eozoon it is not improbable that the gra- 
phite and anthracite found in the Laurentian rocks have been 
formed from vegetable remains. Amongst other supposed indi- 
cations of life contemporary with the formation of tne eozoonal 
limestone are rotund perforations which have been filled up 
with rounded sand more or less stained with ferruginous and 
carbonaceous matters, more especially at the outer margin. 

(Logan, Geology of Ganada, 1863 ; Hunt, in Geohgif of Ganada^ 
1863 ; Logan, Q. J, QeoL Soc,, xxi p. 45 ; Bigsby, Q, J. GeoL 
Soc., xix. p. 36 ; Murchison, Q. J. GeoL Soc,, xix. p. 354 ; Mur- 
chison, Situria, 4th edition.) 

LEMURIDiE [E. C. voL iii. cols. 381—392 ; Cheiromys, E. C, 
voL i. cols. 957, 958 ; Lichanotds, E. C, vol. iiL cols. 423, 424]. 
Numerous contributions have recently been ^iven to the 
scientific world which have thrown more or less bght upon the 
structure of this remarkable group and the place which it 
occupies in the general plan of creation. Still the classification 
proposed appears to us to be in many instances only tentative 
efforts to represent the truth, rather than the final attainment 
of that end. The definition of groups and genera seem to depend 
too much upon a few prominent osseous and external characters ; 
they have, m our opinion, too much of mere description and too 
little infusion of that spirit which feels that every creature is a 
wonderfully contrived machine, adapted for particular purposes, 
and whose structure varies with those purposes. 

In 1851 Geoffroy divided the Lemuroid animals into three 
families, viz., the LemuridcB, Tari%d€B, and Gheiromyidoe ; and tii« 
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iamily JUamridm wm itself divided into three sub-familiea, 

accoroijig to the nmnbei of the teeth, tbiw : — 

5 5 

I. IndrUina, Grinder?, ^— -; lower cutting teeth, 3 ; or 30 

o — o 

altofi«ther. This includes the genera Indrii, PropitKeeui, and 

II. Lemurim. Grinders, HZIr ; lower cutting teeth, 4 ; or 36 

altogether. 

Tarsus moderate, or of the usual leng^. It includes the 
genera l^emur, Hapalmur^ Lepilemur, Oheirogaleus, FerodicticuSy 
Nycttcdmif and Lfrris. 

III. Qalagina. Grinders, ^--g; lower cutting teeth, 4; or 

36 in alL Tarsus elon^te. Genera : Mierocthus and Qaiago, 

The classification of JDahlhom has much resemblance to the 
foregoing, although Uiat zoologist relies principally upon the 
comparative lengUi of the tarsus and metatarsus. He recognises 
three groups, via. : — 

I. The PronmuB braehykurMOj or those forms which have the 
tarsi shorter than the metatarsi Genera: Indris, AvahiB^ and 
Frcffiihecus, 

IT. The ProiimuB itotana, in which the tarsi and metatarsi are 
of equal length. Genera : PerodicHcus, Nyctxcebus, Lorit, Lemur, 
LepiUmw, and CheirogaUiu, 

III. The ProiimuB macrotarMB, with the tarai much larger than 
the metatarsi. Genera: Oalago, H&mi^akigo, Micrac^ui, and 
Taniui, The first two groups are combmed to form the familv 
Ltmurida, which is consequently almost co-extensive with 
Geoffiro/s group of the same name. The last group is separated 
to form a mstinct family, and OheiromyB is the type of a third 
family, the QHriiimud, 

In Doth these classifications there is a triple division of the 
lemuroid animals into families. In both the great majority of 
the genera are placed in one family, the Lemuridcg. The 
Tariidm of Ckofflroy, embraces but one genus, Tartiua ; but 
Dahlbom associates with it the genera which Geo&oy placies in 
his sub-family, 0<Uagina, In both a family is constituted for 
the peculiar genus, Cheiromy$; Geofl^y caUs it Cheiromyiday 
and Dahlbom Gliritvmiai, 

Dr. J. E. Gray's classification, which we append, is very 
similar to GeoflEroy's in its main features ; but ne includes the 
GaUopithecidas amongst the Lemturoids, of which they form a 
fourtn family. 

Family I.— Lehuridjb. 
o 2 1 1 

Cutting teeth, -^ or -j- ; the upper far apart ; the 

lower compressed, delving forward ; the two outer lai^er, 
opposed to the space between the upper cutting teeth. The 
fingers and toes iree, well-developed ; the first hind-toe shorter, 
with an elongate curved claw, 

I. The head elongate ; face developed ; eyes moderate ; hind- 
legs elongate ; fingers well developed, normal. 

* Teeth 30 ; hind-foot very short ; great toe long. Indrisina, 

1. Indris, Tail none. 

2. Propithecus, Tail elongate, 

** Teeth 36 ; tail elongate ; great toe broad. Lemwrina. 
a. Feet short ; ears moderate. 

3. Varecia. Head surrounded by a ruif ; ears tufted. 

4. Lemur, Head without any ruflf ; wrist with a narrow bold 
line and pad above. 

5. Proaimia, Head without any ruff ; ears externally hairyj 
wrist hairy. 

(. Teeth elongate ; ears large. 

6. Otogale, 

II. Head short ; face short, tapering ; eyes (and orbits) very 
large. 

* Hind-legs elongate ; tail elongate, 

t Teeth 30 ; feet, short, broad. Microrhynekintk 

7. Microrhynchus, 

tt Teeth 36 ; feet short, broad. Oalaganina, 

8. Haj>alemwr, Ears moderate ; upper cutting teeth on the 
inside of canine. 

9. CheirogcUeut, Ears moderate ; upper cutting teeth in an 
arched series. 

10. LejoiUmur, Ears large, elongate ; upper cutting teeth in 
an archea series. Tail with close- set, short nair. 

1 1. GaUotui. Ears very luge, contractile. Tail with bushy hairs, 
ttt Teeth 36 ; feet elongate, slender. 



12. Oalago. 

** Fore and hind-feet ^ual ; tail none, feet short 

t The hands normal ; fingers &ee ; index dawed, L<niHna, 

13. Nycticebm. Limbs short 

14. Lorii, Limbs elongate ; slender, 

tt Hands broad, short ; index finger abortive \ clawless, 
Perodicticina, 

15. Perodictieut. 

16. Arctocebw, 

Family XI,— Tabsidjl 

4 
Cutting teeth, -, erect, cylindrical, conical ; the two upper 

front ones elongate, acute ; the lower ascending obliquely, crowded 

o-~-6 
between the canines; grinders, ^ — g. The fingers and toes free, 

well developed ; the first and second hind-toes shorter, each with 
an elongate curved claw. Head short. Eyes and orbits very 
large. Limbs free, elongate. Foot very long, as long as the 
shin. Tail elongate, hairy. 

17. Tar situ. 

Family III. — Daubsntoniaba. 
Cutting teeth, x, compressed, large ; canines none ; grinders, 

4 — 4 

7^^. Limbs free. The fingers and toes well developed. The 

fingers very long and slender. The CTeat toe broad. The index 



finger with a long curved claw. Face short Tail elongate, 
hairy. 

18. Danbentoniaf Geoffiroy, Syn, Cheiromys, Cuvier, 

Family IV. — GALBOPiTHBCiDiE. 
Cutting teeth, m. The upper middle small, side one com- 
pressed ; lower shelving, pectinate ; canines, - — • like the mo- 

5—5 

lars ; grinder?, t—j^* Limbs and tail united by a membrane 

covered with flir. Limbs short, sub-equal. Fingers and toes 
short, sub-equal, compressed, united by a membrane. 

19. GaUopithecm. 

Mr. 8t George Mivarf s classification is thus given by him in 
the Proceedings of the Zoological Society for 1864 and 1867 :— 

Sub-order, Lemuroidea, 

Family I, Lsmuriba. 

2 — 2 1—1 

Sub-family 1. Indrt$in<e, — Incisors, —r-; canines, - — -; pre- 
molars, ^ — -; molars, — ■= 30. 



1-1' 



2 — 2 3—^ 

It includes the genera Indris, Propithecus, and Microrhynchus, 

2 — 2 

Sub-family 2. LemuriruB, — Incisors, — — (except in Lepi- 

^ I 1 

(emur, in which there are none in the upper jaw) ; canines, - — ; 

3—3 , 3—3 ~ 



premolars, 



molars. 



Tarsus short, or with the 



3—3' ^ ' 3—3 
cuboid and naticulare subequal in length ; hind limbs con- 
siderably longer than the fore limbs ; tail at least equalling two- 
thirds the length of the body ; mastoidal region of the periotic 
not inflated (?) ; dorsal and lumbar vertebrse together never 
exceeding twenty ; gall-bladder with its base turned towards the 
back. 

In this sub-family are included the genera Lemur, Ilapalemur, 
Microuhus, CheirogaUus, and Lepilemur, 

2 — 2 1—1 

Sub-family 3, JVyc*tc^tkP. —Incisors, ; canines, 

o o 3 o 4 1 — 1 f 

premolars, - — - ; and molars, - — -. Fore and hind limbs sub- 
3 — 3 3 — 3 

eoual in length ; taU short (always shorter than half the length 
01 ike bod}'), rudimentary, or absent ; tarsus short ; third upper 
premolar with only one large external cusp, and consideraoly 
smaller than the first upper molar; an oblique ridge to the 
upper molars ; first upper premolar more or less exceeding the 
second in vertical extent ; mastoidal region of periotic inflated ; 
one opening representing both the sphenoidal fii^ure and the fora- 
men rotundus; carotid foramen conspicuous; dorsal vertebro 
alwavs fourteen or more ; lumbar verteorss always seven or more ; 
gall-bladder, with its fundus, not turned towards the back. 
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It embraces the getiera NycticehuS, Lorii, Perodicticuij and 

Arctocebus. 

2—3 . 1—1 

Sub-family 4. Galaginitut.^lnciBOTB^ — j- ; caninesj 



1—1 



premolars, 



3—3 



molats, 



3-3 



Upper incisors snliequal ; first 



3—3 ' ' 3—3* 

upper premolar longer than the second ; third Uuper premolar 
with two large external cusps, and about equalling the first 
molar in size ; upper molar with the oblique ridge : postero- 
internal cusp of second and third molars well developed ; hind 
limbs much longer than the fore ; tarsus very lon^ ; calcaneuni 
more than one-third the length of the tibia ; naviculare much 
longer than the cuboid ; ears very larce ; taU- longer than the 
body ; mastoidal region of periotic inflated j no interparietal ; 
carotid foramen conspicuous in the basis cranii ; one opening 
representing both foramen rotundus and sphenoidal fissure ; 
dorsal vertebn© thirteen ; lumbar vertebr© six ; gall-bladder 
with its base not turned towards the back. 

This includes Galaao, with its sub-genus Otolemur, Otogale, 
Otolicnus, and Eemigalago, , , ^, . 

In addition to these he has the families Tarsida and Ghei' 
r(mytdai, each with its single representative genus. In connec- 
tion with the above classification, we will append his condensed 
remarks on the axial skeleton of the sub-order, and the relation 
between the Lemuroids and the Anthi-opoids. ^ 

The lemuroids are in marked contrast to the anthropoids, on 
account of their great variety of structure. The transverse pro- 
cesses of the atlafl almost always have their extremities inclined 
ventrally, and very often the atlas has but one posterior 
articular surface, the two posterior zygapophyses uniting in the 
middle Hne. The transverse process of the fifth cervical ver- 
tebra is sometimes simple, and does not bifurcate. The trans- 
verse process of all the cervical vertebras project more sharply 
backwards than in the Anih/ropoidoR, The ribs are never so few 
as eleven pairs, while they are occasionally as many as sutteen 
pairs. There are sometimes as many as mne lumbar vertebi-sn. 
The increase in breadth and length of the posterior as compared 
with the anterior dorsal vertebrss is very slight. Sometimes the 
third, fourth, fifth and sixth cervical vertebrae are quite desti- 
tute of neural spines. The cervical vertebrae are often very 
much extended antero-posteriorly. The sternum is never formed 
of so few as two or three bones in the adult ; and the first three 
caudal vertebrae are short Except in the Nycticdnna the atlas 
is furnished with wide and long transverse processes ; there are, 
with the same exception, never more than thirteen pairs of ribs, 
but (except in Indi-ui) always hjpapophyses and more or less 
complete chevron bones, and, as in the Anthropoidea, the neura- 
pophyses are not perforated by the spinal nerves. 

The Nycticebinas contains several aberrants whose vertebral 
structure has several points Which remind one of the same parts 
in man and the higher apes. The atlas has less extended trans- 
verse processes than in tne other Lemuridai, and sometimes two 
articuhir surfaces for junction with the axis ; spine of axis bifid 
or trifid; transverse process of the third cervical vertebra always^ 
those of the fourth and fifth cervicaLs sometimes, bifurcated; 
cervical vertebrae very short, and therefore quite unlike those of 
Ltmur and Indris; dorsal and lumbar spine all inclined back- 
wards, but sometimes the latter are inclmed slightly forwards ; 
increase in length and breadth of dorsal vertebrae backwards 
very slight ; metapophyscs mostly inconspicuous but sometimes 
developed in the cervical region ; anapophyses but little deve- 
loped ; sacrum long and tapering posteriorly ; caudal vertebrae 
few, no caudal hypapophyses ; increase in length of the lumbar 
vertebral bodies as compared with the dorsal at its minimum ; 
neurapophyses sometimes direcUy perforated by the spinal 
nerves ; ribs from fourteen to sixteen pairs ; dorsal region rela- 
tively much extended, cervical region very little so. 

In the GalagincB the atlas has only one articular surface 
behind j the axis has a simple or bifurcated spinous process ; the 
spines of idl the cervical vertebrae posterior to the axis are 
almost or quite obsolete; there are thirteen dorsal and six 
lumbar vertebrae; the twelfth or thirteenth dorsal spine is 
turned forwards ; the metapophyses and anapophyses are dis- 
tinct ; hyperapophyses at their maximum in lumbar region ; the 

first dorsal spine long. 

In the Tamda the cervical spines are almost obsolete; the 
first dorsal spine very small ; the lumbar apophyses very faintly 
marked; the metapophyses more distinct in the first three 
caudali than in all t&e rest of the spine ; and the hyperapophyses 
are absent 



In the Gheiromyida the atlas has two distinct articular surfaces 
for junction with the axis ; the spines of the third, fourth, fifth, 
sixth, and seventh cervical vertebrae are almost obsolete: the 
thirteenth dorsal spine is turned forwards; a process Hke a 
second anapophysis occurs in some lumbar vertebrae ; the trans- 
verse process of the fourth cervical vertebrae bifurcates. There 
are nine pairs of true ribs ; two sacral vertebrae ; no hyperapo- 
physes ; and no distinct metapophyses or anapophyses in the 
cervical region. 

Mr. Mivart thus sutiis up his ideas of the classification of the 
Primates, which present us (as regards their vertebral column 
only) with four principal types of structure, well represented 
respectively by (1) Simla, (2) Cfrcopitheeus, (3) Nycticebrts, and 
(4) Lemur, — the first having, however, many parts in common 
with the third, and the second with the fourth ; so that the 
affinities between the various groups of the order (as regards 
their spinal character^ toay be represented under the symbol of 
a tree. The trunk oi such a tree (see diagram) divides into two 
main branches — one of them representing the forms possessing 
few caudal vertebrae, an elongated tapering sacrum, incon- 
spicuous metapophyses or anapophvses^ several spines of trunk 
nearly always vertical or backwaraly mclined, and that of the 
axis more or less bifid or trifid, cervical vertebrae short, and 
cervical spines sometimes venr produced, that is to say, the 
forms included in the family nominidce and in the sub- families 
Simiina and NffcHceMnce ; the other, main branch representing 
all the rest of the order, and possessing the characters attributed 
above to the Simiida (other than the Simiinae), the Cehida;, the 
HapalidfB, and the Lemuroidea in common. The first main 
branch gives oflf a secondary one to represent the Nyciicebinm, 
and this divides into three others for (1) Homo, (2) Troglodytes 
and Simia, and (3) Hylobates, The second main branch bifur- 
cates, its first division representing the Simiido!, other than the 
Simiinoe, together with the Gehidm and Hapalidm; its second 
denoting the Lemuroidea other than the Nycticehince, From 
both the Semnopithednoi and GynopitheciruB, Inuus and Cyno^ 
cepkalus distinguish themselves as separate twigs ; and Ateles 
diverces firom the Cebida generally, and very interestingly 
parallels Hylohatei in its long cervical neural laminae, backwaraly 
inclined neural spines of trunk vertebrae, large transverse dia- 
meter of thorax, and slightly marked metapophyses and anapo- 
physes ; Mycetes and Lagothrix also, >vith their marked hypera- 
pophyses, and Ckrysotkrix. with its undivided caudal transverse 
processes, are also special forms. The genera Oalago, Tarsius, 
and Cheiromys, with their rudimentary cervical spines, diverge 
so much from the typical Lemurs that they might almost be 
represented in a distinct primary division of the second main 
branch, instead of a subdiwion of that bifurcation which culmi- 
nates in Lemur, and which gives off a twig to represent Indris— 
a form, as we ha^'e seen, almost, if not quite, as distinct amongst 
the Lemuroidea as Homo is amongst the Anwropoidea, 
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LEPTOMERIA. A genus of plants belonging to the order 
SantalaceaSj of which the sandal-wood tiee of the East is the best 
known example. This genera is met with in many parts of 
Australia, but especially abounds in the neighbourhood of Swan 
river. Some twenty species have been described, which, like 
the common broom of England, are tall shrubs, with a profusion 
of long erect branches bearing spikes of very minute flowers, 
and few or no leaves. L, BiUardteri bears greenish red berries, 
which have a pleasant acid taste, and are used by the colonists 
for making preserves and in the preparation of acidulous drinks. 
L, acerha al&o produces a similar firuit, which is used for similar 
purposes. Hence both the kinds of berries are familiarly known 
as currants amongst Australian colonists. 

gjindley and Moore, Treasury of Botany,) 
lASSIC FORMATION [E. C. vol. iii. cols. 441, 442 ; 
Oolite, E. C. vol. iv. cols. 89, 90]. When the palaeozoic period, 
or that portion of it which is represented by recognisable sedi- 
mentary deposits, came to a close, great chimges were produced. 
The main result of these appears to have been to divert the 
detritus-bearing currents fjx)m their original courses, and to 
elevate the suriaces over which they flowed above the sea-leveL 
In all the localities which have been examined there would 
seem to have been a long suspension of strata-forming actions. 
In Europe and many other districts the next beds belong to the 
mesozoic age, and are usually barren or almost sterile in organic 
remains, although in places fossils are abundant, varied, and of 
remarkable character. We refer to the triassic group. Next to 
these follow a succession of strata, which, when fully developed, 
may present a thickness of 1500 or 2000 feet These swarm 
witn organic remains of almost every description, from the lowly 
Foraminifera to the predaceous Ichthyosaurus and PUsiosaurus, 
The lower portion of this series comprise the Rhatic or Penarth 
beds, and the higher the great Liassic formation. The Rhastic 
beds are of very local development, and were formerly con- 
sidered to form a portion of the same set of beds with the lias, 
but are now generally regarded as distinct therefrom as the lias 
itself is from the lower oolites. In E. C. vol. iv. coL 89, they 
are described as the lowest beds of the liassic series, but in 
E. C. S. the supplementary remarks on them are given imder 
RofiTic Beds. The lower lias limestone mentioned in the same 
paragraph is higher than the RhsBtic beds, and belongs to the 
Has proper. 

During the liassic period itself there were nimierous fluctua- 
tions of sea and land, as manifested partly by the alternation of 
terrestrial with marine organisms in some of the lower lias 
strata ; partly by the absence of some of the subordinate beds 
in most localities, and jjartly by the variation in the nature of 
the rock material. Amongst the presumptive evidences of the 
old liassic land may be mentioned those gaps in the strata where 
liassic beds are partly or entirely absent. In some instances the 
absence is due to denudation which has swept away the liassic 
sediments after they were laid down, but in most there is reason 
to believe no beds were formed owing to the surface having been 
exposed to subaerial conditions. Dr. Bigsby has collected at 
random 150 instances of missing sedimentary formations, and in 
56 of them, or 37 per cent, of the whole, the Las is unrepresented. 
These instances include many in which the floor and roof of the 
gap are either both above or both below the lias, so that the per- 
centage is hardly so instructive as would be one based upon the 
number of cases in which the lias is absent from the situations 
where we should expect to find it supposing the deposition to 
have l)een continuous, and the accumulations not to have been 
swept away. However, these data indicate roughly that in the 
northern hemisphere the proportion of land to water during the 
liassic period was possibly nearly as two to three. This of course 
supposes that none of the gaps have been produced by denuda- 
tion. We will give a few illustrations of these ^aps, arranging 
them approximately according to their geographiod order. In 
Chili, Brazil, and Guiana, palaeozoic rocks are overlain by post- 
pliocene beds, so that there seems to be considerable probability 
that large portions of South America coincides with liassic land. 
In New Mexico, Texas, Tennessee, Mississippi, Alabama, Georgia, 
the carboniferous are superimposed by cretaceous beds, so that 
here again we find traces of a considerable quantity of liassic 
land. Further north, as in New Jersey, the cretaceous beds rest 
on the Laurentian gneiss. In addition to these we may refer to the 
immense area of palaeozoic rocks in North America upon which no 
signs whatever have been discovered of any mesozoic or tertiary 
strata. It is hardly credible that if such had existed in any 
laige area in Canada, the Hudson Bay Territories, or Labrador, 
they should have been entirely swept away. At present then 



we may regard most of North America as the site of land which 
existed in the liassic period. In Nova Scotia we apparently 
approach nearer to the confines of the liassic ocean, for there 
post-pliocene gravels rest upon triassic deposits. It is remark- 
able at how few localities the lias is developed in North America. 
Dana in his ' Manual ' does not instance a single spot for certain, 
but a few true liassic fossils were not long since found in the far 
west ; while oolitic fossils have been obtained from the Arctic 
regions. Crossing over to Europe we find another large area of 
Laurentian and Huronian rocks either overlain by post-pliocene 
deposits or lying bare to the sky. There are patches of post- 
Laurentian deposits, and these have been extensively denuded^ but 
throughout Norway, Lapland, Sweden, and Finland, or an area 
some 1300 miles in length and severed hundred broad, little or 
nothing is to be seen of any liassic or post-liassic sediments. Many 
parts of Scotland, Ireland, and Wales, would seem to have been 
above the water durin^j the period with which we are dealing. In 
North Devon a post-pliocene gravel formed of pre-liassic material 
rests upon carboniferous shales. In parts of Somersetshire, as 
for instance just north of Frome, the lower oolites abut against 
carboniferous limestone. A little to the south of Frome, as at 
Holwell, there are liassic conglomerates which mark the limits 
of the land and sea of the period at that locality. In Dorset- 
shire the lower lias contains insect fragments and other indica- 
tions of the vicinity of land. In Yorkshire, where cretaceous 
rest upon triassic beds, we appear to be near the margin of the 
liassic sea. From the insect, plant, and other remains found in 
the lias of south and central England, and from the generally 
quiet deposition of the beds, this area would seem to have been 
an arm of the sea, more or less protected from heavy swells. 
This is in part borne out by the absence of the lias in Middlesex, 
Essex, Hainault, Pas de Calais, and Ardennes, where strata 
newer than the lias rest upon, probably in all, palaeozoic rocks. 
In Manche miocene beds rest on the trias, so that here we again 
approach the liassic sea, which probably occupied the site of the 
Cnannel between north-west France and south-west England. 
In the Sarthe department the country did not sink below the 
waters till late in the liassic period, for there the upper lias rests 
on the upturned edges of the lower Silurian. In the department 
of Vendee upper ^reensand overlies palaeozoic beds ; in Aude 
eocene rests on similar rocks, so that there seems to have been a 

feneral prevalence of liassic land along the west side of 
'ranee. The sea then lay more towards the east In the 
Gard and Drdme departments trias is followed by Oxford 
clay; but in Corr^ze, Lot, and Isere liassic strata are spa- 
ringly developed. In the provinces of Cataluna, Guadalquivir, 
S^ovia, Mancha, and Cordoba, there are gaps in which tne lias 
is wholly unrepresented. In Valencia and Aragon beds of this 
age are found, which may have been continuous with those of 
northern Italy. In Westphalia cretaceous beds rest on carboni- 
ferous schists. In the cTrindelwald, Switzerland, oolitic strata 
are superposed on granitic and other crystalline rocks. In the 
Aargau we have a series of liassic strata, which much resemble 
those of Dorsetshire in containing insect remains, and in indi- 
cating by their condition the deposition of their materials in a 
great bay or arm of the sea. Professor Heer says, it was evidently 
protected by a long promontory or reef of rocks. That land 
existed not far off, we have already pointed out from strati- 
graphical evidence, but Professor Heer comes to the same con- 
clusion from palaeontological facts. He dwells upon the 
beautiful preservation and abimdance of the land insects. They 
could not nave been drifted far, and they could not have been 
exposed long. He believes they were washed down by a river, 
and rapidly buried in the earthy matter which it held in 
suspension. The lower beds are entirely marine, then follow 
some with the insect remains, which are asain succeeded by 
exclusively marine beds. From this he infers that the land 
was rising during the first part of the period occupied by these 
beds, which belong to the lowest lias, and are 35 feet thick ; and 
that it sank again towards its close. In Savoy oolitic reposes on 
carboniferous strata. In Hanover, Wtirtemberg, Austria, and 
Italy, liassic strata indicate that a large portion of the area was 
oceanic; and from its direction and position relatively to the 
land of eastern England, and approximate portions of France and 
Belgium, may have been continuous with tne liassic sea of York- 
shire. In Sardinia a gap between the Silurian and cretaceous 
bespeaks the presence of land there, but it does not seem to have 
been of lai^ extent. A similar gap occupies a considerable area 
in Saxony and northern Bohemia. In Poland oolites rest on 
carboniferous beds, while throughout Russia and Siberia the 
place of the lias is usuiJly represented by a gap. From this 
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rapid Bummaiy the reader may gather what was the position of 
lai^e liossic lAnds in the northern hemisphere. There are mate- 
liaiB for a far better sketch, but they are difficult to collect ; and 
geolc^ts rarely attempt to ^int out what were the contours of 
the lands and seas of the penods about which they treat. 

We will next say a few words respecting the material which 
was laid down in the older liassic seas. In Antrim, or at the 
north-east comer of Ireland, we find that the Keuper is im- 
mediately succeeded by the chalk some ten or fifteen miles south- 
west of Belfast At Colin Olen, five miles south-west of this 
town, the lower liassic series is well developed, but is accom- 
panied by the underlying Rhaetic beds. Tne Keuper is suc- 
ceeded by nearly twenty feet of dark shales, limestones, and 
sandstones, generally tmn bedded, and alternating with one 
another. The shales predominate, comprising more than seven- 
teen feet; while the limestones do not exceed twenty inches 
altogether, and are mostly grouped near the upper part of the 
section. There are a few bands of sandstone, each one or two 
inches thick. Above these comes the white lias having a thick- 
ness of more than twenty-six feet. The lowest ten feet is grey 
sandy shale, and the remainder marls and limestones. During 
the period of the deposition of these beds the conditions for the 
acciunulation of calcareous materials were gaining the ascendant, 
while the finer argillaceous deposits were becoming less pre- 
valent. Jud^g &om these facts, it would seem that Colin 
Glen was at this time some distance from the shore, and that the 
district around it was sinking. Above these come the lower 
lias beds, rather more than 38 feet thick, and composed of lime- 
stones, shales, and marls. The limestones form the lowest four 
feet, whilst marls and shales make up the remaining thirty-four, 
the shales predominating. In this area, then, the lower lias was 
deposited under nearly the same bathymetrical conditions as 
the white lias. It is not unlikely the lias was originally thicker 
and spread out further westwardly, since it is overlam by cretaceous 
stiata ; and there are signs of denudation having occurred before 
these newer beds were laid down. 

Passing into Qlamorganshire and Somersetshire the indications 
of the older liassic shore line are numerous and manifest ; and 
traces even of the fresh water courses of the period are to be de- 
tected. The westernmost extension of the lower lias in Great 
Britain occurs in Glamorganshire and Somersetshire, and in both 
coxmties the lowest beds are usually very peculiar in character, 
consisting largely of hard conglomerates and toush calcareous 
bands. This character is apparently associated with the circum- 
stance that they rest upon or overlie the carboniferous limestone, 
which in many places forms a sloping beach or cliff-like surface. 
From an examination of the area generally, there is little doubt 
that the carboniferous limestone had been elevated above the sea, 
and considerably denuded before the triassic period, and that it 
did not become a bottom of an ocean under circumstances favour- 
able for the preservation of organic remains before triassic and 
early liassic times, and that since then it has been subjected but 
slightly, if at all, to oceanic influences. The lowest conglome- 
rates in and aroimd Bridgend, Glamorganshire, consist of mate- 
rials derived almost entirely from the carboniferous limestone. 
They are formed sometimes of rolled pebbles of the limestone 
itself, which must even then have acquired a considerable degree 
of hardness and toughness, and sometimes of chert. The lime- 
stones are sometimes hard and crystalline, and sometimes soft and 
shelly, while bands of chert occur at intervals. At Southern- 
down cM, and generally along the coast, the beds are white at 
the base, and gradually become darker towards the top. Near 
the summit argillaceous materials become abundant. Riving the 
limestones through which they are disseminated a dark grey 
tint, and forming thick intercalated bands of shale. The lower 
calcareous strata are denominated by Mr. Tawney, the Sutton 
and the Southemdown series, and are regarded by him as of 
pre-liassic age ; but the general opinion of geologists now is ruled 
by the researches of Moore and other emment geologists, who 
regard them as a peculiar modification of the lower liassic group. 
At Brocastle, midway between Bridgend and Cowbridge, the 
carboniferous limestone forms a cliff, on the face of which there 
occur a conglomerate and a limestone. The conglomerate occu- 
pies the upper part of the slope, and rests immediately on the 
terraced eage of tiie carboniferous limestone; while the liassic 
limestone lies above it and occupies the lower part of the slope. 
The conglomerate has an average thickness of one foot, and the 
limestone is exposed to a depth of five feet, in which space it 
comprises several dense irregularly bedded layers, crowded with 
RhynchoneUa variabilis and coralJs. At Langan, a mile and a 
hdf north-east of Brocastle, similar deposits have been proved 
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by a shaft sunk for lead-mining. The uppermost beds were 
regularly bedded dense limestones, with partings of marls, 
imderlam by limestones having the peculiar character of the 
Sutton stone ; which are in their turn imderlain by upwards of 
150 feet of unstratified conglomerates. To the west of Bridgend 
the lias is supported by Keuper beds, and there consists of fre- 
quent alternations of limestones, marls and clays — there being 
476 beds in a little over 300 feet. These beds rarely contain 
pebbles of carboniferous limestone or of chert, and yield traces 
only of galena, a mineral which is general in sparing quantities 
in the beds of Brocastle and Langan. In South Wales the car- 
boniferous limestone is much fissured, and the fissures are filled 
in with liassic and Rhaetic materials ; but as this feature is much 
better seen in Somersetshire, we shall allude to it again presently. 
There are no sections in Somersetshire corresponding in litho- 
logical peculiarities to those at Brocastle and its vicinity, although 
we consider it probable such beds may occur on the flanks of l£e 
Mendips. The beds at Camerton resemble those to the west of 
Bridgend in consisting of alternations of limestones (or white and 
grey lias, as such limestones are called in Somersetshire), clay, 
and marl ; but the whole series is of moderate thickness. The 
lower lias is, however, particularly well shown in the Camel 
Hill railway cutting. The Keuper is there 80 feet 6 inches 
thick, and the Rhaetic beds 38 feet 8 inches. Then follow the 
white lias in 43 beds, having an aggregate thickness of 23 feet, 
and consisting almost entirely of mans and white lias ^lime- 
stones). Above this is the blue or lower lias, of whicn the 
visible portion comprises 182 beds having an aggregate thick- 
ness of 223 feet 2 inches. The blue lias consists of several sub- 
ordinate sets of beds. Lowermost are the * insect and crustacean 
beds,' which are a succession of finely laminated marls and lime- 
stones, characterised by impressions of insects. Ergon wHmcoten- 
sis, scales of LepidotuSf and possibly plants. Then follow the 
' Saurian and Ostrea beds,' a succession of marls and firestone, 
with shells of Ostrea liassica, Arrvmonites planorhisy &c.,— marls 
and limestones with marine organisms for some twenty feet 
more, when blue clays seem to take the place of the marls for 
about 80 feet ; after which blue marls agam come in and alter- 
nate with ' stone ' (probably limestone) up to the summit of the 
section, which does not seem to be above the horizon of the 
Ammumites Bucklandi zone. Within the Mendip HiUs and the 
area of the Somersetshire coal-field, the triassic, liassic, and 
oolitic beds are very feebly developed, as though this district 
had formed a shallow lagoon in the midst of the old secondary 
ocean. How great the reduction is will be manifest from the 
following figures given by Mr. Moore, which represent the 
greatest thickness of the groups of strata indicated outside the 
coal field, and their least Uiicljiess inside it : — 



Without 
coal basin. 
Feet. 

Triaancbeds 2000 

Bhaeticbeds 50 

Lower lias 700 

Middle and upper lias . ... 600 
Inferior oolite 170 

3420 



Within 

coal basin. 

Feet 

50 

50 

2 

42 

25 

169 



In Somersetshire, as already mentioned, the carboniferous 
limestone is traversed by fissures filled with deposits of subse- 
quent ages. In many cases the materials belong to the lower 
lias, and frequently occur under the most extraordinary condi- 
tions. Thus near Frome the fissures, which are not simply 
cracks, but irregular veins, which sometimes have the appearance 
of underground caves, have a general east and west l^end, and 
traverse me limestone for long distances, probably miles. Their 
appearance and character are well seen at the quarries near 
Holwell, which are opened in the carboniferous limestone. At 
first sight the excavation and the walls of the quarry appear to 
exhibit nothing but carboniferous limestone. On further ex- 
amination it is noticeable that the quanymen prefer to work 
a certain vertical course of stone ; and their reason for this is 
that the limestone is of two qualities. By working the service- 
able bands only, the bad limestone is left to project out from 
the sides of the quarries as immense vertical dykes, whose 
widths vary from a few up to twenty or thirty feet. The width 
of each dyke varies, and some of the widest can be traced up to 
mere cracks a few inches wide, through which all the material 
fiUing them has been poured. These dykes are formed of 
liassic limestone, and frequently have a character analogous to 
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mineral yeins; indeed some of tkem are mineral veins in whidi 
the principal gangue is cnrstalline carbonate of lime and the 
principal ore caroonate oi iron. These dykes contain manj 
fossiXs, which abundantly testify to the geological age of their 
formation. Examples of this kind are numerous ; but perhaps the 
most interesting is that exhibited at the Charter House lead mine 
in the highest portion of the Mendip table land. As this mine 
is now closedy and has probably been examined by one geolo- 
gist only, we giye that geologist's account of it. " The mmeral 
districts comprised in this part of the Mendips and Priddy were 
extensively worked during the Roman occupation; and the great 
industry tney manifested is shown by the enormous quantity of 
refuse slags and slimes left by them in some of its valleys. 
Owing to their imperfect mode of working, about 12^ per cent 
of lead remains, wnich is now being extracted })y several com- 
panies. In general, the lead ores of this district ^ prove' near the 
surface ; and so well and completely did the Romans appear to 
have exhausted tlie veins, tnat little has been subsequently 
worked profitably. I paia a visit to a shaft which had been 
sunk as an expenment by one of the conrpanies, but which had 
lately ceased working, at Charter House Warren. It is situated 
to the north-west of the highest carboniferous limestone plat- 
forms of the Mendips. A mile to the north the old red 
sandstone, surrounded by the carboniferous limestone shales, 
is present, the carboniferous limestone itself, both on its north 
and south flanks, being fringed by the dolomitic conglomerate, 
beyond which the new red sandstone succeeds. The nearest 
horizontal deposit of liassic age to the north is at Kempnett, 2^ 
miles distant, which yields Pecten Pollux and Lima tuoerculata. 
Two miles to the east, above Harptree, a carboniferous limestone 
basin is filled with a siliceous liassic deposit, in which are an 
abundance of Lima gigantta and Pecten Pollux, whilst to the 
south-west this formation is six miles removed. In examining 
some blocks of conglomerate brought out of the above workings, 
I detected part of a CidarU Edwardsii, and was thus induced to 
give a closer attention to it than I otherwise intended. The 
shaft was then covered up, but near it was a small heap of blue 
clay in which I found Bhynchonella variabUu^ and fragments of 
other sheUs, evidently of liassic age. I was mfonned oy one of 
the miners that this clay had been brought from the lowest part 
of the mine, before it had ceased working. To prove the 
coiTectness of this statement, and learning that the ladders had 
been left in, I induced the manager of the adjoining works to 
uncover the shaft that I might go down for its examination — a 
work, from the state of the shaft, not unattended with some 
dapger. On descending I examined several of the upper galleries, 
and found the materials therein chiefly composed of crystalline 
carbonate of lime, giving place occasionally to sulphate of 
barytes, conglomerate, ana thin bands of vertical Inuestone, 
with all the ordinary features of a mineral vein. From the end 
of one of the galleries, at a depth of 90 feet I secured some 
samples of what appeared to be a sandy deposit, but which, 
when washed, was found to be almost entirely composed of the 
dismembered joints of EncriniteSj chiefly (if not wholly) of the 
carboniferous limestone age, and with occasional small pebbles 
of haematite iron ore. Proceeding to the bottom of the shaft, 
at a depth of 270 feet, I had the pleasure of reaching the 
object ot my search, and there found a deposit of deep blue or 
greenish clay. 12 feet thick, giving the anpearance of having in 
places been deposited in thm hoiizontal layers, and therefore 
slowly, while at other spots it presented a more conglomeratic 
character, and contained driftwood, pebbles, &c. Owing to the 
difficulties attending the undertaking, and its satisfactory issue, 
I never returned to daylight with greater satisfaction than on 
this occasion. Having arranged for the removal of a quantity 
of the clay to Rath, it was there subjected to a long exanunation, 
and resulted in my finding a fauna in great part new to this 
country. Although certain that the deposit belonged to the 
lower Has, I was tnen unable to determine with any precision 
the exact horizon it would occu^ when comparea with any 
of the known stratified beds. There can be little doubt 
that the liassic seas at this period occupied the profound depths 
of the carboniferous limestone fissures, within which the oi^anic 
remains were probably living contemporaneously with the 
deposition of liassic beds at other points. The delicacy and 
perfect condition of the fossils show that their presence is not due 
to the denudation and the redisposition of previously existing 
beds within the fissures. We may deem it a most interesting fact 
and one most difficult to accoimt for by those who still advocate 
the plutonic origin of mineral veins, that from this one loccdity 
there have been obtained at least 115 species of fossils below the 



Mendip horizon for workable minfiii^lfl. A few of these in the 
vein above, and also in ^e clay at the base, are, as might be 
expected, derived from the carboniferous limestone ; but these 
specimens are readily distinguished from those of liassic age. and 
are not more than twenty in number ; they consist chiefly of 
different species of bryozoa and corals, with three species of 
brachiopooa. viz., TerebrattUa hadata^ Orthis Michetini, and 
Atrypa, I found, therefore, under these peculiar circumstances, 
about ninety-five species of lower liassic organisms, — a laiger 
fauna than had up to this time been obtained from any stratified 
bed of that age, or, I might almost say, from the whole liassic 
formation in this country. Although the veins are chiefly pro- 
ductive in their upper portions, the blue clay in which these 
remains are found is mineralized, and contains almost seven per 
cent of galena. The wood in it is converted into jet, and its 
cells filled occasionally with that mineral On perusing the 
following list, and comparing its general fauna, it will be seen 
that many of the species are identical with those from Rrocastle 
in South Wales ; and these again with others from the Sutton 
stone, to be heieafter noticed ; whilst both those localities will 
be found to have species in common to the so-called Infra-lias of 
the Cote d'Or, Valogne, Luxembourg, and Hettange. Ry an 
accident, several species of Foramintfera, in addition to the 
twelve given in the Ust, were lost. These are intimately con- 
nected with those from the Foraminifera zone at the top of the 
lower lias at Camerton. Eleven species of Entomo$traca are in- 
cluded in the list, and for their examination I am indebted to 
my friend, Professor Jones, F.G.S., who, however, assures me 
that the known forms belong to species occurring in the carbon- 
iferous rocks, some having been found also in the Permian; 
and that the new species have their allies in the same deposits. 
The Brachiopoda are of nine genera, several of them being spe- 
cifically identical with forms from the upper lias and inferior 
oolite. Leaving out the minute GcuteroioHa which appear to 
unite this deposit with the continental beds, the general fades of 
the former would connect it with the upper portion of the 
lower lias ; and the presence of Belemnita acutus, which hitherto 
has not been found lower than the upper of the Ammxmites 
Bucklandi beds, would strengthen this conclusion. Several 
small casts of Ammumites were found with them, but cannot be 
recognized specifically. Roth palseontologically and as bearing 
upon my view of the former pnysical condition of the Mendip 
Hills, the recognition for the first time of a terrestrial fauna wLll 
be considered of some interest. From the tertiary downwards, 
until the discovery by Dr. Dawson of a species of Pupa in the 
coal beds of Nova Scotia, no evidence had been obtained of any 
terrestrial moUusca, and there still remains the wide interv^ to 
be filled up. In this I have much pleasure in assisting, by record- 
ing the presence of three genera of land shells at the bottom of 
the Mendip mine, in the deposit above noticed. These are 
Vertigo, Proserpina, and Helix, I have the honour to propose 
for them the specific names Vertigo Murchisani, Proserpina 
Lyelli, and Helix Dawsoni, A single seed-vessel of Uhara, wnich 
unfortunately is not in good condition, indicates the presence of 
aquatic plants, and the occurrence of the genera Valvata and 
Pianorbis establish the presenee of terrestrial streams, and their 
communication with tne Mendip fissures" (Moore). The re- 
markably high degree of preservation of some of these remains 
can scarcely De more striKingly displayed than by some of the 
gasteropods retaining in part their ornamentation, and occupy- 
ing, to all appearance, the kind of habitat which we might 
expect they would frequent during life. Thus Moore, referring 
to the gasteropods of Rrocastle, states '^ it is rarely^ that they can 
be recognized in the matrix of the stone itself m this section ; 
they are, rather, usually attached to its outer surfEice or to the 
hollows presented by the conglomeratic character of the body." 
The differences in the general fauna found at the different locali- 
ties is probably not entirely due to diversity of age, for, if we 
mistake not, some localities abound more in what were probably 
shore- dwellers than others, and the deposits clearly indicate that 
some of them were deposited close to the ocean margins, while 
others were being formed at the same time in deeper water. 
This point is, apparently, somewhat obscured in the list given 
by Mr. Moore, owing to no distinction being made between 
tnose forms which are confined to or prevailed in the shore 
beds or conglomerates and cavernous limestones, and those which 
are most abundant in the deeper water deposits. The following 
list, drawn up by Mr. Moore, comprises only a portion of those 
foimd in the lower lias of Somersetshire and Glamoiganshire, 
and numbers no less than 429 species, while the middle and upper 
lias of western England have yielded about 680 species only. 
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Plantaj. 

Chara liassica, Moore . . . 

Araucarites jwregrlnuB, Stemb. 
Protoeoa. 
Foraminirera. 

Criatellaria costata, D'Orb. 

C. cropidula, F. & M. . 

G. cultrata, Mont. 

C. lituus 

C. rotula, Lam. . . 
Dentalina communis, D'Orb. . 

D. Interrupta, D'Orb. . . . 
D. obliqua, Lum. 

D. ovicula, D'Orb. . . . 
D. obliquostriata, Reusa. 
D. pauperata, D'Orb. . . . 
Frondlcularia complanata, Mont 
F. striatula. Reuss . . . 
InTolutina liassica, Jones 

I. sp 

Lingulina carinata, D'Orb. 

L. tcnera. Bom. . . . * 

Margiuulina lituus, D'Orb. 

M. mphanuB, Linn. . . . 

Nodosaria faaciffi, Linn. . 

N. paucicostata, Rocm. . . 

N. radicula, Linn. 

N. raphanus, Linn. . . . 

N. rapbanistrum, Linn. . 

N. Zippei, RoL .... 

PianuLtria Bronni, Roem. 

P. comucupiflB, n. sp. . . . 

P. longa> Comuel 

JTm BD* • • « « « • 

Trochammina incerii, P. & J. . 
Vaffinulina loprumcn, Linn. . . 
V. UBvigata, Roem. . 

V. striata, D'Orb 

Spongida. 
Grantia antiqua, Moore . 

Spongia, sp 

Coelenterata. 
Actinozoa. 
Astrocoenia costata, Duncan 
A. dendroidea. Dun. . 
A. favoidca, Dun. 
A. gibbosa, Dun. . 
A. minuta. Dun. 
A. plana, Dun. 
A. pedunculata, Dun. 
A. spinigera, Dun. 
A. reptans, Dun. 
A. parasitica. Dun. 
Cyathocoenia dendroidea, Dun 
C. costata, Dun. 
C. incrustant. Dun. 
Elysastnoa Moorei, Dun. . 
R Flsheri, Laube. 
Isastnea globosa. Dun. 
I. sinemiulcnsis, De From. 
Latinuoandra denticulata, Dun 
Montilivaltia brevis. Duo. . 
M. Brodiei, Dun. 
M. Murchisonin, Dun. 
M. polymorpha, Terq. it Piette 
M. pedunculata, Dun. 
M. parasitica. Dun. , 

simplex, Dun. 

Waliiie, Dun. 

sinemuriensis, D'Orb. 

Bp 

Rbabdophyllla reeondita, 

Laube 

Beptastnea excavata, De From 
Tbecosmilia affinis, Dun. 
T. dentata, Dun. 
T. irreguLuis, Dun. 
T. Michelini, Terq. A Piett6 
T. Martini, De From. 
T. plana, Dun. 
T. mirabilis. Dun. . 
T. serialis, Dun. . . 
T. WallisB, Dun. 
T. Terquemi, Dun. 
T. rugosa, Laube. 
T. Suttonensis, Dun. . 
Annulosa. 
Echinodermata. 
Apiocrinus Amalthei, Quenst . 
Cidaris Bdwardsii . 
Cotylederma fistulosa . . . 
C. vasculum • . • . 
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Cidaris sp 

Hemipecuna Bowerbankii, 
Wright . ... 

Ophiodermasp 

Pentacrinus tuberculatua,MUll. 
P. robustus, Wright . 
Plicatocrinus Mayalis, Desh. . 
Tropidaater peetinatus, Forbes. 
Annelida. 
Berpula strangulata, Terq. 
8. socialis 
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Charter House. 

Stout's Hill. 

Weston, Saltford. 

HolwelL 

Whatley. 

Camerton. 

Mun^ar. 


Annelida. 

Scrpula sp 

Crustacea. 

Pollicipes rhomboidalis, Moore 

Bairdia plel)eia, Jones 

B. brevis, Jones & Rirkby . . 
Cythere bilobata, MUnst . 

C. naualis, Jones, MS. . . 
C. spinifera, Jones, MS. . 

C. fabulina? Jones & Kirkby . 

C. Kutorgiana, Jones, MS. 

C. curva, Jones, MS. . . . 

C. intermedia, MUnst. 

C. ambigua. Jones, MS. . . 

C. Tbraso, Jones 

Cytherella aspenL Jones . . 

Kirkbya plicata, Jones 

Moorea tenuis, Jones . . . 

M. obesa, Jones, MS. 

Normania mundula, Jones . . 

Erj'on wilmcotonsls, Woodw. . 

Scapheus, sp. nov. . . . 
Insccta. 

Coleoptera, sp 

Ortboptera, sp. . . . 
Mollusca. 
Polyzoa. 

Berenicea ArchiacI, Haime 

Neuropora Haimii, DesL . . 

N. sp. 

N. tnanimlllata . . 
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N. sp 

Stomatopora, sp 

Brachiopona 
Argiope liassina, B. DesL 
A- Perieri. B. Deal . . 
A- Suessei, E. DesL . 
Cnmia Gumberti, B. DjsL . . 

C. liassica 

Discina Davidsonii, Moore : . 
I^ptena rostr.ita, E. Desl. 
L. i3oucbardii, Dar. . . . 
L. Davidsonii, Bouch. 

Lingula, sp 

Rhynchonella conoinna, Sow. * 
R. egretta. Deal. 

R fallax, Desl 

R f urcillata. Theod. 

R rimoea, Ziet .... 

R rarlabilis. Schloth. 

R subvarlabilis. Dav. . . . 

Spirifcra Walcottil, Sow. . 

8. oxygona, DesL . . . 

8. MUnsterU .... 

8. Deslongchampsii, Dav. . . 

8. verrucosa .... 

Suessia, sp 

Tercbratula pimctata, Sow. 
T. Waterhousei, Dav. . . . 
Terebratulina Deslongchamp- 
sii, Dav 

Thecidium Bouchardii, Dav. . 
T. granuloeum, Moore . . . 
T. Moorei, Dav. 

T. rusticum, Moore . . . 
T. triangularis, D'Orb. . 
Zellania Davidsonii, Moore . . 
Z. Laboucberei, Moore . 

Z obesa 

Lamellibranchiata. 

Anomia irregularis, Terq. 

A. pellucida, Terq. . 

Avfcula Alfred!, Terq. . . . 

A. Buvignieri, Terq. . 

A. Dunkeri, Terq. . . . 

A. Deshayesii .... 

A. decussata, Goldf. . . . 

A. inequivalvis. Sow. 

A. infraUasaina, Martin . . 

A. nuda, Moore 

A. sp 

Oervillia acuminata, Terq. 
Gryphiea incurva. Sow. . . 
G. depreeaa, PhilUps 

Hlnnites, sp 

H. liassicus, Terq. . 

Inoceramus, sp 

Isodonta Engeibardti, Terq. . 
Lima gigantea. Sow. . . . 
L. amcena, Terq. 

L. dentata 

L. Deslongchampsii, StoL 

L. denaioo8ta» Quenst. . . 

L. duplicata .... 

L. Haueri, StoL .... 

L. Hermanni, Volts. . 

L. Hettangiensia, Terq. . . 

L. acrobiculata, Quenst. . 

L. tuborculata, Terq. . . . 

L. punctata. Sow. 

Osnea arietia, Quenst. . . 

0. intuflstriata, I^ . 

0. irregularis . , . 
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T. Howg«l. Moon 
T. HiunbtrU, Mut 
T. Jfinkgnl, T<rq, . 



Cflphikipoda. 
ADiinaiiitu pluorblL Sfl 
A. Juhnitonf 



A. Siuiiluiiu. D'Orta. . 



N, jonog ip. 

Plih rnulDi . 
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This list prerenta Beveral inlereBting featarea, Bome of which 
h&ve been pointed out by Mr. Moore liimaelf. It indicates that 
the general poverty of the lias in corals is due, not to the cjr- 
cumBtance tnat those beluga were actuallj rare in liassic times, 
but because we have seldom chanced to hit upon those localities 
and strata in which they prevail. The general fauna has in ninny 
reepects the apparent facies of one that mi^ht be expected to 
frequent rocky shores and shallow seas, as is witnessed by the 
species of Fumui, PaltUa, Litlorina, Trochui, Gaitroehfena, &c,, — 
genera which especially frequent such habitats on our coasts at 
the present time. The corals ore unknown on our coasts now 
in such variety and profusion ; but coll to mind the corol-clad 
chores of warmer climes. 

The middle and upper lias are well represented in Dorsetshire, 
where, however, the upper surfaces of the beds appear to have 
undergone considurable denudation. The middle lias embraces 
upwards of 600 feet of strata. The marls of the lower lias pass 
up into the limestones and marls of the middle lias, the limit 
being marked by some bands of limestones in which AmTTwnita 
Toricoitatut is somewhat abundant, although it is not known to 
ascend higher. Belemnita are remarkably abundant, the preva- 
lent forms being B. tltmgatia and B, loiuiUtimui. These beds 
also yield the remarkable cephalopod Xi^Uuthit Bechei. The 
part of the series marked by these BtUmmtr beds comprises about 
60 feet of blue and grey non-micaceous marls, in which the 
limestones form suborcUnate bands. At about this level there 
are several veins of nodules containing Ammonit€*, whose 
chambers are partially filled with a greenish calc spar, whence 
they are termed the 'green Ammonila beds.' Grev marls to the 
extent of seventy feet or more overlie these, and then occur the 
'three tiera,' or three layers of a fine-grained niicaoeous calcareous 
sandstone. This is said to be the lowest horizon in the Donetshire 
middle lias at which mica makes its appearance, a mineral which 
is usually present in the marls above this point. The grey 
micaceous marls, with a few intercalated sandstones, succeed for 
about 160 feet, at the highest part of which are two thin huhly 
fossiliferous bands, of which the lower is called ' the shell bed,' 
from the great abundance of moiluscan remains yielded by it ; 
and the other is the ' star-fidi bed,' so called on account of the 
line specimens of Ophioderma Egertoni and 0. tamihranchiata 
which it has aifoTded. After this a marked change sets in, for 
sands more or less marly, and with nodules of indurated sand, 
prevail for the next 150 ormore feet A little above the central 
portion is a band of blue micaceous ailiceo-calcareous stone, desig- 
uated the' Jfar^ritadM stone,' from its abounding in .A tnm«ni(M 



own statement reapec 

which are frequently 



I mor^rtladu. These sands might be considered to terminate 
the middle lilts, since the clay which overlies it is admittedly of 
upper liassic age, and it mi^t be expected that the chuige of 

j fauna would in tne main comdde witn the change of conditions. 
Mr. Day, however, maintains that the middle has certainly 
includes the lower portion of this clay; but we will give tus 

S', the matter. " Over these upper sands, 
^ _ urated into massive blocks of sandstone 
rather than into nodules, and which form the ' blue band' 
upwaids, measuring about 70 feet in thickness, is a mass of ver^ 
micaceous grey marl or clay about IB feet in thickness. This 
is capped by a remarkable oand of stone, the lower portion of 
which is in great part a conglomerate, the pebbles being 
imbedded in a mora or less ferruginous matrii with ooUtio 
grannies. In places, however, this part of the bed assumes 
more the appearance of the marl-stone of other districts : it is 
separated from the higher portion of the stone by a seam of 
iron ore, seldom more than an inch in thickness, but occa- 
sionally becoming thicker, and then containii^ a remarkable 
assemblage of Molbuca amongst the water-worn pebbles. This 
' Pteurotmiaria bed,' as I have tenoed it, and the underlying 
equivalent of the Jlorlatone, appear not to be persistent through 
the section, but the upper portion of the bed of stone can be 
traced throughout. Tins higher part is composed of thin bonds 
of a hard, dense, almost chert-like, limestone, separated by thin 
laminw of yellow ochraous clay; the whole, however, being 
consolidated into one block. The entire thickness of the 
associated marlstone and limestone fbelonging t^i the upper 
lias) varies from two to three feet This extraordinary band of 
stone, thus including the boundary line of two formations, 
is interposed between portions of tne some great clay deposit, 
since above it there is a mass of grey micaceous marl precisely 
similar in character to that below. This marl is continued 
upwards for about TO feet. We have already seen that blue 
marl, similar to that of the lower lias, is continued some 20 
feet into the Belemnitt beds of the middle division ; here, on 
the contrary, we find the higher limit of the latt«r, as defined 
by fossils, carried upwards into a clay deposit most certainly 
belonging in the mass to the upper lias. We thus see that 
the organic and inorganic conditions characteristic of two con- 
tiLTious groups do not always possess the some boundaiy Une." 
This stone is more especially interesting as it closely trembles 
some of the South Wales lower has beds, and appeain to have 
been formed under somewhat similar circumstancos. Mr. Day 
mentions the pebbles and small boulders, the perforations of 
LiOtodomi, the collection of shells in the hollows of the con- 
glomerates, the Serpula on the shells and pebbles ; all which 
Mints have their " ' 
In the north o 



points have their parallel in the Brocaatle h 

In the north of France the liasaic beds are, generally speak- 
ing, poorly developed whether as regards the varielj of stages 
or the thickness of the deposits. In the department of Yonne, 
or near the centre of France, the upper, middle, and lower lias 
occur, the former two being of considerable thickness, whde the 
last is thin. The range is apparently from the zone of Ammo- 
nita Bucklandi below to that of Anu-cornmuni* above. The 
lower lias consists of limestones having an aggregate thick- 
ness of about 16 feet The middle lias is 180 feet thick, of 
which the lowermost 16 feet consists of highly argillaceous lune- 
stones, the next lOS feet of marls, abounding in septoria, but un- 
foBsiliferous, while the remainder is mode up of bmestones with 
clay partings. The upper lias is about 1Q5 feet thick, the lower 
93 feet being made up of alternations of laminated clay and ar- 
gillaceous limestone, and (he remaining 6S feet of alternations of 
marl with limestone. There is here an entire want of that 
arenaceous element which prevails towards the higher part of 
the series in Dorsetshire. Farther north-west, or in the depart- 
ment of Ardennes, sandy beds enter largely into the composition 
of the upper part of the series as in Dorsetahire. 

(Moore, C, Qvar. Jour. Oeol Soc. xxiii. p. 449—568 ; Tat«, R., 
Qaar. Jtnir. Otol. Soe. xr. p. 103 ; ixiiL p. 297—314 ; D'Archioc, 
Huloire da Progris dc la QioiogU, tomes 6 and 7.) 

LIEBERKUHNIA [Forahihipkba, E. a S.j. 

LIGNITE [E. C. vol. iii cola. 428—430]. This term is 
applied to those collections of vegetable matter, whether wood 
or not is immaterial, which have undergone so considerable an 
amount of change, both physical and chemical, that the original 
structure isfor the most part indistinct to the unassisted eve. It 
merges so gradually into peat on the one hand, and into coal on the 
other, that no definition can be applied which will not embrace 
some varietiee either of peat or coaL One of the beat definitions 
is the German term " brown coal)" which implies a more oi less 
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compact carboniferouB substance, which makes a browii streak. 
Coal, on the contrary, gives a black streak. This distinction is 
not universal, for there are a few lignites which have a black 
streak. Most of the properties by which lignite differs from coal 
are intimately associated with this brownness. Coal is carbon 
combined with a very small proportion of bituminous (ulmous 
or humous) substances ; while lignite is carbon associated with 
a large proportion of the same ; the carbon alone is black, but 
when mingled with bituminous matter, it is more or less brown 
when reduced to powder. Lignite readily lights, but produces a 
dull smoky flame, and an intensely disagreeable empyreumatic 
odour. Coal, on the other hand, is more difficult to ught, bums 
with a clearer flame, and yields less smoke, and comparatively 
little odour. As will be seen, lignite partakes of the nature of 
a rock, inasmuch as it is composed of mixtures of definite che- 
mical compounds. As the proportion of the ingredients, as 
well as the number of them which are present, are variable, it 
necessarily happens that the lignite itself h variable. Indeed it 
is rare to find two specimens alike, either in physical or chemical 
points ; and indeed the same bed may vary within very narrow 
limits. Differences not onlj arise from the original divergencies 
in the matter forming the hgnite, but also from the variation in 
the nature and intensity of the agents to which it is subjected. 
There is little or no question that all lignite is of vegetable 
origin, although the question was keenly dL<?cussed by the phy- 
sicists and chemists of last century. It is derived from plants of 
every description, from the lowlv seaweed and tender nowering 
plants to the largest and hardest trees ; but in nearly all cases 
the principal preservative acent is water. Hence lignite deposits, 
like bogs and peats, generally indicate where water of the period 
of their formation was accumulated. They indicate the sites 
of old estuaries, lakes, marshes, and swamps. Sometimes the 
material has been transported to thie place where it now lies, but 
more frequently it is formed partially or mainly of plants 
which have grown and died on the spot. Hence it is that most 
beds of lignite rest upon a surface impermeable to water. Here 
we have two sets of conditions, which m&j greatlv influence the 
kind and rapidity of the alterations of lignite ; if it rests upon 
and is covered by clay, water circulates with great slowness, and 
the changes of state are effected but tardily; whereas if it is enve- 
loped in sand the greater activity of circulation will promote 
the metamorphism of the plants and lignite. Much also may 
depend upon the nature of the water, for the volatile elements 
of the plants will be more readily carried off by some than by 
others. Pressure also has a great influence in inducing change. 
Again, differences are induced by the presence of sand, clay, &c., 
within the pores and interstices of the wood and vegetable matter 
in variable proportions ; and these influence the physical proper- 
ties, and tne degree of susceptibility to change. So many, 
indeed, are the conditions to oe taken accoxmt of that it is 
difficult to express them all ; but their multiplicity, although 
confusing to a student, is an advantage, for they will greatly 
aid him who can master them. When one has succeeded in 
tracing what properties or intensities of property result from 
each set of conoitions, lignite will afford a most delicate 
means of interpreting some of the events which have hap- 
pened in distant geological ages. Lignite, however, does not 
occur of every geological age, although it is probable that the 
conditions corresponoSng to those favourable for its formation 
have prevailed during tne deposition of every group of rocks. 
In the oldest rocks anthracite is the prevalent carbonaceous 



deposit ; in the carboniferous series coal predominates ; in the 
secondary, but more especially the tertiary strata, lignite is the 
form which the enclosed vegetable matter usually assumes ; and 
peat is the characteristic phase of such matter in the newest 
strata. Although anthracite, coal, lignite, and peat may have been 
derived from vegetable masses, whose original composition, both 
physically and chemically, were variable for each kind of fuel, 
and perhaps in group distinct one from the other, yet they 
were so far similar tnat they all consisted mainly of carbon, 
hydrogen, and oxygen. One distinctive feature occurs to us, viz., 
tnat whereas peat and coal usually contain from 1 to 2 per cent 
of nitrogen, lignite rarely has so large a proportion of that ele- 
ment. Allowing for this, and allowing that they were not all 
derived from one kind of wood, or even any wood, the following 
table will give a general idea of the amoimt of alteration che- 
mically each has undeigone, which alteration is probably similar 
for each kind of fuel wnen placed under similar conditions : — 

Carbon. "EydrogeiL Oxygen. 
Wood . • • • • 

Peat 

Lignite .... 

Coal 

Anthracite .... 

This table represents the average proportion of the three prin- 
cipal elements, not the analyses of these substances. The hy- 
drogen and oxygen is diminished relatively to the carbon 
according to their average antiquities. The change is perhaps 
more strmngly shown if the carbon be contrasted with the tw(i 
other elements combined^ as thus :«- 



100- 


1218 


83 07 


100- 


9-85 


65.76 


100- 


8-37 


42-42 


100- 


6-91 


18-32 


100- 


2-84 


1-74 



Wood . 
Peat . 
Lignite . 
Coal . 
Anthracite 



Carbon. 


H. &0. 


100- 


95-25 


100- 


6561 


100- 


60-79 


100- 


24-23 


100- 


4-68 



The change does not merely consi:>t in the decrease of the 
hydrogen and oxygen ; a portion of the carbon is also given off, but 
it vanishes less rapidly than the others. Moreover, the carbon 
in wood is wholly combined with the other elements, whereas in 
lignite and coal a large proportion is isolated or withdrawn from 
combination ; and in anthracite abnost all the carbon is free. 
The changes are constantly going on. Gas companies endeavour 
to obtain the coal as fresh as possible, for they And that if it is 
allowed to lie exposed to the air for a few months its gas-yielding 
properties are seriously impaired ; and li^te suffers a similar 
alteration when exposed. Lignite differs from coal in the large 
proportion of hygroscopic water it contains. Sometimes such 
water forms one half the weight of the lignite. The lignite of 
Westerwald contains 22 per cent, of water after having been 
dried at 212° F. ; while that of Salesl in Bohemia only yields 
2 per cent. Dried lignites regain the moisture from the atmo- 
sphere, but at very different rates, and the total quantity acquired 
is also variable. In 24 hours 6, or even 15 per cent., by weight 
of the lignite, of hygroscopic water may be taken up. 

The Ignites vary amongst themselves in an anah)gous way to 
the carbonaceous substances already mentioned. As a general 
rule, the eocene lignites are richer in carbon than those of mio- 
cene and pliocene times ; while the latter usually contain more 
oxygen and hydrogen than the former. In order to exemplify 
this varietv we select from some hundreds of analyses half-a- 
dozen eacn from the groups containing the largest, the mean, 
and the smallest proportions of carbon : — 



Locality* 


Kind of Lignite. 


Sp.gr. 


C. 


H. 


0. 


S. 


Aah. 


H}^oscopic 
Water. 


Analyst. 


Wigan : U.S. . • . • 


Earthy lignite. 




80-21 


6-80 


8.64 








Philippf. 


Oriinlas, Bohemfs • • « 


Dull-'pechkoWe." 




78-96 


7.66 


13-49 










Ifile of MuU . * * . 


Common lignite. 




76-44 


6-42 


17-14 










Monte Bamboli, Italy . , 


*»Peohkohle." 


1-85 


73-81 


609 


17-44 




3-66 






Brennbere, Hungary . < 
Westerwald . . . . 


Laminated; doll lustre. 


1-30 


71-9 


614 


22-89 


•7 


3-4 


17-8 


/Cassel- 
( mann. 






70-26 


6-4 


21-4 




1-9 


48-6 


Bensbexg, Bavam . • 
Bovey, I>eTonRhire . . . 


"Pechkohle." 




69-50 


4-63 


20-47 


1-6 


3-8 




Brown lignite. 


112 


66-31 


6-63 


22-86 

n=-666 

27-6 


2-36 


2-27 


84 66 


Vaux. 


Perleberg, PmssiA . 


Earthy limite. 




64- 


6- 




8-3 


17-8 


Heints. 


Hirschben 

Meiwen, Saxony , 


Common ugnite. 


106 


62-90 


6-7 


17- 


7-8 


66 




Grager. 


Earthy and dark. 




62-18 


6-47 


1806 


9-3 


6-0 




Grader. 
Biscnof. 


Bieetadt, Prussia . . . 


Lignite. 

" PcchkohU." 




61-13 


609 


31-96 




1-83 




Goose 




47-63 


610 


33-28 


8' 


12- 






Bagor. . . < • . 
Cadibona, Italy « 


Ditto. 




47-40 


6-68 


3302 


8- 


11- 






Ditto. 




465 








6-10 






Monte Nerona . • • . 


Ditto. 




46-3 








6-9 






Yoitsberg . • . . 


Lignite. 




44-88 


6-18 


41-24 


1-06 


6-2 






Polnisch Neadorf . . . 






84-6 


3-8 


19-3 




28-3 


14* 


Heintz. 
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Lignite ocean under bo many droumstances, in bo many loca- 
litiea, and in so many strata, that it would be quite beyond our 
limits to give detaila ; but these may be acquirect by a perusal of 
Zincken'B * Die Pkysiographie der Braunkohlen/ 1867, a work 
which contains a summary of almost eve^ important paper or 
book that has been printed respecting liWte. It has ample 
references to lignite deposits indicating whether they were formed 
in estuaries, or in lakes, or on the shores of the sea ; and men- 
tioning all in each country arranged in geographical order. The 
work is replete with yiuuable information on li^te. The 
following account of the varieties of this substance is condensed 
bom it. 

Common brown coaL It generally forms thick, compact 
masses, retaining but rarely faint traces of woody structure. 
The fracture is earthy, or flat, or conchoidal ; the lustre is dull, 
or slightly glimmering; the colour varies from light to dark 
brown, and the streak has a greasy lustre. It occurs in beds 
composed of irregular lumps, which are frequently angular, or 
even approach the regularity of a parallelopipedon m shape. It 
comprises the varieties called "stick coal" (Stuck-kohle^ "gristly 
coal" (KnorpelrkohU), and "moulded coal" {Form-kohle), 

Earthy brown coal. This is an earthy variety, the colour of 
which ranges from yellowish, through light and dark-brown, to 
brownish-red. Its fracture is dull and uneven, but when rubbed 
with the nail the surface takes a slight polish. It presents no 
signs of oiiganic structure. Its amorphous character and sus- 
ceptibility of being reduced to a powder is a consequence of its 
ongin. When plants are long macerated in water the cells are 
burst, and the substance is reduced to a pulverulent condition. 
The vegetable matter which forms this lignite has imdergone 
this treatment. The Schioeel-kohle, Schmier-kohU (oil-coal), 
Aschen-grund (ground-ashes), Colnische wmhra (Cologne earth), 
and Ruis-kohk (soot-coal) of the Qermans are varieties. 

Li^te, in the restricted sense, is applied to the more or less 
fossilised masses of wood which still retain clear trace of struc- 
ture. Its colour ranges from, yellow to dark-brown ; the specific 
gravity from '5 to 1*4 Its fracture resembles that of wood, 
being uneven when broken across the fibre, or even splintery. 
Some lignites when dried acquire the peculiarities of Fech-kohU. 

Slaty lignite is so called from its being composed of thin 
laminsB. Its colour is usually dark brown, the cross fracture is 
uneven, and dull, or occasionally lustrous. 

Leaf coal or Dysodil is mainly composed of the leaves and 
steins of plants, and often encloses remains of numerous terres- 
trial organisms. Its colour varies from gray to dark brown. It 
is essentially a fresh-water deposit. 

Bush coal consists of reedy, long-stemmed fragments, which 
are frequently intertwined together. The surfaces of the reeds 
have the colour and lustre of pitch, and the cross fracture is 
finely granular. 

Moor-ooal is a compact mass formed of minutely divided frag- 
ments of wood, stems, roots, and decomposed marah plants. By 
pressure it is rendered laminar, the laminas being in some cases 
thick, in others thin. The colour is dark brown, or pitch black, 
and the specific gravity ranges from 1*2 to 1*3. 

Pitch coal is compact, breaks into fine, angular fracnnents, 
possesses a dark colour, and a sliffht lustre. Its streak is brown ; 
it colours a solution of potash dark brown. It is frequently a 
modification of the more compact and bituminous lignites, and 
passes by its varieties into common brown coal on the one hand, 
and Glam-kohU on the other. The hardness is 2*5, and the 
specific gravity 1*2 — 1*3. 

Glossy coal (Olcmshkohle), is compact in texture, breaking with 
a conchoidal fracture, and presentmg a lustre varying from that 
of grease to that of some metals. It is the densest and hardest 
of the lignite group, the hardness being 2*6 to 3*0, and the 
specific gravity 1*2— -1*5. It is formed from highly bituminous 
plant remains, resinous wood, and is sometimes formed from the 
action of volcanic rocks upon some of tiie lighter lignites. 

Jet is a very dark and compact lignite which r^idily takes a 
fine polish, and is highly charged with bituminous matters. 

Stick-like lignite is applied to the kinds which readOy break 
into prismatic splinters several inches in length. 

Graphite. According to Rink there is a layer of this sub- 
stance at Karsok, in North Greenland, which has originated from 
a lignite acted on by a dolerite. 

LIMESTONE [E. C. vol. iii. cols. 440—6851. The cultiva- 
tors of the botanical and zoological sciences nave furnished 
students with a profusion of monomphs; but the lithologists 
have produced exceedingly few. Excellent examples of this 
kmd are afforded by the great work of Messrs. Gemits, Fleck, 



and Hartig on coal, but this is restricted to Europe; and to 
complete the survey, one requires to study the works of Lesley, 
Rogers, and others, for an account of the American coals ; while 
those of other regions are treated of in scattered publications. 
Again, Senft has rendered good service by his monographical 
account of peat and allied substances. Z^lcken has collected 
nearly all that is known about lignite. The carbonaceous group 
fares better than most ; but limestone and calcareous rocks have 
never had a monograph devoted to them which would epitomise 
our knowledge respecting them. The subject is a rich one, the 
materials are abundant, and there are interesting scientific 
questions involved in their treatment. Limestone is amongst the 
most abundant, wide-spread, and ubiquitous of rocks. It difFers 
from most others in its mode of origin, the manner in which its 
material is circulated, the conditions under which it is formed, 
and in being most intimately associated with organic life. It is 
believed that all the limestone in existence has at one time 
formed a portion of the hard parts of some organic being ; and 
that hence its distribution is so wide. A limestone or calcareous 
ooze may be forming now imder almost every group of conditions 
which permit of the accumulation of a deposit ; a remark which 
will not apply to any but calcareous rocks. It may be produced 
by a spring flowing over the land, as in calcareous tufas ; it may 
form m a river, or in a delta, or along the shore, or in deep 
ocean. The situation of siliceous rocks depends upon the force of 
the currents, and they are rarely built up far from land, since the 
finest argillaceous or siliceous sediment will settle where the in- 
fluence of the fluviatile currents are lost. Oceanic currents 
carry little or no land-derived matter in suspension. An illustra- 
tion of the opposite relations of limestones and detrital rocks, 
is given under Carboniferous System, E. C. S. coL 201. 

if it be established that all marine limestones owe their origin 
to the action of organic beiims, it may be admitted as highly pro- 
bable that limestones have always been forming over as large an 
area as calcareous ooze now prevails; that is, over more than 
half the oceanic area. It woiud occupy us too long to detail the 
facts which appear to support this conclusion. But if we accept 
it, and consider what the stratigraphical distribution of lime- 
stones is, we shall be impressed with the unstable nature of the 
earth's external surface. No locality examined has been per- 
manently beneath a deep ocean, since nowhere do we* find a 
limestone prevailing from the lowest to the highest strata ; and 
wherever the geologist has been able to explore, it may be said 
that no place has been deep ocean throughout a whole epoch« 
Comparing calcareous strata with those of a detrital nature, we 
are at once struck with the disproportionate thicknesses of the 
two. It is very rare indeed for a limestone, or a succession of 
limestones, to exceed 1000 feet, but there are many instances 
where detrital strata are piled up for more than a thousand feet, 
and not a few where many thousand feet of mechanically formed 
beds are heaped together. In illustration of this and some other 
considerations, which we shall allude to in the sequel, we will 
^ve a rapid summary of the distribution of paheozoic limestones 
in time. 

The Laurentian strata are developed to a thickness of upwards 
of 30,000 feet, and were at one time regarded as forming a portion 
of the great heterogeneous mass of azoic rooks. The lower 
Laurentian of Canada is about 18,000 feet thick, and comprisea 
several highly crystalline bands of limestone, one of which nas a 
length of hundreds of miles, and a thickness varying from 700 to 
1600 feet. This is one of the earliest deposits of calcareous 
matter yet discovered, and at the same time it is one of the 
thickest. The Laurentian strata have not been fiilly investigated 
yet, but at present there are known to be at least three important 
limestone bands in the lower Laurentian series; and it is not 
unlikely there may be more. In the neighbourhood of the 
Ottawa river immense masses of orthoclase gneiss alternate with 
crystalline limestones. The lowermost mass, the base of which 
has not been detected, is an orthoclase gneiss, which is believed 
to be more than 5000 feet • thick. Above it follows a crystalline 
limestone, 1500 feet thick. A second gneissic band, 4000 feet 
thick, intervenes between this and the spcond limestone band, the 
thickness of which is 2500 feet. It is not wholly limestone, 
since it comprises a few subordinate bands of homblendic ortho- 
clase gneiss, similar in character to the gneiss which bounds it 
Orthoclase ^eiss again succeeds for 3500 feet, followed by the 
crystalline limestone of Grenville, with an average thickness of 
750 feet. Orthoclase gneiss, 1580 feet thick, overlies the Gren- 
ville limestone. Here, then, we have a total of 18,300 feet 
of strata, of which about 4750 feet is calcareous. Farther west 
in Hastings county th^ lower Laurentian strata are also exposed, 
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but it would Beem that they belong to a different part of the 
series from the beds near the Ottawa. The lowermost strata 
comprise 5000 feet of homblendic orthoclase gneiss ; above this 
is a zone of 200 feet of green chloritic slates, next follow 2200 
feet, of which the greater proportion consists of highly crystal- 
line white limestone, associated with subordinate layers of 
dolomite, quartz, and micaceous slates. Above this the micaceous 
slates prevail for 900 feet, but contain one band of dolomite, 60 
feet thick ; while another band of dolomite, 100 feet thick, caps it 
To this succeed 2000 feet of calcareous strata, most of widen are 
gray micaceous limestones, others coarse-grained white limestone, 
others again dark blue limestones, while sandstones occur 
sparingly. Still liigher follow 7500 feet of green diorite slates, 
mica Slates, and hornblende rock ; and, above aU, is a granitic 

Sieiss, estimated at 2100 feet. The nature of the beds in 
astings differs from those near the Ottawa, in being more 
varied, and in slates occupying the place of the gneiss. The 
aggre^te thickness of the section is 20,000 feet, of which about 
4360 IS calcareous, showing a rather less proportion of limestone 
than in the Ottawa section. These sections oy no means exhibit 
the maximum thickness of limestone in this series, but enough 
has been said to show how abundant calcareous matter was in 
the earliest strata known. Can it be possible, or even probable, 
that nearly a vertical mile of rock has been accumtdated through 
the agency of organic life, seeing that not a single unquestionable 
fossil has been found in these old sea bottoms ? To both alter- 
natives we should be inclined to answer in the affirmative for 
various reasons; but as these reasons do not cover the whole 
question, there is left a margin for doubt 

The Laurentian limestones are in a highly degree crystalline, 
and in some places, where they are made of ageregations of large 
calcspar crystals, they may be said to be crysSlized. This con- 
dition would account in part for the obscurity of their fossil 
contents, if they ever contained any. In this respect they 
resemble many crystalline limestones of a far more recent age, in 
which the organic remains are obscure, but which are known to 
contain evidence of contemporary or^mic life. Like some of 
these newer limestones, those of the Laurentian series present 
appearances which in the newer rocks are considered to be the 
remains of certain classes of animals. Thus the Grenville and 
other limestones contain fragments which have all the appear- 
ances which occur in the debris of crinoidal, coralline, and 
moUuscan hard parts in the more highly crystalline Silurian 
limestones. In the Silurian beds, however, perfect organic 
remains have been met with, whereas in the Laurentian nearly 
everything that has been seen has appeared to be fragmentary. 
The exception implied by the use of the word nearly nas refer- 
ence to the pecubar structure which is found well developed in 
the limestone at Grenville, Buigess, Tudor, Madoc, ana else- 
where, and which we may term eozoonal; but this structure, be 
it observed, occurs in the least altered parts of the limestone. 
This structure has been thus described by Sir W. Logan : " The 
zone of QreuviUe limestone is in some places about 1500 feet 
thick, and it appears to be divided for considerable distances 
into two or three parts by very thick bands of gneiss. One of 
these occupies a position towaj^ds the lower part of the lime- 
stone, and may have a volume of between 100 and 200 feet It 
is at the base of the limestone that the fossil occurs. This part 
of the zone is largely composed of great and small irregular 
masses of white crystalline pyroxene, some of them twen^ yards 
in length, by four or five wide ; and they appear to be con- 
fusedly placed one above another, with many raeged interstices, 
and many smooth, worn, rounded, large and smaJlpits and sub- 
cylindrical cavities, some of them pretty deep. Tne pyroxene, 
tnough it appears compact, presents a multitude of smaU spaces, 
consisting oi carbonate of lime, and many of them show minute 
structures similar to that of the fossil. These masses of pyroxene 
may characterize a thickness of about 200 feet, and the inter- 
spaces among them are filled with a mixture of serpentine and 
carbonate of lime. In general, a sheet of pure dwrk green ser- 
pentine invests each mass of pyroxene, the thickness of the 
sernentine varying from. the sixteenth of an inch to several 
incnes, rarely exceeding half a foot This is followed in differ- 
ent spots by parallel, waving, irregularly alternating plates of 
carbonate of lune and serpentine, which oecome gradually finer 
as they recede from the pyroxene, and occasionally occupy a 
total thickness of from five to six inches. These portions consti- 
tute the unbroken fossil, which may sometimes spread over an 
area of about a square foot, or perhaps more. Other parts, imme- 
diately on the outside of the sheet of serpentine, are occupied 
with about the same thickness of what appears to be the nun of 



the fossil broken up into a more or less granular mixture ot 
calcspar and serpentme, the former still showing minute struc- 
ture ; and on the outside of the whole a similar mixture appears 
to have been swept by currents and eddies into rudely parallel 
and curving layers, the mixture becoming gradually more cal- 
careous as it recedes from the pyroxene. Sometimes beds of 
limestones of several feet in thiclmess, with the green serpentine 
more or less aggr^ated into layers, and studd^ with isolated 
lumps of pyroxene, are irregularly inter-stratified in the mass 
of rock ; and less frequently there are met with lenticular 
patches of sandstone, or granular quartzite, of a foot in thick- 
ness and several yards in diameter, holding in abundance small 
disseminated leaves of graphite. The general character of the 
rock connected with the fossil produces the impression that it is a 
great foraminifend reef, in which the pyroxenic masses represent 
a more ancient portion, which, having died^ and having oecome 
much broken up, and much worn into cavities and deep recesses^ 
afforded a seat tor a new growth of Foraminifera, represented by 
the calcareo-serpentinous part This in its turn became broken 
up, leaving in some places uninjured portions of the general 
form. The main differences between this foraminiferal re&i and 
more recent coral reefs seem to be that, while with the latter are 
usually associated many shells and organic remains, in the more 
ancient one the only remains yet found are those of the animal 
which built the reef." When examined more minutely with the 
microscope, these patches present so close a resemblance to the 
by no means simple arrangement of the calcareous test of some 
Foraminifera, that it is very difficult to deny that they are of 
organic origin, and not to admit, with Messrs. Dawson, Carpenter, 
and others, that they are the remains of a true species, the 
Eozoon Canaderue, The Laurentian rocks comprise many of the 
varieties of limestone which are developed in more recent 
formations. Some are coarse-grained, others saccharoidal, but it 
is rare that they acquire so fine a texture as is implied by the 
term compact The colours are varied, ranging from pure white 
to dull white, barred and streaked with grey or black or blue or 
red. Some bands are whoUy tinged with the last-mentioned 
colour, except red, which is only round in small patches. The 
grey and black varieties owe tneir colour to the presence of 
disseminated mica and graphite, minerals which are associated 
together, and which are present in greater or less abundance in 
almost all the Laurentian limestones. The graphite usually 
occurs in scales and nests, and, like the mica, is usiudly ananged 
in parallel bands. Iron pyrites frequently accompanies them, 
and is also, as indeed are nearly all the minerals in these lime- 
stones, arranged in layers. These minerals evidently represent 
the bituminous, argillaceous, and ferruginous matters which are 
so commonly found in Uie most fossiluerous limestones of more 
recent age. This arrangement indicates a stratified condition of 
the limestone, but this is more clearly shown by the way in 
which these rocks are associated with gneiss. The limestones 
are, in the great majority of cases, inters&atified amongst gneiss; 
fr^uently the two sets of strata are much contorted into folds 
and loops, but however complicated the twisting, the gneiss and 
limestone bands occur in parallel lines ; so that there is little 
doubt they represent a well-defined system of stratification. 

In the Upper Laurentian strata there are two or more bands 
of limestone, but the stratigraphical relations of the beds have 
not been fully developed. 

In Bohemia, as also in Bavaria, the oldest recognisable strati- 
fied rocks are immense masses of gneissose and schistose rocks. 
The limestones are far less developed than in Canada ; but in 
the crystalline limestones of Bohemia eozoonal structure has 
been detected. 

The Huronism series has been recognised as yet in but few 
countries. In Canada it is about 18,000 feet from top to bottom, 
but the great bulk consists of quartzites and conglomerates. 
There is one calcareous zone dOO feet thick in the lower half ; 
and a second, about 400 feet thick, in the upper half, but in the 
latter the limestone is associated with slates and sandstones. On 
the whole, the proportion of limestone to other rocks is about aa 
1 to 36 — ^far less tmsm in the preceding era. In Norway, Huro- 
nian limestones are associatea with gneiss, but it is less abundant 
in that country than in Canada. 

In the Cambrian series, as understood by Sir B. I. Mur- 
chison, limestones are less abundant than in the preceding 
Huronian series ; indeed, limestones are exceedingly rare in the 
known exposures of rocks of this age, although they comprise in 
the a^regate many thousand feet m thickness. The Cambrians 
of Wales are estimated at 26,000 feet 

It is not until the Cambrian strata have been deposited that 
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limestones again become abundant in America and Europe. In 
the former country the Potsdam sandstone is succeeded by 
another sandstone which is highly charged with calcareous 
matter, hence termed the calciierous sandstone, and which 
ushers in the long succession of Silurian limestones with 
their profusion of organic remains. In the eastern portion 
of the United States the calciferous sandstone presents its 
sypical character, but towards the west the sandstone is largely 
interstratified with magnesian limestones. In the lower Silurian 
of the United States nearly all the limestones are more or less 
magnesian. In Pennsylvania this part of the scries comprises 
7500 feet of strata, of which about 6000 feet is calcareous ; so 
that limestones form fully three-fourths of the stratified depo- 
sits, shales and slates making up most of the remainder. In 
Michigan the lower Silurian period is represented by about 60 
feet of strata, nearly all limestone. In Iowa the limestones form 
350 feet out of a total of about 500 feet. In Illinois they have 
about the same thickness, and bear nearly the same proportion 
to other kinds of rocks. In Missouri there are scarcely any- 
thing but limestones, which are accumulated to a thickness of 
nearly 700 feet. In Tennessee there are about 700 feet of lime- 
stones associated with about 1500 feet of shales. In the 
British Isles limestones were by no means so rife as in the 
United States during this period; indeed, generally no lime- 
stone is to be found in this part of the series until some thou- 
sands of feet of non-calcareous strata have been traversed. Thus, 
ill Westmoreland the lowest limestone met with is about 14,00<) 
feet above the base of the series ; and the Bala limestone, the 
lowest in the Silurian of Wales, is underlain by upwards of 
10,000 feet of sandstones, slates, and volcanic rocks, and is itself 
of inconsiderable thickness. There is, then, a marked contrast 
in the development of limestones during this period in the 
British and American areas. 

We will next turn to the upper Silurian strata. In Pennsyl- 
vania the limestones constitute some 700 feet out of rather more 
than 7000 feet of strata, or in the proportion of 1 to 10 ; and by 
far the most of this is accumulated at the summit of the series. 
In Michigan there are 185 feet of strata, mostly limestones. In 
Iowa limestones form the whole series, with the exception of a 
few shale partings, and are nearly 1000 feet thick. In Missouri 
also, there are little else than limestones, the volume of the 
series being 260 feet. In Tennessee the upper Silurian is repre- 
sented by about 1500 feet of beds, of which 300 feet at the most 
are limestone. Reckoning the Llandovery formation as part of 
the upper Silurian series, there are nearly 80(X) feet of strata of 
this age in the British Isles, of which not more than a few 
hundred feet are calcareous. 

The Devonian strata of Pennsylvania are estimated to be 
14,300 feet thick, consisting almost entirely of non-calcareous 
sediments. The limestones are very scanty, but they are massed 
together in that part of the series which is believed to repre- 
sent the middle Devonian period. There are upwards of 
700 feet of shales and sandstones more or less calcareous beneath 
the massive blue limestone, 80 feet thick, which is referred to 
the comiferous period, when limestone accumulation was in the 
ascendant in the United States. Above it are shales, sandstones, 
and slates piled one above another for more than 12,000 feet, in 
which the calcareous matter is disseminated, not aggregated into 
beds. In Michigan the lower Devonian is represented by a 
conglomerate three feet thick ; the middle Devonian by 364 feet 
of limestones; and the upper Devonian by 265 feet of strata, 
of which the larger portion consists of bmestones. In Iowa 
the Devonian series consists entirely of limestones, but the 
lower portion is unrepresented ; the middle Devonian com- 
prises about 60 feet of grey limestone ; and the upper Devonian 
100 feet of magnesian limestones, and probably 100 feet of 
siliceous shales, which are calcareous in parts. In Illinois, 
Devonian strata are largely limestones which are 120 feet in 
thickness, and are associated with some 90 feet of arenaceous 
and argillaceous beds. In Missouri limestones also prevail, 
there being upwards of 376 feet of them. In Tennessee the 
Devonian series is represented by an inconsiderable thickness 
of slates only. 

In the British Isles the Devonian strata consist of enormous 
thicknesses of sandstones in Scotland and Wales, reaching in the 
latter country to more than 10,000 feet, while the limestone is 
restricted to a few thin bands. The calcareous beds increase in 
frequency and proportion towards the south, and are most con- 
centratea in the strata representing the middle part of the 
Devonian period [Devonian Group, E. C. S.]. In Belgium 
there is the still thicker Givet limestone, and fiui;her south the 
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Eifel limestone, both of which are usually referred to the middle 
Devonian period. 

Of the limestones deposited during the carboniferous period 
in North America and Western Europe we need say nothing 
here, as details are given under Carboniferous System, E. C. S. 
col. 201, e< seq. 

From this sketch, incomplete as it is, it may be considered as 
probable that limestones were accumukting during the whole of 
the palseozoic period, but interruptedly as regards geographical 
areas. Hence one of the most important desiderata m geological 
science is to trace out the continuous succession of limestones, 
indicating the shifting boundaries of the area of limestone depo- 
sition from time to time ; the elevations and depressions of the 
earth's surface, the deflection of currents, and the other causes 
which influenced such changes ; as also the accompanying varia- 
tions in the phenomena of organic life, more especially as regards 
its distribution. When that is done palaeontologists will be able 
to form a clear conception of the zones, wliich are now so much 
resorted to in stratigraphical descriptions. Then too, perhaps, 
a rough chronological table may be drawn up, such as would 
greatly facilitate the estimates of the duration of geological 
periods. As an example we may refer to Professor Dana's 
"time-ratios" for the palseozoic periods, as represented by the 
Api>alachian deposits. He groups them as fragmental and cal- 
careous rocks, as shown below. 



Fragmental rocks. 
Silurian. . . 15,160 feet. 
DeTonian . . 14,300 „ 
Carboniferous. 14,600 „ 



Limestones. 

6,800 feet. 

100 

12.5 



»» 



»» 



When the strata of apparently the same period are compared 
together in several regions the limestones are generally from one 
fifth to one-tenth the thickness of the fragmental beds ; that is, 
while one foot of limestone is being formed, from five to ten feet 
of clastic or fragmental strata are deposited elsewhere. Taking 
the ratio to be as five to one, and supposing the strata of each 
period were entirely limestones, the following will be the 
greatest thicknesses of limestone belonging to each. For the 
Silurian period, 9830 feet; the Devonian, 2960 feet; and for 
the carboniferous period, 3036 feet This would imply that 
reckoning the carboniferous as a period of a certain number of 
yeai-s, the Devonian was of about equal duration, while the 
Silurian corresponds to nearly three such periods. On the same 
supposition the Cambrian would have extended over two 
periods; the Huronian to one; and the Laurentian to ratlier 
more than three periods. 

The writer is unable to give the relative thicknesses of the 
calcareous and non-calcareous strata more recent than the 
palieozoic age, but, judging from impressions acquired in the 
course of reading, not directed to this question, would estimate 
the total thickness at about 27,000 feet, of which not more than 
2000 feet consists of limestones, so that the whole neozoic epoch 
may l^e regarded as about eouivalent to two periods. 

If limestones have been forming continuously throughout all 
geologic time, and if a continuous series ever be traced, its 
vertical thickness will probably turn out to be about 40,000 feet, 
exclusive of that whicn represents the gaps, such as those be- 
tween the primary and secondary, between the secondary and 
tertiary strata, and others, which would possibly require an 
addition of at least 10,000 feet to the estimate. 

We have said so little of the physical character, chemical 
composition, included minerals, modes of formation, and meta- 
morphoses of the many varieties of limestones, and our space 
precludes further details, that we refer the reader to a few of 
the authorities which will supply him with such information. 
They arc : Bischoff, ' Chemical and Physical Geology ' ; Haugh- 
ton, * Manual of Geology ' ; Jukes, * Manual of Geology ' ; Lyell, 
'Elements of Geology'; Dana, 'Manual of Geology'; Zirkel, 
* Lehrbuch der Petrc^raphie ' ; Delesse, ' £tude8 sur le Metamor- 
phisme des Roches'; Lo^, 'Geology of Canada,' 1863; Cotta, 
' Rocks Classified and Described ' ; Leymerie, ' Elements de 
Mineralogie ' ; Ramsay and others, 'Descriptive Catalogue of 
the Rock Specimens in the Museum of Practical Geology'; 
Roth, * Gestemslehre ' ; Naumann, ' Lehrbuch der Geognoaie.' 

LOBOSA. rAM(BBA, K C. S. ; Foraminife^a, E. C. S.] 

LONDON CLAY [E. C. vol. iiL col. 627]. Under Eocene, 
E. C. S., a rapid risumS is given of the principal eocene strata 
of England, a passing notice only being given to the London 
clay. It was there pointed out how decided is the lithological 
contrast between the bounding strata of the secondary and ter- 
tiary groups of this country ; and that such distinctive features 
coincided with a thorough' revolution in the physical conditions 
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of the area. At the time when the highest chalk was deposited, 
Southern England was the site of an oceanic area many miles 
from land ; while the Thanet beds and the Woolwich and 
Beading series have evidently been formed within a few miles 
of some old continental coast, and in that port of an ocean where 
the waters were shallow. The Woolwich series represent the 
accumulations of a large river not far from where it entered the 
sea. The London clay is in direct sequence to this series, and 
seems to have been formed from a river which may have been 
the same as that which acted as carrier for the underlying beds, 
or if such was not the case, a river which flowed over the same 
land as the previous one, and nearly in the same direction. The 
London clay, however, indicates deeper water, so that it would 
seem either that the land, or rather the oceanic bottom near 
land, had been gradually sinking during this period, or that 
the currents had become much weaker, and were able to carry 
the finer particles of sedimentary matter to a shorter distance. 
Without going into the minute details and lengthv discussions 
which would be requisite to demonstrate from what direction 
this river of the London clay period flowed, the lay of the land 
which it drained, and its approximate size, we may ask the 
reader to forget entirely the relative positions of land and sea at 
the present time, and to imagine a continent stretching far away 
.to the west and occupying a lai^e portion of the North Atlantic 
ocean ; to further ima^e that the eastern coast line extended 
northerly along a latitude nearly coinciding with that of the 
present eastern counties, and that this line trended S.W. from 
Norfolk to Berkshire and Devonshire ; and then S.E. across the 
Channel, through, say the departments of Cotes du Nord, Indre 
and Cher ; and then across the central parts of Europe. It is 
believed that this old tertiary river flowed from the S. W. into a 
bay formed by the south-eastern counties of England, the north- 
eastern departments of France, and the intervening channel ; and 
that the London clay was formed in the deeper part of this bay, 
and some eighty or more miles from the mouth of the river. 

Next let us endeavour to trace out the area over which the 
London clay was originally spread ; and as a step towards this 
end consideration must first be given to those places where the 
London clay is conformably interstratified between the Wool- 
wich beds below and the Bagshot series above. At Southampton 
the London clay is 320 feet thick ; at Whitecliff bay. Isle of 
Wight, it is nearly 300 feet ; at Chobham, in Surrey, it is about 
400 feet, and a similar thickness occurs near Windsor ; at 
Hampstead Hill and south to Eegent's Park, the thickness is 
about 420 feet ; at Wimbledon it is about 400 feet ; at High 
Beech, in Essex, it is probably somewhat less than 440 feet ; 
around Havering and Brentwood it averages 450 feet ; near 
Sheppey the thickness is about 470 feet ; near Ravleigh it is 
nearly the same as at Sheppey ; at Cassel, Nord depsotment, 
France, it is about 400 feet ; near Douai, furUier S.S.K, the thick- 
ness has diminiahed to about 200 feet ; and between the last- 
mentioned localitv and Montdidier, Oise department, the clay has 
thinned out, its place being occupied by a ^p. From these mea- 
surements it may be concludea that this deposit spread uni- 
formly over a large portion of the bay, the supposed form of which 
has been outlined aoove ; gradually expanding fi'om about 300 
feet in Hampshire to 400 feet in Surrey, Berkshire, aud Middle- 
sex, and to nearly 600 feet in Essex and Kent ; and thinning out 
towards the east, as in north-east France, and the north-west 
comer of Belgium. Since the periods of the deposition of the 
London clay and of the Bagshot sands the area of this old bay 
has been subjected to so many alterations, both of uphea^ and 
depression, of denudation and of sedimentary deposit, that we now 
find the LK)ndon clay in a few patches only, forming portions of 
the London, Hampshire, Paris, and Belgian basins, and in each 
of these basins its upper surface has been so scored, excavated, 
and exnosed, that great difficulty is experienced in detecting its 
former lenticular outline. That part of the London clay which 
now remains is only a small portion, whether vertically or hori- 
zontally, of what it once was ; the great bulk of it has been 
swept away. In and around London, and along the lower por- 
tion of the Thames valley farther east, the depressions have been 
for the most part cut out of the London clav ; the Hampstead, 
Highgate, Wimbledon, Langdon, and other hilt, indicate the depth 
of the excavation, since the Lea, Thames, and other streams flow on 
a bottom of London clay. These hills owe their height far more 
to inequality of erosion than to the imdulations of the strata. 
The clialk area of Kent, Surrey, Sussex, Hampshire, and the 
English Channel, is an area of elevation from which the London 
day has been totally removed. The water of the English 
Channel itself occupies the site or place of the lower por- 
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tion of the clay ; and at Calais the shelving shore of the sea 
and the lowland up to Cassel is formed by it. If we consider 
the immense spaces from which the clay has been removed, we 
shall be impressed with the immense amount of work which 
denuding agents have done in tertiary times ; but the magnitude 
of the result is still greater than is implied above, for the beds 
underlving the London clay have been themselves cut through 
or washed away to a thickness of several hundred feet. A por- 
tion of this denudation no doubt occurred before the London 
clay period, but not a little must have taken place since. Thus 
the hollow represented by the Wealden valley has been entirely 
formed since the London clay was laid down. 

Having regard to the facts already stated it may be surmised, 
with some approach to accuracy, that the river of the London 
clay period was far larger than the present Thames, probably as 
large as the Danube, and that the land from which it derived 
the detritus it carried, and which would be the basin of this 
river, has almost, if not quite, wholly vanished. The Danube 
stretches nearly west and east over twenty degrees of longitude, 
and a similar river having its mouth off Devonshire, would 
stretch almost as far as the Azores. 

Having roughly mapped out the ground it would be desirable 
next to examine the clay more minutely with a view to detect- 
ing those minor circumstances which constitute the habitats of 
species, and which cause zoological differences in various parts 
of the same sea bottom. But this task is very difficult, since the 
clay retains a remarkably uniform character wherever met with ; 
the most marked differential lithological point being, tliat in those 
parts where the original development ol the clay was least, sand 
occurs somewhat sparingly. It is very likely that a speciaJ 
investigation would reveal appreciable diffei'ences in the clay of 
different levels and at different spots, since the fossils generally, 
and certain species in particular, are found to prevail on definite 
horizons. In the London district each horizon occupies, stating 
the matter very roughly, about 100 feet. In order* that these 
horizons may not be regarded as being precisely defined, or as 
being equally applicable to all parts of the London clay area, we 
give Mr. Prestwich^s remarks respecting this point. "Confining 
ourselves to the London district, it would appear that £dthough 
a great proportion of the fossils range at intervals verticafly 
throughout the London clay, yet their development is very 
different in different zones, being abundant in some and scarce 
in others, whilst each zone is further marked by a few characte- 
ristic species, thus forming distinct although nearly related 
groups ; that plant remains occur sparingly throughout the mass 
of the London clay, but that their chief development is in the 
uppermost, or perhaps superadded beds in the eastern area, in 
wmch also are entombed the great bulk of the reptilian and hsh 
remains ; that a profusion of mollusks indicating waters of a 
more moderate depth characterise the second descending stage ; 
that deeper sea forms prevail in the third stage in the eastern 
area, but are replaced by a shallower water famia, more nearly 
allied to the fossils of the second stage as we proceed westward ; 
and that the same changes take place also in the fourth and 
lowest stage, many of the forms of the upper divisions being 
common to it in the westward area where the sea was evidently 
shallow, whilst eastward we have indications of the maximum 
depth of the London clay sea with a veir scanty fauna of deep 
sea forms." This harmonizes well with the view that the clay 
was deposited in a bay connected with a broad estuary. The 
bottom of the bay would slope from S.W. to N.E. If the 
depression proceeded faster in the eastern than in the western 
part of the Lay we should expect to find a greater community 
oetween the clay generally in the west, ana the lowest zone in 
the east. Much of the difl'erence noted may be due to variations 
in the depths, and the similarities maybe in great measure owing 
to the species having lived under the same conditions with 
respect to depth and other circumstances. ** It must not, how- 
ever," Mr. Prestwich continues, " be supposed that the fos^s are 
dispersed either vertically or horizontally with any uniformity 
as to numbers ; although, as before mentioned, certain zones are 
characterized by certam groups of organic remains, yet the 
fossils tend to occur in greater or less abundance in certain beds. 
This is especially the case in the lower zone, which is frequently 
almost totally iinfossiliferous ; the third zone likewise is often 
marked by the absence of fossils, and so again with the upper 
zone ; the fossils appear more permanent in the second zone. 
These zones are necessarily artificial, as no actual division exists, 
and the organic remains and mineral characters are continuous ; 
but they serve to mark the distinct conditions of the fauna and 
flora at particular periods, and show the prevalence genera^y of 
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like forms on the same levels ; they are not, however, to be 
taken by any means as constant, but merely as local centres for 
convenient reference and grouping." 

In illustration of bis remarks Mr. Prestwich has drawn up 
lists of most of the described species arranged according to the 
zones, which lists we append below, to which we have added an 
enumeration of some of the species whose precise horizon we are 
not able to give, including an amended list of the Foraminifera 
by Professor T. Rupert Jones. We have also given a Hst of the 
fossils found in the basement bed of the London clay. The 
asterisks indicate the most abundant and characteristic species 
of mollusca. The first or uppermost zone varies in thickness 
from about 70 feet in the western portion of the London 
basin to 150 feet in the east. Fossils occur in its exposures in 
the cliffs of Sheppey and Southend ; at Brentwood Hill ; and at 
Egham Hill ; but the following list applies more particularly to 
the Isle of Sheppey : — 

AVES. 

HalcjomiB toliapicus. Owen. 
Lithomis Tulturmus. Owen. 
L. (?) emuinuB. Bowerb. 

Heptilia. 

Chelone breviceps. Owen. 

C. conyeza. Owen. 

C. cuneiceps. Owen. 

C. latiBcutata. Owen. 

G. longiceps. Owen. 

G. Bubcarinata. Owen. 

C. BubcrlBtata. Owen. 

EmvB bicarinatus. Bell. 

£. Uomptoni. Bell. 

£. Delaoechei. Bell. 

£. Iffiyifl. BeU. 

£. testudinifonnifl. Owen. 

Platemys Bowerbankii. Owen. 

P. Bullockii. Owen. 

Trionvz pustulatuB. Owen. 

CrooodiluB chamnsoideB. Owen. 

C. toliapicoB. Owen. 

PalsBopms toliapicuB. Owen. 

Pisces. 

AceBtruB omatuB. AgaBsiz. 
Acipenser toliapicus. Ag. 
jEtobatis irregularis. Ag. 
M, Bubarcuatus. Ag. 
AmpheristuB toliapicus. Kdn. 
AucnenilabruB frontalis. Ag. 
BothrosteuB minor. Kf^. 
Brachygnathus tenuiceps. Ag. 
- BrychetuB Hulleri, Ag. 
GalopomuB porosus. Ag. 
Garcnarodon angustidens. Ag. 
C. Bubserratus. ^g. 
Coelocephalus salmoneus. Ag. 
Goeloperca latlfrons. Ag. 
Goelopoma Colei. Ag. 
0. l«ye. Ag. 
Coelorhynchus rectus. Ag. 
Gybium macropomiun. Ag. 
Elasmodus Huntcri. Egert. 
EurygnathuB cavifrons. Ag. 
Oly^niB hastalis. Ag. 
Goniognathus corjrphfenoides. Ag. 
O. maxillaris. Ag. 
Gyrodus leevior. Ag. 
HalecopsiB Isevifl. Ag. 
Hypsodon oblonguB. Ag. 
H. toliapicus. A^. 
Labrophagus esocmuB. Ag. 
Lamna compreBsa. Ag. 
L. elegans. Ag. 
L. £[opei. Ag. 
L. yertioalis. Ag. 
Lapams alticeps. Ag. 
LoxoBtomus mancus. Ag. 
Megalops priscus. Ag. 
MerlinuB cristatus. Ag. 
Myliobatis acutus. Ag. 
M. canaliculatus. Ag. 
M. Golei. Ag. 
M. Dixoni. Ag. 
M. goniopleurus. Ag. 
M. gyratus. Ag. 
M. neteroplenrus. Ag. 
M. iugalis. Ag. 
M. latemallfl. Ag. 
M. nitidus. Ag. 
M. Oweni. Ag. 
If. punctatuB. Ag. 
M. striatuB. Ag. 
If. toliapicus. Ag. 



Myripristis toliapicus. Ag. 
Kotidanus serratissimus. Ag. 
OtoduB macrotus. Ag. 
0. obliquuB. Ag. 
PachycephaluB cristatus. Ag. 
PercoBtoma angustum. Ag. 
Periodus Konigi i . Ag. 
PhalacruB cybioides. Ag. 
Phasganus declivis. Ag. 
PhylloduB irregularis. Ag. 
P. marginalia. Ag. 
P. medius. Ag. 
P. planus. Ag. 
P. pdlyoduB. Ag. 
P. toliapicus. Ag. 
PisoduB politus. Owen. 
PodooephaluB nitidus. Ag. 
PomopnraotuB Egertoni. Ag. 
PriBtis bisulcatus. Ag. Q), 
Paaliodus compreBSus. Ag. 
Ptychooephalus radiatus. Ag. 
PycnoduB toliapicus. Ag. 
BainooephaluB planieeps. Ag. 
BhipidolepiB elegans. Ag. 
ShonouB eanmgoideB. A^. 
Bhynchorhinus branclualis. Ag. 
ScisDnuruB Bowerbanki. Ag. 
8. crasslor. Ag. 
SoombrmuB crassidens. Ag. 
6. priBous. Ag. 

Teratiohtbys antiquitatis. K<in. 
TetrapteroB prisous. Kon. 

liOLLUSCA. 

CepluUopoda. 

Belosema sepioidca. Blain. 

* NautLlUB centralis. Sow. 

* N. imperialis. Sow. 
N. regalia. Sow. 
N. urbanus. Sow. 

* N. (Atiuia) zic-zao. Sow. 
Oasteropoaa. 

ActsBon simulatus. Sow. 

Ancillaria. 

Aporrhais Sowerbii. Kant. 

Buccinum junceum. Sow. (?) 

* Bulla attenuata. Sow. 
Cancellaria quadrata. Sow. 
Gassidaria nodosa. Brand. 
C. striata. Sow. 

* Gerithium Charleswortliii. Prcst. 

* GonuB concinnus. Sow. 
Corbula. 

Gyprsea oyifonms. Sow. 
Dentalium nitens. Sow. 

* FuBUB bifasciatuB. Sow. 

F. coniferus. Sow. 
liurex cristatus. Sow. 
M. spinnloBUB. Desh. 

* Natioa labellata. Lam. 

* Pleurotoma prisca. Sow. 
P. rostrata. Sow. 

* Phorus extensus. Sow. 
Pyrula tricostata. Desh. (?) 
P. anffulata. Edw. 

* Bostellaria lucida. Sow. 
Sealaria reticulata. Sow. 

* Solarium patulum. Sow. 
S. canaliculatum. Lam. 
Terebra striata. 

Triton. 

* Turritella imbricataria. Lam. 
Yoluta nodosa. Sow. 

Lamellibranehiata, 
Area. 

* Astarte rugate. Sow. 

* Avicula papyracea. Sow. 
A. media. Sow. 
Gardlta. 

* Gardiom nitenB. Sow. 

* Cryptodon Goodhalli. Sow. 
Gyprina planata, yar. Sow. (?) 
OTnana. Sow. 

G. obli(|ua. Deflh. 
Isocardia sulcata. Sow. 
Modiola. 

* Neaera inflata. Sow. 
Nucula amygdaloides. Sow. 
N. Bowerbankii. Sow. (?) 
Oitrea. 

* PectunculuB decussatus. Sow. 
Pinna arouata. Sow. (?) 
Svndosmya splendens. Sow. 

* Teredo antenautfiB. Sow. 
Tercdina pcrsonata. Lam. 

Brachiopoda. 

* Terebratulina striatula. 
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Crustacea. 

Archsocarabus Bowerbanki. M'Coy. 

Ba8iiiotoi>iia Lamarckii. Beam. 

Hoplopaiia BellL WCoj, 

H. gammaroidea. H'Coy. 

Zan^opoB biapinosa. M'Coy. 

Z. hispidiformia. Schloth. 

Z. Leachii. Deam. 

Z. nodosa. M'Coy. 

Z. unispinosa. M'Coy. 
Annelida. 

Serpula. ^ 

Yenniculana bog^norienais. Mant. 
£ehinodernuita, 

Aatropecten armatus. Forbes. 

A. (?} Colei. Forbes. 

A crispatus. Forbes. 

Coelopleunis Wetherellii. Forbes. 

Goniaster Stokesii. Forbes. 

6. marginatus. Forbes. 

G. tuberculatus. Forbes. 

Hemiaster Bowerbankii. Forbes. 

H. Prestwichli. Forbes. 

PentocrinuB subbasaltifoniuB. Mill. 

C(ELENTEBATA. 

AetiwwM. 

Grapbularia Wetberelli. M.-Bdw. 
Paracyathus breyis. M.-£dw. 
P. caryopbylluB. Lam. 
TrochocyatnuB sinuosus. Brong. 

Plantjb. 

Zf^eopodiaeea. 

Lycopodites squamatus. Brong. 
Qmifera. 

Callitrites. 4 sp. 

Frenelitos. 4 sp. 

Solenostrobus. 6 sp. 
Aurantiaeea (JH* 

Wetherellia yariabilis. Bow. 
Cucurbitacea. 

Cucnmites variabilis. Bow. 
Zefuminosa. 

Faboidea. 25 sp. 

Leguminosites. 18 sp. 

Xuiionosprionites. 2 sp. 
. Malvacea. 

Higbtea. 10 sp. 
Nipacea. 

Kipadites. 12 sp. 
FroUaeeiB. 

Petropbiloides oyiformis. Bow. 
Sapindaeea. 

Cupanoides. 8 sp. 

Tncarpellites. 7 sp. 

The second zone varies from 80 feet in the west to 100 feet in 
the east. The principal fossiliferous localities are Maigaretting 
street ; near Chelmsford ; Highgate archway, to which place the 
following list more especially applies ; Wandsworth Common ; 
Newnham ; Clewef s Gfreen. 

Refthja. 
Yertebrs of Palseophis (?), and some small teeth, probably reptilian. 

Pisces. 

Carcharodon. 

Coelorhynchus. 

Lamna elegans. Ag. 

Myliobatis DixonL Ag* 

NoUdanus. 

Otodus obliquus. Ag. 

MOLLUSCA. 

Cfphal^oda. 

Belemnosis plicata. Edw. 
Beloptera LevesqueL D'Orb. 
Beloscpia sepioidea. Blain. 

* Nautilus imperinlis. Sow. 
N. Sowerbyi. Weth. 

N. zic-zac. Sow. 
Gasteropoda. 

Actseon crenatus. Sow. 

* A. simulatus. Sow. 
Ancillaria. 

Aporrhaii Sowerbii. Mant. 
Buccinum junceum. Sow. 

* Bulla attenuata. Sow. 

* Cancellaria IsBTiuscula. Sow. 

* Cassidaria nodosa. Brand. 

* C. striata. Sow. 
Ccrithium concinnum. Char. 



* Conus concinnus. Sow. 
Cypnca ovifonms. Sow. 

* Ifentalium nitens. Sow. 
Eulima subulata. Sow. 
Fusus bifasciatus. Sow* 

* F. coniferus. Sow. 

* F. curtus. Sow. 

F. complanatus. Sow* 
F. interruptus. Sow. 
F. porrectus. Brand* 

* F. trilineatus. Sow. 
F. tuberoeus. Sow. 
Hipponyz. 

* Melania. 

Mitra pumila, Sow. 

* Murex coronatus. Sow* 
M. cristatus. Sow. 

M. frondosus. Sow. 
M. minax. Brand. 
M. spinulosus. Desh. 

* Natica labellata. Lam. 
N. hantoniensis. Sow. 
N. sigaretina. Sow. 
Odoetomia. 

* Phorus eztensua. Sow. 
Pyramidella. 

Pyrula angulata. Edw. 
Ringicula turgida. Sow. 
Rostellaiia lucida. Sow. 
K. macroptera. Lam. 
Pleurotoma acuminata. Sow* 

* P. colon. Sow. 

* P. comma. Sow. 
P. fusiformis. Sow. 
P. plebeia. Sow. 
P. rostrata. Sow. 
P. semicolon. Sow. 

P. "Waterkeynii. Nyst. 

P. Vol^ri. Phil. 

Scalana reticulata. Sow* 

S. undosa. Sow. 

Skcnea (?). 

Solarium canaliculatum. Lam. 

* 8. patulum. Sow. 
Si^;aretu8 canaliculatus, Sow. 
Tnton fasciatus. Edw. 
Typhis muticus. Sow. 
Tunitella imbricataria. Lam. 
T. scalaroidfes. Sow. 
Volvaria (?). 

* Yoluta nodosa. Sow. 
Lamellibranehiata. 

Anomia Imeata. Sow. 
Anatina (?>. 
Area impouta. Sow. 
Astarte rugata. Sow. 

* Avicula media. Sow. 
A. papyracea. Sow. 
Caidium nitens. Sow* 
Cardita (?). 

* Corbula globosa. Sow. 
C. cardiiiormiB. Edw. 

* Cytherea obliqua. 
Cryptodon Goodhalli. Sow. 
Lucina. 

Modiola depressa. Sow. 

* M. elegans. Sow. 
M. subcarinata. Sow. 
Neaera inflata. Sow. 
Nucula minima. Sow. 
N. trigona. Sow. 
Panopaea intermedia. Sow. ? 

* Pecten comeus. Sow. 
Pectunculus decussatus. Sow. 
Pholadomya (?) 

Pinna affinis. Sow. 
P. arcuata. Sow. 
Sanguinolaria compressa. Sow. 

* Solen affinis. Sow. 
Srndosmya splcndens. 
Ijeredina personata. Lam. 

* Teredo antenautsD. Sow. 
Braehio)i)oda. 

Lingula tenuis. Sow* 
Folyzoa. 

Flustra. 
Eschara. 
Ccllepora. 
Crisia. 

Annulosa. 

Crustacea. 

ArcluDocarabus (?). 
Basinotopus. 
Scalpellum quadratum. 
Znntbopais nodosa. M'Coy. 
Z. Leachii. Desm. 
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Annelida. 

Ditnipa inorassata. Sow. 

Serpula heptagona. Bow. (?) 

S. crassa. Sow. 

Yermicularia bognorien&is. Mant 
£cIiinodermaia, 

Coelopleunis "Wetherellii. Forbes, 

Hemiaster (?J. 

Ophiura WetnerelU. Forbes. 

Pentacrinus Sowerbii. "Weth. 

Ccelentbhata. 
Aetin&zoa. 

Graphularia Wetherellii. M.-£dv. 

P&OTOZOA. 

Foraminifera. 
Cristellaria. 
Dentalina. 
Robulina. 
Bosalina. 
Botalina. 
Tnmcatulina. 

Plant js. 
Some species of Nipadites, and a few fruits. 

The third zone averages about 100 feet in thickness in the west, 
and 140 feet in the east. Fossils occur in it in the cliffs between 
Heme Bay and Whitstable ; at Colchester ; at Chalk Farm, 
Primrose Hill, Copenhagen Fields, Islington, Homsey, all of 
which places are in the London suburbs ; at Colney Hatch ; 
Kew ; Brentford ; Whetstone ; and Cuffell. 

Ayes. 
Btemum of a small wader. 

Beptilia. 
Trionyx.f 

Pisces. 
JEtobatis. 

Lamna elegans. Ag. 
Myliobatis. 
Notidanus. 
Otodus obliquus. Ag. 

MOLLUSCA. 

Oephal^oda. 

IBelosepia. 

* Nautilus centralis. Sow. 

* N. regalis. Sow. 
N. Sowerbii. "Weth. 
N. urbanus. Sow. 
N. zic-sac. Sow. 

Ooiteropoda. 

ActsBon crenatus. 

A. simulatus. 

* Aporrhais Sowerbii. If ant. 
Bucoinum junceum. Sow. 
Bulimus. 

* Bulla attenuata. Sow. 
Cancellaria Iffivinscula. Sow. 

* Gassidaria striata. Brand. 

C. nodosa. Sow. 
Chemnitzia T?). 

Gerithium Charlesworthii. Prest. 
Cypraja Wetherellii. £dw. 

* C. oTiformis. Sow. 
Dentalium anceps. Sow. 

D. acuticosta. Desh. (?) 
Eulima subulata. Sow. 
Fusus carinella. Sow. 
F. curtus. Sow. 

* F. bifasciatus. Sow. 

* F. interruptus. Sow, 
F. coniferus. Sow. 
F. trilineatus. Sow. 
F. tuberosus. Sow. 

* Natica labellata. Lam. 
Murex ciistatus. Sow. 
Nerita globosa. Sow. (?) . 
Phasianella (?). 

Phorus extensus. Sow. 

* Pyrula Smithii. Sow. 

* P. angulata. Edw. 
P. tricostata. Desh. 

* Pleurotoma acuminata. Sow. 
P. plebeia. Sow. 

Ilissoa Q). 

* Rostellana lucida. Sow. 

B. macroptera. Lam. 

* Scalaria reticulata. Sow. (?) 

* Solariimi patulum. Sow. 
Si^aretus canaliculatus. Sow. 
Tnton fasciatus. Edw. 
Trivia. 



Turritella (?) scalaroides. 
T. imbricataria. 
Typhis muticus. Sow. 
Yoluta elerata. Sow. 

* y. protensa. Sow. 
V. tricorona. Sow. 

* V. WetherelU. Sow. 
Lamcllibranehiata. 

Anomia lincata. Sow. 
Area impolita. Sow. 
A. nitens. Sow. 
Astarte rugata, Tar. 
Avicula media. Sow. 
A. arcuata. Sow. 

* Cardium plumsteadiensc. 
C. nitens. Sow. 

* Corbula globosa. Sow, 
C. reguH)ionsis. Mor. 

* Cryptodon angulatum. Sow. 

* C. GoodhaUi. Sow. 

* Cyprina planata. Sow. 
Isocardia sulcata. Sow. 
Lucina. 

Modiola elegans. Sow. 

* Nesera inflata. Sow. 

* Nucula amygdaloidcs. Sow. 
N. minima. Sow. (?) 

K. Bowerbankii. Sow. 

N. Wetherellii. Sow. 

Ostrea. 

Pecten duplicatus. Sow. 

* Pinna affinis, Sow. 

* Pholadomya margaritacea. Sow. 

* Syndosmya splendens. 
Teredo antenaut». 

Braehiopoda, 

lerebratulina striatula. Sow. 
J\>lyzoa. 

Flustra crassa. 

Crustacea. 

ArchsDocarabus. 
Cythere. 3 sp. 

C. (Bairdia) subdcltoidea. Muns. 
f Cythereis) angulatopora ? Beuss. 
JC.) horrescens. Bosq. 
rCytherella) Munsteri. Boem. 
JC.) ovata f ? ). Boem. 

* Hoploparia Bellii. M'Cov. 
Zanthopsis Leachii. M'CToy. 
Annelida. 

Ditrupa plana. Sow. 

D. incrassata. Sow. 
Serpula prismatica. Sow. 
S. trilineata. Sow. 
Yermicularia bognorionsis. Mant. 

£ehinodermaia, 

Bourgueticrinus londinensis. Forbes. 
Cainocrium tintinnabulum. Forbes. 
Hemiaster Branderianus. Forbes. 
Pentacrinus Oakshottianus. Forbes. 
P. subbasaltiformis. Mill. 
P. Sowerbii. Weth. 

CCELBMTERATA. 

AcUnozoa, 

Dasmia Sowerbii. M.-Edw. 
Graphularia Wetherellii. M.-Edw. 
Leptocyathus elegans. M.-Edw. 
Mopsea costata. M.-Edw. 
Stephanophyllia discoides. M.-Edw. 
Turbinolia Frestwichii. M.-Edw. 
Webeteria crinoides. M.-Edw. 

Pbotozoa. 
Forantinifera. 

Cnstellaria. 

Dentalina acuta. D'Orb. 

D. Adolphma. D'Chrb. 

D. consobrina. D'Orb. 

D. pauperata. D'Orb. 

Glandiuina. 

Globulin a. 

Globi^rina. 

MargiDulina Wetherellii. Jones. 

Nodosaria affinis. D'Orb. 

N. bacillimi. Defr. 

N. badenensis. D'Orb. 

N. longiscata. D'Orb. 

N. rustica. Jones. 

Quinqueloculina. 

Bobuuna. 

Botalina. 

Spirillina. 

Textularia carinata (?). D'Orb. 

T. lajvigata (?). D'Orb. 

Triloculina. 

Truncatulina. 
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Plantje. 

A few specimens of Nipadites, fruits, and seeds. 

The fourth zone ranges from 60 to 90 feet in thickness, being 
thickest towards the east. It occurs at Harwich ; Walton ; 
Hedgerley ; Old Basing ; Sheffield ; and Bognor, to which last 
place the following list more particularly i-efers. 

Eeptilia. 

Chelone declivis. Owen, 
CrocodiluB sp. 

Pisces. 

Lamna sobulata. Ag. 
Otodus pbliquus. Ag. 

MOLLUSCA. 

Cephalopoda. 

Nautilus imperialis. Sow. 

* N. regalia. Sow. 

* N. Sowerbii. Weth. 

* N. centralis. Sow. 
Gasteropoda, 

^ctaeon simulatus. 
^ Aporrhais Sowerbii. Hant. 
Buccinum (?). 

* Cassidaria nodosa. Brand. 
C. striata. Sow. 

Fusus tuberosus. Sow. 

F. nodosus. Sow. 

Infundibulum trochiforme. Sow. 

Littorina sulcata. 

Natica hantoniensis. Sow. 

.N. microstoma. Sow. 

* N. labellata. Lam. 

* N. patula. Desh. 

* N. si?aretina. Sow. 
N. Bubdepressa. Mor. 
Pleurotoma prisca. 
Pseudoliva semicostata. Desh. 

* Pyrula Smithii. Sow. 
Solarium bistriatum. Sow. 

* Turritella imbricataria. Lam. 
T. scalaroides. Sow. 

* Voluta denudata. Sow. 
Lamellibranehiata. 

* Anomia lineata. Sow. 

* Oardita Brongniartii. Sow. 

* C. auadrata. Sow. 
Caroium plumsteadiensc. Sow. 
Corbula globosa. Sow. 
Cultellus afl9nis. Sow. 
Cyprina planata. Sow. 

C. (}) nana. Sow. 
Cjriiierea obliqua. Desh. 
C. suberycinoides. Desh. (?) 

* Modiola elegans. Sow. 
M. simplex. Sow. 

* Ostrea elephantopus. Sow. 
0. cariosa. Desh. 

* 0. tabulate. Sow. 

* PanopsDa iiitennedia. Sow. 
P. puella. Sow. (?) 

* P. porrugata. Sow. (?) 

* Pectunculus terebratularis. Lam. 

* P. decussatus. Sow. 
Pholadomya Dixoni. Sow. 
P. Koninckii. Nyst. 

P. margaritacea. Sow. 
P. riigulosa. Sow. 
Pholas Pechellii. Sow. 
Pinna maiigaritaoea. Sow. (?) 

* P. affinis. Sow. 

* Teredo antenautce. Sow. 
Teredina personata. Desh. 
Thracia oDlata. Sow. 

JBrachiopoda. 

Lingula tenuis. Sow. 

AlTNULOSA. 

Crutiac^. 

Hoploparia Beim. li'Co^ 

Scalpellum quadratum. 

Zanthopsii Leachii. 
Anneiida. 

Ditrupa plana. Sow. 

Serpula no^elliformis. Sow. (?) 

Yermicularia bognoricnsis. Jlant. 

The basement bed of the London clay has yielded fossils at 
Lane End, Holyport, Bray cut, Hedgerley, Cowcroft, Batchworth 
Heath, Bennett's End, Bushey, and Hampstead. The annexed 
list comprises species distributed amongst these localities, and is 



'I.- 
Dixon. 

M'Coy. 



given by Whitaker in his memoir on the geology of Middlesex 
and the counties adjoining its western hall 

Reptilia. 
Lanma. 

Pisces. 

Bones, yertebre, and scales. 
OtoduB. 

HOLLTTSCA. 

Oaateropoda. 

Aporrhais Sowerbii. Mant. 

Calyptrsea trochiformis. Lam. 

Csssiaaria nodosa. Brand. 

C. striata. Sow. 

Fusus. 

Katica hantoniensis. Sow. 

N. labellata. Lam. 

Pleurotoma. 

Pyrula Smithii. Sow. 

P. tricostata. Desh. 

Bostellaria. 

Scale ria. 

Voluta. 
ZamellibranchiaUt. 

Cardium Laytoni. Hor* 

C. nitens. Sow. 

G. plumsteadiense. Sow. 

Corbula rejg:ulbiensis. Mor. 

C3rprina Morrisii. Sow. 

Gyrena cuneiformis/ Fer. 

Gytherea obliqua. Desh. 

G. orbicularis. £dw. 

C. oralis, var. (?) Sow. 

Glycimeris (?J. 

Lithodomus (r). 

Modiola elegaxis. Sow. 

Nucula. 

Ostrea belloyacina. Lam. 

0. pulchra. Sow. 

Panopea intermedia. Sow. 

Pectunculus brerirostrum. Sow. 

P. plumsteadiansis. Sow. 

Solon. 

TelUna. 
Braekio^oda. 

Lingula tenuis. Bow. 

AKKtJLdSA. 

Annelida. 

Ditrupa plana. Sow. 

Plants. 
A leaf and some fragments of wood. 

The following species include a few whose horizon has not 
been indicated above, but which are found in the London 
clay. 

Mammalia. 

Coryphodon eoceamus. Owen. 
Hyracotherium leporinum. Owen. 

BiPTILIA. 

Ghelone crassicostata. Owen, 
C. planimentum. Owen. 

Mollusca. 

Gattgromda. 

Bulimus ellipticus. Sow. 

Cyprsea Prestwichii. £dw. 

Fusus angusticostatus. 

F. bulbus. Brand. 

Marginella bifidoplicata. Charlesw. 

Pleurotoma abnormis. £dw. 

P. cocciphora. £dw. 

P. conica. £dw. 

P. constricta. £dw. 

P. diBsimiUs. £dw. 

P. elegans. 

P. fasciolata. £dw. 

P. flexuosa. Miinst. (?) 

P. granata. £dw. 

P. helix. £dw. 

P. Koninckii. Nyst. 

P. Iffivigata. Sow. (?) 

P. Lehonii. fioualt. 

P. lissa. £dw. 

P. macrura. £dw. 

P. parilis. Edw. 

P. Prestwichii. £dw. 

P. pupoides. £dw. 

P. rotundata. £dw. 

P. SeljTsii. De Kon. 

P. simillima. £dw. 

P. stena. £dw. 

P. sulculosa. £dw. 

P. symmetrica. £dw. 
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Pleurotoma Ueniolata. £dw. 
I*, tcrcbralia. Lam. 
P. tereticosta. Edw. 
P. teretrium. Edw. 
P. tricincta Edw. 
P. WetherelUi. Edw. 
Pyrula nexilis. lam. (?) 
Bostellaria ampla. Brand. 
Scalaria aemicostata. Sow. 
Turritella sulcifera. Deah. 
Zameliibranehiata, 

Anemia scabrosa. Wood. 

Astarte donacina. Sow. 

Cardium semigranulatum. Sow. (?) 

Leda striata. Lam. (^ 

L. prisca. Sow. (?) 

Osdva BelloTacina. var. pulchra. Sow. 

0. gryphoyincft. Wood. 

Annxjlosa. 
Crustacea. 

Archseocarabus Bowerbankii. M'Coy. 

Cyclocoristea pulchellus. Bell. 

Cy there barbata. Sow. 

C. scrobiculoplicata. Jones. 

C triangulans. Reuss. 

C. (Cythereis) Bowcrbankiana. Jones. 

C. tCytheridea) perforata. Reuss. 2 vara. 
CytbereUa compressa. Munst. 
G. londinensis. Jones. 
Dromilites Bucklandi. Edw. 

D. Lamarckii. Desm. 
Hoploparia gammaroides. M'Coy. 
Scyllaridia Aonigi. Bell. 
Thenops scyllariibnnis. Bell. 
Trachysoma scabrom. Bell. 

Protozoa. 
Foratnittifera. 

Bulimina orata. D'Orb. 

B. (Bolivina) punctata. D'Orb. 

Globieerina oulloides. D'Orb. 

Lituola nautiloidea. Lam. 

Miliola (Biloculina) dcprcssa. D'Orb. 

M. ^Triloculina) oblonga. Mont. 

M. (Quinqueloculina) trixmguhiris. D'Orb. 

Nodosarina (Cristellaria) cassis. Ficht and Moll. 

N. (Crist.) crepidula. Ficht and Moll. 

N. rCrist.) cultivata. Montf. (Includes Robulina.) 

N. (Crist. 1 italica. Defr. 

N. (Crbt.) rotulata. Lam. 

N. (Dentalina) acicula. Lam. 

N. (Dent.) acuticosta. Reuss. 

N. (Dent.) brevis. D'Orb. 

N. (Dent.) communis. D'Orb. 

N. fDent.) consobrina. D'Orb. 

N. (Dent.) intermittens. Rom. 

N. (Dent.) sninulosa. Mont. (Includes D. Adolphina. D'Oi*b.) 

N. (Marginulina) lituua. D'Orb. 

N. (Marg.) WetherelUi. Jones. 

K. (Nodosaria) hirsuta. D'Orb. 

N. (Nod.) oYicula. D'Orb. (Includes N. longiscata. D'Orb.) 

N. (Nod.) pyrula. D'Orb. 

N. (Nod.) radicula. D'Orb. 

N. (Nod.) raphanus. Linn. 

N. (Nod.) raphanistrum. Linn. (Includes N. afflnia, D'Orb., and 

N. badenensis. D'Orb.) 
N. (Yaginulina) linearis. Mont. 
Planorbulina ammonoides. Reuss. (Includes Bosalina and Ro' 

talina.) 
P. Haidingeri. D'Orb. 
P. Ungeriana. D'Orb. 

P. (Truncatulina) lobatula. Walker and Jacob. 
PuUenia sphsBroides. D'Orb. 
Pulvinulina elegans. D'Orb. 
P. Micheleiniana. D'Orb. 
Rotalia orbicularis. D'Orb. 
Textularia abbreyiata. D'Orb. 
T. agglutinana. D'Orb. 
T. cannata. D'Orb. 
T. tunis. D'Orb. 
T. (Vemeuilina) communia. D'Orb. (rClarulina communis, 

D'Orb., and Nodosaria nistica. Jonen.) 
Trochammina incerta. D'Orb. (=SpiriUina of some liata.) 

These lists exemplify what may be almost tenned a principle 
in palajontology, which principle is that while the law of deve- 
lopment of organic beings regulates what classes or groups of 
species cannot occur in any given formation, it is local circum- 
stances which detennine what groups and what proportion of 
each group shall be represented by fossils. Thus taking these 
lists as our standard, altnough it must be remembered there are 
many other species not described, we arrive at the following 
analytical results. The number of species of each class is as 
follows :— 
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Rhizopoda . 
Actinozoa . 
Echinodermata 
Annelida . 
Crustacea 
Polyzoa . . 
Brachiopoda . 
Lamellibranchiata 
Gasteropoda . 
Cephalopoda 
Piacea . . 
Beptilia 
Atcb 



Of the twenty-seven classes of animals, thirteen, or rather four- 
teen (for mammalia have left some remains) only are represented. 
There can be little doubt that the thirteen unrepresented classes 
were in existence at the time, but owing to their not being 
readily susceptible of fossilization, or to species belonging to 
them not having been buried in the London clay, relics of them 
are few or none. Of the represented classes none afford the 
maximum number of species m the basement bed. In zone 4 
the lamellibranchs are as numerous as in any other, and keep 
up about the same abundance of species in zones 2 and 3, there 
bein^ a slight decline in zone 1. No other class reaches its 
maximum in zone 4. In zone 3 the Ehizopoda, Acthwzoa, Gnu- 
tacettf and Cephalopoda attain the maximum. The Rhizopoda 
are far more numerous on this than on any other horizon ; the 
Actinozoa are somewhat more numerous ; while the Orusta^cea 
and C^halopoda retain about the same numerical development 
at all higher levels. In zone 2 the Polyzoa and Gasteropoda are 
more fiuly developed than on any other, and in zone 1 the 
echinoderms, fishes, reptiles, and birds are better represented 
than anywhere below. These figures in themselves afford no safe- 
indication as to what was the relative numerical importance of 
each class in the living world, or as to what was their relative 
numerical importance at different periods. Such points cannot 
be elucidated by the mere examination of lists, but require an 
investigation whose object is to ascertain, among other things, 
to what extent the conditions of fossilization at each period was 
favourable for their preservation, and what has been the degree 
of care or thoroughness of search in collecting the fossils. By 
neglecting such considerations, and considering the numbers in 
lists as too positive in their nature, students are apt to be mis- 
led as to what was the actual condition and development of the 
organic world. 

The Foraminifera, of which twenty-two species are mentioned 
by Mr. Prestwich as from zone 3, and forty-two are enumerated 
by Professor Jones from the London clay generally, are best 
represented at the present day in waters of moderate depth and 
in warm regions. Judging from the figures this group was com- 
paratively poor, since more than sixty species occur now on the 
British snores, and in the richest localities, such as the Medi- 
terranean, they amount to nearly 300. Looked at as a whole 
they seem to indicate that the bottom on which they lived was 
covered by not much over 100 fathoms of water. Globigerina 
might indicate deeper seas, but the same species as is found in 
the London clay may be picked up by hundreds in a shelly 
marl on the shores of Connemara. The list is especially notice- 
able for the absence of the Nummidine group, which forms so 
conspicuous a feature in the Bracklesham and other middle 
eocene beds ; as also for its considerable similarity to the list of 
liassic forms as determined by Professor Jones. There are 
thirty-three liassic species in the west of England belonging to 
ten generic or sub-generic groups. Of the groups six, or more 
than half, occur in the London cla^ ; and of the species nine, 
or nearly one-fourth, are met with in the tertiary beds ; while 
on the other hand Mr. Prestwich remarks that it is doubtful if 
there is one species common to the London clay and the Brack- 
lesham sands. There seems to be an anomaly here. Either Mr. 
Moore is wrong in assigning the species to a liassic age, or Pro- 
fessor Jones is wrong in his determmations, or it is not safe to 
conclude how near or how far strata are chronologically related 
from the amount of resemblance or dissimilarity presented by 
their fossil foraminiferal contents. 

The ActiTWZoa are very poorly represented, but it is probable 
the fossils formed a tithe only of the fauna living during the 
London clay period. The Graphularia was prolmbljr a mud 
dweller, ana as will be seen it occurs in all the zones in which 
Actinozoa are found. Mopsea usually dwells on rocks and stones, 
and was probably diafted on to the London clay bottom. Most 
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of the corals were also fixed to rocks and stones when alive. 
They belong chiefly to the family TurbinolicUe, which is the most 
abundant of the corals on the British shores. But this family is 
far less numerous in the living fauna than the soft bodied Acti- 
nidcBy and it may be presumed that sea anemones were also 
abundant in the London clay period. The list, short as it is, 
is remarkable for the number of extinct and foreign genera in it, 
and for only one genus being represented by more than a single 
species. Stephanophyllia is not British now, but is met with in 
the West Indies. Balanophyllia is a nearly allied genus, and is 
now found on British shores. ParacyatJms is the only genus 
still remaining in the British faima, m which it is represented 
by three species. 

The six species of Echinodermata in the third zone are dif- 
ferent from any that occur in zone 2, and only one is known in 
zone 1. Few oi the forms ascend to higher levels, and nearly all 
the genera have either migrated to other seas or become extinct. 
The species in the third zone belong to genera which flourished 
in the secondary period, but which appear to be near the end of 
their existence at this period. Bourgueticrinus is nearly allied to 
the oolitic Apiocrinus, with which indeed it was associated ; while 
its last representative is not known to be more recent than the 
early tertiary period. At the present time the family Apiocrinidce 
is represented only by the Rhizocrinus l^otensis, which is generally 
distributed in the deeper parts of the North Atlantic, and which 
appears to be a form lor which the present condition of things 
is unfavourable. It is generally the case with the last genera 
and species of a group, and \nm species which are not under 
the most favourable conditions for existence that they undergo 
great variation. Bov/rguetxcrimis presents this condition during 
the later chalk and earlier tertiary i)eriods ; but Rhizocrinus, 
the living representative of its family, '^ looks like a Baurgueti- 
crintUf'wmcD. has been going to the bad for a number of a^s ; 
which was somehow getting worsted in the struggle for life.'' 
(Professor WyviUe Thomson). Of the genera in zone 2, Galopleurus 
and BemicLster are now extinct ; Goniaster, which occurs in zone 1, 
is another genus which commenced and flourished in the second- 
ary, and which lingered on into the tertiary era, and died out 
before it had terminated. Of all the echinoderms Astrcpecten is 
the only genus which flourishes in modem seas ; like many of 
those already mentioned it has been traced back as far as the 
oolitic period, but not further. Taken as a whole this small 
group has a closer relationship with secondary faunas than with 
those living in modem seas. The nearest living analogues exist 
in the deeper parts of the North Atlantic. The species have not 
been met with in the Bracklesham sands ; indeeu, it is doubtful 
if they ascend higher. 

Of the annelids there is little to be said. Serpula, according to 
the determinations of palaaontologists, is ubiquitous, and, like 
Vermicularia, is attached to shells or rocks. Ditrupa usually 
lives free in mud, and the recent living specimens have been 
found in water from 70 to 140 fathoms deep in various parts 
of the North Atlantic. The Crustacea form a remarkable assem- 
blage, most of the species being peculiar to the London clay. 
Many of the genera of Entomostraca also occur in the lias, but no 
species is common to the two formations. This is noticeable 
since the liassic species are associated in the same deposit as the 
Foraminiferaf of which, as we have said, several species are 
common to the lias and the London clay. 

The lamellibranchiate molluscs mamtain a nearly unifomi 
development, specifically. The oyster family occurs in all the 
zones, but there is very little community of species, Anomia 
lineata being the only form which is recorded in more than one. 
In the basement bed Ostrea only is represented ; in zone 4 it ac- 
quires a greater development, Ostrea being more numerous in 
species and in individuals, and is associated with Anomia, In 
zone 3 Ostrea faUs off, while a third genus, Pecten, is repre- 
sented. In zone 2 Ostrea is absent, or rare, and Pecten is more 
abundant individually ; and in zone 1 Ostrea alone occurs. All 
these genera extend far back into secondary times, and exist in 
great profusion in our present seas, being widely distributed in 
space and depth. The Ainculidce, or wing-shells, are represented 
bv Pinna and Avicula, which occur generally at all horizons ; 
although thev appear to be absent from the basement bed. 
The species also range from the lowest to the highest zone. The 
Mytilidasy or mussels, are represented sparingly by Lithodomus 
in the basement bed, and more abundantly oy Modiola at all 
levels, the greatest development of which is in zone 2. The 
Arcaaoe are numerous. Nucula occurs in the basement bed, and 
is represented by four species in zone 3, of which two re-occur 
in zone 1, and a third in zone 2, where it is associated with 



a species not recorded from the other zones. Pectunculus occurt 
at all levels, except zone 3. The two species in the basement 
bed do not ascend higher ; but P. decussatus, which is found 
in zone 4, is met wim as high as zone 1. The Trigoniadce, 
UnionidcB, Chamidae, Hippuritido!, and Tridacnido!, are not 
represented. Cardium represents the Gardiadce : there are three 
species in the basement bed, of which two ascend upwards. C. 
^umsteadiense becomes most common in zone 3, and C. nitens 
in zone 1. The Lucinidce do not occur in the basement bed 
nor in zone 4, but two species of the small sub-genus Cryptodon 
are found in zone 3, of which one species ascends into the 
higher zones. The Ci/cladidce, which frequent rivers and 
brackish waters, are represented by Cyrena cuneifomxis in the 
basement bed. The Cyprinidce are most abundant in zones 4 
and 3 ; in the latter there are three species belonging to the 
genera Astarte, Cyprina, and Isocardia. The Veneridce are repre- 
sented by the single genus Cytherea, of which three species occur 
in the basement bed, two in zone 4, and one in zone 2 ; being 
absent from the other zones. C, ohliqua is found in all the 
zones which yield the genus. There seem to be no species of 
Mactrid(Bj although it hardly seems probable that they did not 
occur in the British seas of the London clay period. Tellina is 
present in the basement bed, Sanguinolaria in zone 2, and 
Syndosmya in zones 3, 2, and 1 ; so that the family TclUnidce 
is mainly represented by the last-mentioned genus, the living 
species of which are mostly boreal The bolenidce also are 
sparingly developed. The Myacidce are more abundant. Gly- 
cimeris probably occurs in the basement bed ; Corhula is asso- 
ciated with it, and is represented by C. globosa in zone 2, a species 
which becomes more abundant in zone 3. Panopcea occurs in 
zone 4, and again in zone 2. Neara injlata is met with in 
the three uppermost zones, but is most abundant in the highest 
Glycimeris is one of the few genera which have not a long pedi- 
gree, and widespread distribution ; and hence it is a safer guide 
to the climate and oceanic conditions of the period than those 
genera which thrive under many varied circumstances. As a 
fossil the genus has not been foimd out of Europe, while the 
living species are restricted to the colder parts of the North 
Atlantic. The AnatinidtB are represented by Pholadomya, 
Thracia, and Anatina, The first-mentioned genus embraces 
four London clay species, all of which occur in zone 3, and one of 
them ascends into zone 2. It was particularly abundant in 
secondary strata, but only one species exists, and that one is 
confined to the coasts of tropical Africa, No species of Gastro- 
chanida are mentioned in the lists. The Pholadid^ are repre- 
sented by a Teredo in zones 4, 3, and 2 ; by a Teredina in zones 
4 and 2 ; and by a Pholas in zone 4. The lamellibranchiates a^ree 
with most of the classes already mentioned in that the prevalent 
genera are such as have lived on from oolitic times, and also in 
having a strong affinity with the fauna now living in latitudes 
north of Great Britain. They differ in belonging to genera 
which still flourish in modem seas. To us it seems that altiiougli 
these genera are now scattered nearly all over the world, the rela- 
tionship of the London clay species is nearer with those which 
occur to the north, than with those which occur to the south of 
the latitude of London. Sir Charles Lyell considers that the 
marine fauna indicates a warmer climate than the present, 
mainly because some of the genera, such as Voluta, Nautilus, 
and a few more are now to be found only in more southern and 
warmer seas. The great mass of the evidence would imply a 
moderate rather than a tropical climate, if the present distribu- 
tion of the genera of the London clay period be regarded as the 
criterion. We imagine, however, that it is not safe to infer the 
nature of the climate solely from the distribution of marine 
faunas. The migration of genera, the extension and contraction 
of their areas of distribution, and their relative numerical deve- 
lopment, seem rather to be regulated by the facilities afforded 
for moving from place to place, such as the distribution of sea, 
and many other conditions, of which climate is not the most 
important. It is, however, remarkable that the terrestrial fauna 
and flora are most decidedly indicative of a warm climate ; but 
we cannot go into details, but will quote a passage from Mr. 
Prestwich which explains how it happened that the terrestrial 
organisms of the London clay period, luxuriating in an almost 
tropical climate, have been buried in the same sediments as 
have entombed a marine fauna which seems to have been fitted 
for a cold area. " I have before shown the probability of the 
existence of dry land to the south and on open sea to the north 
during the Thanet sands period, and of more insular conditions 
during the Woolwich and Reading series period ; and now with 
respect to the London clay the evidence tends in the same 
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direction. With one exception, which proved unimportant, 
I have never found any transported rock fragment in the 
London clay that would enable me to infer the direction of the 
land and its main rivers during that period. If, however, we 
take the evidence afforded by the organic remains, we shall 
obtain some peculiar results. If, for example, we look to the 
molluscs and plants, we at once perceive a want of accordance 
between them ; we find in the former an absence of that ^up 
of markedly tropical forms which seem to have flourished in the 
later sea of the Bracklesham period. The prevailing genera are, 
on the contrary, such as could live in colder regions. Taken 
altogether, it indicates a moderate rather than a tro{)ical 
climate, and yet the fauna is, as far as we can judge, certainly 
tropical in its affinities. It is interesting to observe at this early 
tertiary period the same evidence of those climatal conditions 
dependent upon latitude which become more strongly marked as 
we approach our own period ; for those difierences in the fauna 
and flora arise, I believe, from the circumstance that the London 
day was deposited in a sea open to the north, and therefore 
with an in-set of cold currents determining the existence of a 
group of molluscs, such as we mi^ht expect to find inhabiting 
waters of moderate temperature ; whilst, judging from the quan- 
tity and extent of the detritus, there probably existed to the 
south an extensive continental area, tnrough which flowed a 
large river which brought down the sediment forming the 
London clay, and all the marvellous remains of plants and of 
land and fresh water remains entombed in it — remains which 
seem to be a vegetation of hot or even tropical climates, and to 
a land fauna in keeping with such a temperature. If this were 
the case we should have durii^g the London clay period a con- 
tinental area stretching southward of England and the north of 
France, and a sea spreading to the northward of this land ; 
while the subsequent accumulation of the Bracklesham sands 
took place after the submergence of that land and the immigra- 
tion of a marine faxma from more southern seas, into which 
some few only of the forms of the older sea were continued — 
geographical conditions which I hope, in a subsequent paper, to 
show to be in perfect accordance with the limited range south- 
ward of the London clay and the correlation of the Bracklesham 
sands with the widespread deposits of the CcUcaire grassier, and 
other associated beds of the Paris tertiaries .... In some 
respects the London tertiaries, taken as a whole, are, however, 
even less tertiary (meaning by th^t that they present, in many | 



of the generic forms, a closer approach to those now existing in 
our clunate) than the Bracklesham sands ; for, with a greater 
per centage of older forms, they nevertheless contain a large, and 
probably a larger, proportion of forms such as now flourish on the 
land and in the sea in these latitudes. The greater number of the 
conunon fishes frequenting our seas have their types at this early 
tertiary period — the Reading plants are such as our existing woods 




m contemplating the extent to which certain more northern 
influences operated in giving a large portion of the fauna of the 
London tertiaries an aspect much more closely resembling that of 
the present day than is found to exist in many more recent deposits, 
the question suggests itself — of how far that law, enumerated by 
Professor E. Forbes, and according to which the distribution of 
molluscs in depths of southern seas is equivalent to their ap- 
pearance at lesser depths, or at the surface or parallels of latitude 
of more northern seas, may by analogy be applied geologically 
in accounting for any abnormal condition in the vertical succes- 
sion of organic remains such as here occurs 7 Can it be that 
such a group of generic forms, allied to and closely resembling 
those found in the same zoological province at the present day, 
had a yet older existence in more northern provmces; — that 
generic forms of temperate regions have travelled from the 
north, and have been gradually spread further south, giving, 
when they encroached upon the more southern forms, a more 
recent aspect to the faunas of such various geological periods 
than prevailed in those of the same localities when changes in 
the distribution of land and water brought back for a time the 
southern forms which had been temporarily displaced ? — a view 
almost imavoidablv suggested by the fauna of the London ter- 
tiaries as compared with that of the Bracklesham and associated 
beds, and confirmed by the independent physical evidence 
which we have of seas open to the north during the former and 
to the south during the latter period." 

(Prestwich, Q. f, Geol Soc, x. p. 403—419 ; 436 — 454 ; xi. p. 
206—246 ; Prestwich, The Ground beneath us, 1857 ; Whitaker, 
Memoir of the Gtol. Survey of Great Britain on Sheet 7 of the Map 
of the GeoL Survey, 1864 ; Sir C. Lyell, Elements of Geology, 
18660 
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MACROCHEILUS [E. C. vol. iii. col. 573]. A cenus estab- 
li^ed by Phillips in 1841, which is usually placed in the 
family Pyramidellidce, belonging to the proso-brancniate order of 
the class Gasteropoda. This arrangement can be r^arded onlj as 
provisional, for in few classes is there so mucn uncertamty 
respecting the true characters and correct definitions as amongst 
those of univalved mollusca. In Woodward's * Manual of the 
MoUusca,' the genus is placed at the end of the family, and after 
Loaconevia, as though its precise affinities to the genera which are 
represent^ by living species had not been satisfactorily deter- 
mmed by the author. In Chenu's * Manuel de Conchyfiologie,' 
which mainly follows the arrangement of Messrs. Adams, it is 
placed after Chemnitzia, and before Odostomia; but there does 
not seem any special reason why it should occupv this position. 
The true position of the genus in a natural classmcation is quite 
unsettled, and it may even be doubted if Macrocheilus should be 
associated with the slender, tapering, many-whorled shells of 
Eulima, Chemnitzia, and PyramideUa, &c. Granting that it 
belongs to the Pyramidellidai, its species will then be amongst 
tiie oldest known representatives of that family, of which this 

§enus, together with Loxonema and Chemnitzia, occur as low 
own as the Lower Silurian strata. Loxonema is restricted to the 
palaeozoic series ; and perhaps Macrocheilus is, for all the fossil 
species occur in those strata only. Some years since, however, 
Mr. A. Adams dredged from a depth of 63 fathoms in the Korea 
Straits of the Sea of Japan a species which he named Macrocheilus 
japonicus, Chemnitzia is also known as far back as the lower 
Silurian period, and, like Macrocheilus, is still represented in the 
Japanese seas ; but its present distribution is wider, as it ranges 
nearly all over the world, and its past distribution has been more 
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continuously traced, since some species are found in every group 
of rocks. 

We have littie faith in the specific determinations; but-^ 
least twenty species have been described. Murchison in his 
'Siluria' mentions one Caraddc species, M. elongcUus, which 
again occurs in the Ludlow rocks ; and he notices a second species, 
M. fusiformis, from the upper Llandovery K^o^* During the 
Devonian period the genus still resided on the British area, and 
even M, eiongatus haa neither died out nor migrated elsewhere. 
So far as the fossil remains indicate it haii become more 
abundant; for there are not fewer than six species in the Tor- 
quay beds of South Devon. Of these only three species are 
known elsewhere ; one, M. brevis, is the only species discovered 
in the middle Devonian of North Devon ; a second, M, harpula, 
is found in the middle Devonian of Belgium; and a tnird, 
M. imbricatus, although not recorded from an^r other part of the 
Devonian series, either in England or abroad, is met with in the 
lower carboniferous of west Scotland. It is in the last-mentioned 
group of strata that the genus seems to have acquired considerable 
development, upwards of ten species occurring in them in various 
parts of the British Isles, but most of them m the carboniferous 
mnestone of the more central parts of Endand. In Dupont's 
account of the lower carboniferous strata of Belgium he mentions 
but two species, one of which, M. acutus, also occurs in England 
and Scotland. Koninck describes two species from rocks of this 
age in the Punjaub Salt Range, both of them unknown, as yet, 
anywhere else. The species, so far as the evidcoice goes, did not 
extend over very wide areas, and appear to indicate different 
zoological provinces. The genus becomes less abundant in the 
coal measures of Europe, a few specimens only having been 
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found ; but numerous species have been obtained from the coal 
measures or upper carboniferous series of Missouri, Kansas, 
Iowa, and a few others of the United States, some of which 
closelv resemble European species of the lower carboniferous 
period. Thus, M, kansasensis is very similar to M. acutus; 
M, ponderosus of Kansas territorv, and M, iexanus of Texas, 
remind one of M, imhricatus. The American species seem to 
have had restricted ranges, for those of Missouri and Texas are 
mostly different from, though in many cases nearly allied to, the 
lowan species. The coal measures of the last-mentioned state 
have yielded four species, and a fifth has been described from the 
neighbouring state of IHinois. One of these is described by Hall 
as a new species under the name of M, fudformis. This is dis- 
tinct from the Silurian species, which had previously received the 
same name, but curiously enough there is rather a close similarity 
between the two. The genus is poorly represented in the Per- 
mian strata. After this nothing more is known of the genus 
prior to the recent M. jajponicus. If this last really belong to the 
same genus as the pdaeozoic species, it may be expected that 
Macrocheilus will be found in the seconda^ and tertiary rocks. 

MAN [E. C. vol. iii. cols. 656—677]. The knowledge of man 
has of late years been pursued by such a vast accession of 
students that the science will probablv attain in a few genera- 
tions to dimensions such as are hardly conceivable now. At 
present, however, statements are rapidly accumulating, and the 
foremost immediate requisite is the sifting of truth from error 
and prejudice, the accurate definition of terms, and the establish- 
ment of principles. The stability of the science mainly depends 
upon the progress made in these various points. In the E. C. 
no special name is given to this science, but antliropology is 
applied to that branch of it which concerns the zoological rela- 
tions of man and the lower animals ; and ethnology to that 
which deals with the relations of groups or races of men amongst 
themselves. Amongst the early students of man anthropology 
was considered to mean the whole science, and not a portion of 
it, although their views as to its scope were not very extensive. 
Most authors now use the word in its original widely extended 
Broca defines anthropology as that science wmch has for 
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its object the study of the human group considered in its 
ensemhUf in its details, and in its relations to the rest of nature ; 
and thus outlines the scope of the science in an article on 
"Anthropology," in the ' Nouveau Dictionnaire Encyclop^dique 
des Sciences Medicales,' the English version being that given in 
the * Anthropological Review/ vol. v. p. 195 : — " To say that 
anthropology is tne natural history of mankind might in most 
minds give rise to the idea that it is a purely descriptive science ; 
that it confines itself to distinguishing and classifying the various 
races according to the physical type ; but this interpretation 
must be carefully goiarded against, and the more so^ since there 
has been a time when anthropology, still in its infancy, was 
confincMl within such narrow limits. The definition we have 
thought proper to adopt is more significative, and it has, more- 
over, the advantage of indicating with sufficient precision the 
three great series of facts, the reunion of which constitutes an- 
thropology. We may, in fact, bring all the studies relating to 
the numan group under three heads. (1) It is necessary to 
determine the position of this group in the series of creatures — ^a 
question apparently very simple, since the supremacy of man 
over all animals is incontestable. It is, nevertheless, very diffi- 
cult to be an impartial judge in our own case, and the study of 
this question proves it. rride, one of the most chsuractenstic 
features of our nature, dominates in many minds over the calm 
testimony of reason. Like the Roman emperors who, intoxi- 
cated by power, finished by looking upon themselves as demi- 
gods, so tne king of our planet imagines that the ^e animala 
subject to his caprice has nothing in common with his own 
nature. The vicinity of the ape inconveniences and humiliates 
hini ; he is not satisfied with being the king of animals, but 
desires to establish that an unfathomable chasm separates him 
from his subiecta, and, turning his back upon the earth, he takes 
refuge with his threatened majesty in the nebulous sphere of the 
human kingdort^ But anatomy, not unlike the slave who fol- 
lowed the car of the victor, exclaiming, ' Memento te hominem 
esse,' — anatomy disturbs him in thissdf-admiration and reminds 
him of the visible and tangible reality which allies him to 
animality. The doctrine of the human kingdom is thus idaced 
side by side with another not less radical doctrine which pre- 
tends to derive man from the ape ; and between these two 
extreme opinions others arise, whicn, according to a more or less 
rigorous interpretation of anatomical characters, present the 
human group as constituting now a species, now a genus or a 



class, or a branching off of the zoological series. A critical 
examination of the contradictory arguments adduced in favour 
of these different appreciations leads to studying, on one hand, 
the characters common to man and the animals nearest to him, 
and on the other, to finding out such characters as are peculiar 
to man. It becomes, moreover, necessary to see to what extent 
these analo^es and differences agree with the laws presiding 
over the serial distribution of the groups called genera, species, 
families, &c., to investigate whether the gradation which ootains 
in a lower scale is preserved in a superior scale ; to mark the 
distance existing between the highest term of the simian and 
lowest term of tne human series, and to examine the arguments 
of those who do not consider that distance impassable. That 
portion of anthropology which comprises the study of these 
zoological questions is entitled to the name of Zoological Anthro- 
pology ^ and may be defined as iht study of the human group 
conMered in its relations to the rest of organised nature, (2) The 
human group once characterized, circumscribed, and classed as a 
croup in its ensemble, must then be considered by itself ; it must 
be divided and suboivided, and each of these separate groups 
must be studied separately. This constitutes Descriptive Anthro- 
pology, Numerous physiological differences coincide with the 
physical differences. The muscular force, general sensibility, 
the degree of the perfection of the senses, especially of sight, 
hearing, and smelling, the mode of articulating certain sounds, 
the odour of the perspiration, the power of resisting heat or cold, 
the pathological aptitudes and immunities, the period of puberty, 
the duration of female fecimdity, &c., all present in various 
peoples more or less extensive variation. Knally, that which 
vanes most is the degree of activity of the intellectual functions, 
the predominance of such or such a group of faculties, the 
development of the social condition and perfectibility, that is to 
say, the aptitude to originate or to receive progress. Thus, 
whether we consider humanity as regards the external confor- 
mation, or the anatomical, physiological, intellectual, moral, and 
social characters, we find considerable differences among the 
CToups composing it. But although the modifications of the 
oifferent oraers w characters do not always present themselves 
abreast, there are some which present a sort of solidarity. Thus 
the obliquity and the projection of the face, constituting what is 
called proanathism, more or less black tint of the colour of the 
skin, woolly hair, and intellectual and social inferiority are 
frequently associated ; whilst a whitish skin, smooth hair, an 
ortnognathous face are usually the appanage of the more elevated 
peoples of the human series. Consequently, although the serial 
distribution obtains here as in other zoological groups with its 
infinite gradations and degradations, its unions and anastomoses, 
it is possible and even easy to distinguish between the innu- 
merable variations of the human type a certain number of 
secondary types, around which eiR these varieties group them- 
selves with more or less precision. As regards these varieties, 
they have received the name of races^ which engenders the idea 
of more or less iiliation between individuals of me same variety, 
but which neither affirms nor denies the question of parenta^ 
between individuals of different varieties. The name species 
implies the solution of the question as regards the diversity of 
origin ; the term varieties^ taken in the special sense attached to 
it m natural history, would, on the contrary, imply that the 
whole human group forms but one species. From this results 
the inconvenience of speaking two different languages, according 
as one is monogamist or polygamist, and the non-acceptability 
of these terms to those wno look upon the problem of origin as 
doubtfuL The word races, on the contrary, may be adopted by 
all, and it is for this reason that it is now prevalent. (3) The 
third branch of anthropology, last in the logical order of regular 
scientific evolution, but the first in importance, is General An- 
thropology , which has for its object the study of the human group 
in its ensemble. Here it is especially important to establish a 
line of demarcation between anthropology and other sciences 
which treat of man. All, without exception, furnish to general 
anthropology numerous facts, without which it could not exist. 
They make Known to us the individual man, and it is clear that 
a collection of individuals cannot be studied in its ensemble if 
we did not commence with the study of the individual type, 
which forms the unit of the number. But anthropology only 
borrows from the other sciences that which concerns man, con- 
sidered as forming part of a group. Some examples are neces- 
sary clearly to explain this distinction. The study of the 
cerebral functions forms part of physiology. Tliose, for instance, 
who search for a certain relation between the volume of the 
brain and intellectual power study a question which thus put is 
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purely physiological. But if, instead of confining the comparison 
to individuals resembling each other by their physical characters, 
and differing in intelligence, we compare a series of individuals 
of a certain race with a series of inoividuals belonging to dif- 
ferent races, we quit the territory of pure physiology and enter 
the domain of general anthropology, just as in treating of a sub- 
ject of zoological anthropology we study the same question with 
the object of establishing a parallel between man and the rest of 
animals. The description of the skeleton, the muscles, nerves, 
viscera, skin, &c, belong to anatomy only ; that of individual 
varieties equally so. But whenever an organ, either in form, 
structure, or volume, presents differences in various races, the 
history of these variations belongs to the comparative anatomy 
of races, which is frequently put under contribution by ethno- 
logy, but which, studied in its ensemble, belongs to general 
anthropology. The study of cancer, tubercular affections, dysen- 
tery, yellow fever, &c., form parts of pathology ; but when the 
pathologist states that either of these diseases presents, according 
to race, differences in frequency, gravity, and progress, and these 
differences cannot be explained from external conditions, but 
must be referred to the organisation of the respective races, he 
contributes to the progress of the comparative pathology of races 
which forms part of general anthropology. Hygiene, which has 
for its object the preservation of he^uth, is not a branch of 
anthropology. Even public hygiene, although it embraces ques- 
tions relating to the nealth or a whole people, or of a great 
number of peoples, is perfectly distinct from anthropology. But 
the hycienist, by studying the conditions favourable or noxious 
to the nealth of individuids or masses, is obliged to inquire, how 
far the influence of media is capable of modifying the organisa- 
tion ; how far these modifications of the individual by external 
conditions may be capable of transmission from generation to 
generation, and these two questions form an integral part of the 
problem of races, one of the most important of general anthro- 
pology. The psychologist, who studies in himself or in other 
individuals, the faculties of the mind, the feelings, or passions, is 
not an anthropologist ; but who, extending the field of psycho- 
logy, observes the differences existing between peoples and races 
in reference to intellectual power, perfectibility, sociability, 
artistic, scientific, literarjr, industrial, religious, and political 
aptitudes, he participates m the work of anthropologists ; and it 
is thus the comparative psychology of races becomes one of the 
most interesting branches of general anthropology. It is unne- 
cessary to multiplv examples to show how general anthropology 
puts under conmbution all sciences which have man for their 
object, without being confounded with these sciences. Anthro- 
pology even borrows from sciences altogether foreign to the study 
of the individual man, but which still furnish facts concerning 
men as members of a zoological group. Climatology indicates 
the condition of the various media in w^hich man can exist ; 
zoological and botanical geography make known to us the exist- 
ence and the distribution of distmct fauna and floras, of mul- 
tiple centres from which the actual centres spring, contrary to a 
general prejudice which derives, if not all plants, at least all 
animals from one focus ; and it is at once perceived how impor- 
tant the knowledge of this fact is for him who inquires whether 
the human genus had only one or several cradles. Qeology in 
its turn describes the gradual changes which have so many times 
modified the condition of life on the globe, and makes us appre- 
ciate the immense time which must h&ve elapsed between tneir 
different epochs, and the great antiquity of the Quaternary strata 
which contains the remains of man or of his nandiwork ; and 
palaeontology, finaUy, pladng man by the side of species he has 
survived, reveals to us the conditions of the existence of man in 
those primitive times, the record of which is lost.'' 

The true scope of the science of man has been so misunder* 
stood by many authors, that we have thought it better to give 
the views of one of the most successful students of that science 
rather than any remarks of our own. So vast is the field that 
the writer cannot attempt, at present, to traverse the whole of it, 
although a strictly supplementary article would require the 
adoption of such a course ; and consequently we must content 
ourselves with a few observations on one or two of the principal 
anthropological problems, namely, are men derived from a sin^e 
or many original pairs or protoplasms ? and at what period did 
man first appear 1 

The first question is of a multiple chaiacter, and suggests 
several trains of inquiry. It may oe supposed that originally 
there was a single individual ; or that there was a single pair, 
sexually different, but, with this exception, physically iaentical ; 
or that there was a single pair, both sexually and physically, dif- 



ferent ; or that there were several individuals, or several pairs, 
which were either similar or dissimilar. There' is no direct 
evidence on any of these points, so that we are reduced to the 
consideration oi circumstantialities. Man is like the domestic 
animal in that he is withdrawn more or less from the direct 
influence of natural media, and like them he is remarkably sus- 
ceptible of variation. Generallv speaking the individuals of an 
animal species have a considerable uniformity of character, which 
circumstance seems to be due to the conditions favourable for the 
existence of all being uniform. The varieties of man, whether 
we consider him to be a species, or a genus, or even an order, 
are more numerous than in other zoological groups having cor- 
responding values ; and the range of variation, by which we 
mean the area of characters over which variation may occur, is 
greater than in all the rest of the animal kingdom. Thus man 
may present differences as respects the osseous, nervous, muscular, 
and other organic s^'stems, in the same way as other animals ; like 
them he may present dissimilarities in his outward features, such 
as colour of skin, eyes, hair, &c. ; the nature, distribution, and 
relative abundance of hair ; general size and relative proportions 
of parts, and many other matters. In addition to aU these, his 
differences have relation to the kind, intensity and relative pro- 
portions of psychical qualities which are absent or rudimentary 
m animals ; to modifications in the development of languages, of 
sciences, and of arts, points which he alone amongst anunsds has 
possession of. The facility with which variation occur differs 
for each sroup of qualities, being greatest in those wliich are 
special to nim, and least in those which he shares with the lower 
animals. So far we conform to what seems to be a law of nature, 
that those qualities which are spread over the smallest indivi- 
dual, varietal or specific areas are more easily affected than 
those which are common to a laiger biological group ; and, to 
express the same thing from an hypothetical point of view, that, 
generally, characters are alterable to a degree inversely cor- 
responding with that of their acquirement. Tliese statements 
may be regarded as mere assertions by some, since we liave not 
adduced a particle of evidence in support of them : they are 
founded upon general impressions derived from what are be- 
lieved to be facts. In physics a phenomenon is the result of a 
definite concatenation and co-ordmation of forces of a particular 
kind ; so long as that particular arrangement is maintained, so 
long will the phenomenon persist ; if any alteration occurs in 
the forces specially relating to the phenomenon considered by 
themselves, then a corresponding change will occur in the phe- 
nomenon. But it may liappen t£at great changes may take place 
in the surrounding^ conditions and yet no change take place in the 
phenomenon, provided those changes do not affect the special forces 
alluded to. A dew-drop on a bl^e of grass owes its rotimdity 
and persistence to a multitude of forces acting in definite direc- 
tions, such as the adhe^on of the water to the leaf, the cohesion 
of the fluid particles amongst themselves, the action of gravita- 
tion upon the drop, the presence of a certain amount of mois- 
ture in the atmosphere, tne prevalence of a given temperature, 
and many other circumstances. Great changes may occur in its 
vicinity without leading to its destruction or dissipation, such as 
a great battle amongst men, a flood in a contiguous valley, &c ; 
but if any alteration is superinduced in the group of forces 
which tend to make the drop what it is, it disappears. Such 
changes may be very slight, and yet be effective, provided they 
are applied in the proper direction. Thus it may be that a 
break may occur in the clouds allowing the sunshine to play 
upon the drop for a few minutes, and it gradually disap>pears by 
evaporation ; or an insect may shake tne grass sufficiently to 
dislodge the drop. So we believe it is with man. He is the 
outcome of a special and definite arrangement of force and 
niatter ; and any modification or change wTiich occurs either in 
those forces or in the associated matter is attended by a change 
in the man, and the change is proportioned to the effective appu- 
cation of the force. In tne case oi a dew-drop we can follow out 
the relation and sequence of events and give an explanation 
stating to what laws these events are due ; out in man the con- 
ditions are bo complicated that there is the greatest difficulty in 
tracing the origin of the changes which we do see, and of those 
which we may infer have taken place. Man does vary, a state- 
ment in which all agree ; the matters of difference relate to the 
causes or conditions of those variations, and the extent to which 
they may accumulate. Some say they are so great that man 
cannot be referred to one origin, out the number of original pro- 
toplasms, that is, mcBD, or oi^nisms, from which he nas been 
derived nas been variously estimated at from two to hundreds. 
The advocates for the plurality of mankind bring forward the 
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colour of the skin as one of the indicationfl of the fioulidness of 
their doctrine. How can it be maintained that the jet black 
negro, olive-coloured Abyssinian, the red American Indian, and 
the light-coloured European, have descended from the same 
stock? The tints, they say, have been retained for generation 
after generation without appreciable alteration, and in some 
instances are known to have remained unaltered for as far back as 
history can carry us. Moreover, it is pointed out, that if the negro 
is transfeired to America he remains black, and shows no tendency 
to become coppery red, and so with the other examples cited. 
It is further noticed that the distribution of colour has no appa- 
rent connection with the distribution of land or of climate. On 
the other hand, objections may be made to the truth of all these 
positions, either on the ground that the facts are selected, or 
the premises have not been established, or tliat the phenomena 
are otherwise explainable. The colour of the skin is one of the 
most variable characters in man ; in every nation there are dif- 
ference*, and conformity never occurs throughout the population 
of a large town, or a lai^e country ; and changes occur in the 
same individual according to his habits. A student who has 
long been resident indoors acquires a lightness of tint, indepen- 
dent of the pallor of ill health ; but if he indulges in a few 
weeks of constant out-of-doors exercise he becomes perceptibly 
browned. The darkening of the complexion does not appear to 
depend solely upon the neat of the sun's rays, as its depth has 
no direct relation to the degree of temperature. There are 
other causes in operation. In conformity with this it is notice- 
able that the wealthier classes in most civilized countries are as 
a rule fairer than the classes which constantly work in the open 
Hence it will be gathered that the depth of tint may vary 
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in the same climate, provided the individuals living imder that 
climate are exposed to it in diflferent degrees. We have used the 
word climate lor convenience, and maimy because it has not been 
ascertained what action the elements of climate have upon the 
skin. And if eatfo element be taken in succession, no harmony 
is to be found in its distribution and that of the colours of 
people. Thus as regards temperature no black men occur in the 
American tropics, although parts of it are as hot as places where 
black men dwell. The New Zealanders and Sandwich Islanders 
are remarkably dark as compared with Polynesians generally, 
although they reside in the mildest climates. The natives of 
equatorial America are lighter than the Indians of more northern 
regions. The Lapps and Finns are darker than the Malays. 
Instances of this kind might be enumerated almost by hundreds. 
The facts prove that the present distribution of climate does not 
tally with the distribution of colour ; nevertheless, they do not 
prove that climate has so little effect as not to be an important 
element in the production of colour. People have not always 
dwelt where we now find them ; migrations have constantly been 
going on, and tribes and nations have been constantly intermix- 
ing. Hence, supposing that climate did regulate colour, we 
should expect to find apparent anomalies of this kind. What 
one requires to know is tne history of the migrations of each 
people, and the duration of their stay at each place. Where 
the same people live in a country partly mountainous and partly 
low ground, it usually happens that the darker complexions are 
found in the hotter and lower districts. On the Zambesi, for 
instance, the natives are very dark on the lower portion, while 
the inhabitants of the more mountainous interior are the colour 
of milky coffee. If a tribe of black people were to occur in an 
alpine region we might safely infer that they had recently migrated 
there. On the same erounds it is probably true that where a race 
has a colour markemy different from that which prevails in a 
^ven latitude, it has been recently established in that latitude. If 
it is unusually dark, it has probably come from a warmer region, 
as in the case of the New Zealanders, who, judging from their tra- 
ditions, have not been many centuries in New Zealand, and who 
came from some more northern island. It is very probable that 
Waltz's view is correct, namely, " that the colour of the skin, 
though not always in proportion to the latitude and mean tem- 
perature, is essentially innuenced by climate ; tJbiat the extent 
and mode of this influence is chiefly regulated by habits and 
mode of life ; that next to these, descent has the greatest influence ; 
and that food also has its share in the production of colour, though 
in a subordinate degree. It is further shown that hot and damp 
countries, unprotected by forests, and a mode of life which expose 
the organism to climatic influences, strongly favour the darkening 
of the skin. Frequent and great alterations of temperature, 
especially sudden cnanges from wet to dry^ brown the skin in 
every climate and in every race, if the body is much exposed and 
unprotected." In dealing with this question it is hignly desir- 



able that all these elements should be estimated as regards their 
quality, their intensity, and their duration ; in the same 
way as the kind, amount, and direction of forces are studied 
which combine to form a dew-drop. It is manifest that 
men do differ, and every race of men may vary ; but are the 
differences such that no observed, range of variation could cause 
the evolution of a negro on the one hand and a white European 
on the other from a single pair of intermediate tint ? The Jews 
who are generally so particular in marrying amongst themselves, 
who are a people the characters of which are well known, whose 
history is traceable, and who have settled amidst a greater num- 
ber of other tribes than probably any other nation ; the Jews, 
we repeat, are remarkably heterogeneous in their colour. 
Amongst Europeans they are brown or fair in complexion ; but 
amongst the Hindoos they are as black as the natives around 
them. In this case the transformation has required centuries to 
be effected. The Europeo-Araerican has been a few centuries 
in America, but has diverged from the European types, and 
approached somewhat to that of the natives. Here the change 
has been apparently slow, owing to constant accession of fresh 
blood from the mother country. As with the colour of the skin 
so it is with the characters ; and so far as we can judge there is 
nothing to prove positively the plurality of manMnd, and there 
is nothing which decidedly disproves that man has not ori^- 
nated from a single pair. Nay, more, we consider it to be quite 
consistent with trutn that man has originated from one stock ; 
but on this last supposition the date when that first stock lived 
must be removed to a very remote period ; and this mainly 
because changes in faunas and in man are very slow in their 
operation ; and because the earliest men we are cognisant of 
presented considerable differences amongst themselves. The slow 
development of civilisation and of languages within historical 
times renders it almost certain that their development was 
equally slow in prehistoric times. But languages and civiliza- 
tion are known to have sprung up and vanished prior to natural 
recowis. Considerations of this kmd impress one with the belief 
that man is of great antiquity. Geological evidence confirms this 
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The existence of man, more especially in Western Europe, has 
been traced far beyond the reach of history or tradition ; and it 
is difficult to decide where to draw the limits between the 
palsBontological and historical aspects of the subject. We find 
the implements which he made in stone and bone indicative of 
an industrious hunting and fishing population, associated with 
^Tiimalfl which have long ceased to exist In carefully consider- 
ing the circumstances under which they occur, there may be 
detected a gradual progress of improvement, in the case of the 
former dwellera in Western Europe, from the makers of old flint 
implements of a few types of form, and unpolished, to those who 
fabricated instruments for a greater vanity of purposes, and 
expended more labour and design in polishing ana ornamenting 
them. From these we pass by gradual stages to the nations who 
employed metal, and started the beginnings of many of those 
arts and sciences which have now grown into their present vast 
proportions. It is the proper domain of the historians of those 
arts and sciences to trace tne development of each, so that in the 
present place we shall only allude to them as signs of the 
sequence of peoples and oi the rate of movement of human 
events. 

The geolo^st has shown that Western Europe has been exposed 
to a cold penod, during which all the high lands were covered 
with ice and snow ; that the climate gradually lost its rigour and 
became like what it now is ; and that while these events were 
happening the land underwent a series of oscillations, whereby it 
was at one time partially submerged beneath the ocean, and at 
another raised out of it. These oscillations apparently recurred 
in a definite order, and may have been more or less contempo- 
raneous over large areas. Whatever conclusions may be arrived 
at respecting the contemporaneity or non-contemporaneity of any 

S'ven depression or elevation in two distinct localities of Europe, 
le depressions and elevations of any one locality may be safely 
employed as chronometers, or rather chronoscopes. In Great 
Bntain, for example, the land was high during the first part of 
the glacial epoch ; it then sank in most places to the extent of 
hunoreds of feet; a second rise took place, a second depression 
followed, and this was in its turn succeeded by a third elevation. 
It was during the second elevation and the subsequent depression 
that were formed most of the valley gravels in which the flint 
implements have been foimd so abundantly. So far as we are 
aware, no evidence has been recorded that man existed prior to 
the second elevation, although it is possible that some of the 
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articles beaiiiig man's* handiwork, which have been found in 
caves, may be of anterior date. If we are to believe the state- 
ments and inferences drawn from the researches of the Messrs. 
Bourgeois, Delaunay^ and Issel, and of the Marquis de Vibraye, 
traces of man's existence have been found in the upper pliocene 
of St. Prest, the pliocene at Colle del Vento, the upper miocene 
at Pouance, and tne middle miocene at Selles sur Cher. 

The age of the earliest traces of man in Europe is intimately 
connected with the age of the oldest valley gravels ; and the age 
of these may be estimated in various ways, according to the rate 
at which sediments accumulate, the land rises and falls, the 
faunas and floras are modified, and the arts are developed. But 
in none of these cases is our knowledge sufficiently copious and 
precise to warrant anything more than almost random guesses. 
For example, let us select the gravels of the Somme valley, 
which have been examined by almost all the eminent geologists, 
and which are generally referred to as proofs of the great 
antiquity of man. This valley is excavated in chalk, and is 
bounded by escarpments varying from 200 to 300 feet in height. 
Beyond the escarpments is an extensive, slightly undulating 
plateau, covered by a wide-spread layer of loam devoid of 
organic remains. Here and there are patches of gravels and sands, 
the relics of a tertiary formation, which once overlaid the plateau, 
and whose denudation has been the source of most of the 
deposits in the valleys and deltas. The valley is in places more 
than a mile in width, and the gravels, sands, and clays, cover its 
bottom, and extend to considerable heights up the flanks of the 
bounding slopes, while peat overlies the deposits in the lower 
parts of the present valley bottom. In most cases the gravel 
rests immediately upon the chalk, and is succeeded by the 
sands, loams, and clays. In the gravel between Amiens and 
Abbeville, hundreds of flint implements have been obtained, the 
prevailing shapes being a lon<j flattened oval tapering to a point 
at one end, a short oval, and long flakes, flattish on one side and 
ridged on the other. Although neatly formed, their cutting 
edges have been produced by a dexterous fracture of the flint, 
and not by grindmg. The implements are generally worn either 
by use or by friction in the bed of the river. They are most 
abundant in the lowest parts of the gravels, whether situated at 
the higher or lower levels of the valley. It is also in the lowest 
parts of the gravels and sands that marine shells have been met 
with, while the higher strata abound in fresh water species, and 
have imquestionably been formed by fluviatile action. The 
marine shells include specimens of Buccinum undatum, Littorina 
littarea, Nassa reticulata, Purpura lapiUus, Ttllina solidida, 
Cardium eduU, and othei-s, now living on the shores of France. 
These are mingled with Cyrena /uminalis, and many of the ordi- 
nary fresh water and land shells still existing in the surrounding 
district. With these are also associated the remains of mam- 
malia, which have long ceased to dwell in France, such as 
Elephas primigenius, JViinoceros tichorhinus, Equus fossilis, Bos 
primigeniuSy Cervus somoiiensisy Tarandus priscus, Fdis ^elaa, and 
Hy(ena spelcea. In the Menchecourt sand-pits, and near the 
bottom 01 the section, the bones of the hind part of the tichorhine 
rhinoceros have been found still retaining their proper relative 
positions, showing that they were still held together by their 
ligaments at the time of deposition ; and a little way off from 
this spot a whole skeleton was discovered. The conclusions to 
be drawn from these phenomena might be strengthened by 
similar facts from hundreds of other valleys in France, England, 
and other countries. The more important of those conclusions 
are that the implements are the work of man ; that they were 
placed in the position in which they are found at the same time 
as Uie gravels containing them were placed where they now are ; 
and Uiat they are associated with the remains of extinct mammals. 
But a further sifting of the evidence is required before accepting 
the further conclusions which have been adopted by many 
authors, viz.. that the valley was in part excavated after the de- 
position of tne gravels at the higher levels ; that all the marine 
shells, flint implements, and mammalia, were originally deposited 
in the gravels and sands, and that man lived at the same time as 
the mammalia. Our ideas of the antiquity of man depends, in 
great measure, upon the views which are taken upon these 
points ; and it has yet to be decided whether the valley was, or 
was not, entirely excavated before the accimiulation of any of 
the valley deposits ; whether all the mammalia were, or were not, 
living at the same time as the flint implement makers. These 
are questions which we cannot pretend to discuss fully, and yet 
much depends upon the answer that is given to them. Messrs. 
Prestwich and oUiers, as also Sir Charles Lyell, contend that the 
gravels, sands, &c, were being accumulated while the excavation 



of the valley was goin^ on, and consequently they recognise a 
considerable difference m the age of the liigh level and low level 
valley gravels. On the other hand, Mr. Tylor, and other geolo* 
gists, MUeve that the valley was first entirely excavated, and the 
gravels subsequently accumulated. On tlus latter hypothesis 
the time whicn elapsed between the formation of the gravels at 
the liighest and lowest levels was probably far shorter than that 
required by the former. And it seems to us that the latter 
hypothesis is most consistent with the facts before us. There is 
no direct evidence in favour of either view, so that one is 
thrown upon probability and circumstantial evidence in deciding 
which is most in accordance with truth. Mr. Prestwich admits 
that the rivers of France and England in their present condition 
are quite incapable of excavating the main valley, a position 
which is evident, seeing that they are deposit-accumulators, and 
not deposit-destroyers, and that it would require a still more 
powerful agent to scoop out chalk, than to wash away sands and 
graveL He also admits that the valleys were formed by rivers 
having a more torrential character, and more liable to be swollen 
by periodical floods, than at present. But he contends that the 
valley is in part newer than the gravel, on the ground that the 
high level gravels are far above the reach of any flood of the 
present rivers that can possibly be conceived. Those who hold 
the opposite view contend for the possibility and probability that 
valleys one mile wide and more than one hundrea feet deep, were 
at one time filled with running water, and that it was by these 
vast rivers that the gravels were deposited. The improbability 
of the latter view is considerably lessened if we have regird to 
the time when these valleys were formed. In northern Europe 
as in Scotland, for instance, many of the valleys were excavated 
at the same time as the glaciers were disappearing, and it was 
during this time that the land was undergoing its second rise 
and foil. Most of the valleys of southern England and France 
were being formed during the same rise and lall, and were pro- 
bably commenced even earlier, or during the first depression. 
If in the north the formation of the valleys were coincident with 
the gradual disappearance of the glaciers, it is by no means un- 
likefy that the excavation of the southern valleys were dependent 
upon periodical floodings, caused by the melting of the winter 
snows. 

Much of the recent denudation of Europe may safely be 
assigned to this period, and there is abundant evidence to show 
that it was chamcterised by the accumulation of vast bodies of 
water, which formed great lakes and inland seas. That the 
Somme may have at one time entirely filled its valley, is ren- 
dered probable by considerations such as these, as well as by the 
circumstance that numerous lar^e valleys debouch into the 
present valley, which bear indications of having been once filled 
with water, but which are now quite dry. Dry valleys are not 
restricted to the Somme, but are met with in connection with 
numerous other rivers. The contortion of the gravel and the 
lar^e blocks of stone found in them are best explained by the 
action of river ice, which is also in harmony with the idea of the 
river being swollen with molten snow. In some places we have 
indications of the rate at which the gravels were accumulated. 
Thus one case has been recorded of a mass of gravel in sand 
presenting curious contortions. The circumstances indicate that 
the mass of gravel, three or four feet thick, was frozen together 
by ice at the time it was laid on the sand ; that before it had 
melted the sand had covered up the mass, and that when it 
melted the overlying sand fell into the vacant space thus formed 
and shared in the contortions of the gravel. From this it is 
clear that four or five feet of saud was accumulated during the 
melting of the ice, which we comiot suppose took a very long 
time. As an illustration of the possibihty of the water having 
been accumulated in the Somme valley to the extent required, 
Mr. Tylor cites the following. In 1866, twenty inches of rain 
fell in one day in the flat country near Kurrachee. The Mulleer 
river flows through this country, and in ordinary seasons has not 
more than a foot of water in its bed. At a place sixteen miles 
above Kurrachee the valley is crossed by a railway bridge, the 
girders of which weighed about eighty tons each, and were 
nearly sixty feet above the level of the stream. On the occasion 
of this heav.y rainfall the river piled up wood and grass against 
the bridge and rose sufficiently high to overthrow the girders 
and to carry one of them two mUes down the river, where it was 
buried in the sand. Illustrations of the enormous extent to 
which rivers may exceed their ordinary bounds, might be cited 
by hundreds. Thus one or two may be given from localities 
nearer home, although they are not the best that could be chosen, 
since they belong to a country which at the present time differs 
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widely from what the Somme district probably was when its 
gravels were laid do^vn. The water of Leith in Eilinbiirghshire is 
an ordinary river, but " there are times when it almost disap- 
pears amon^ the stones, and there are times when the swollen 
torrent rushes along with the power of a riant" (Stat. Ace. of 
Scotland, L, p. 109). In 1803 it was flooded for three days, and 
acquired such proportions that it injured twelve dam heads, and 
washed away the bridge at Slateford. The Gore, in the same 
county, is another example. In 1837 it was swollen to an 
unusual extent, partly o^ving to heavy rain and partly to the 
bursting of a pond. It rushed through the valley with enor- 
mous force. This, however, was quite an exception ; but it 
frequently happens that the whole valley is inundated when the 
snow melts after a long continuance of snow storms. 

If, then, it be granted that the Somme valley was excavated, 
and its gravels accumulated by flooded rivers ; and that these 
events followed upon the passing away of a moderate glacial con- 
dition of the land, we should be careful to ascertain that the flint 
implements, mammaHan bones, and marine sheUs, are not derived 
fossils. Knowing how largely the beds older than the valleys have 
been denuded, it seems not unlikely that some of the marine shells 
belonged to strata deposited during an earlier depression of the 
country, and that some of the mammalia may also nave lived and 
died before the existence of the valley. The main argument 
adduced to prove that man co-existed witn these mammalia is, that 
the flint implements are associated with mammalian remains, 
which were evidently bound by ligaments and clothed with 
muscles ; but this does not necessarily imply their co-existence in 
the living state, since it is well known tnat the inhabitants of 
Siberia are still living in the same country in which the ticho- 
rhine rhinoceros yet retains its flesh and woolly hair, although 
the species has ceased to exist there for manjr centuries : indeed, 
there is no tradition that it was ever seen alive. As the climate 
of France during the formation of the valley gravels appears to 
have closely resembled that of Siberia at the present time, we 
should expect to find flint implements associated with the legs 
and skeletons of rhinoceroses, elephants, and cave-bears. So far, 
then, as the valley gravels of the Somme valley are concerned, 
there does not seem to be any safe data whereby to estimate the 
antiquity of the human race, and the same remark is applicable 
to most other valley gravels. 

It has, moreover, been remarked that if these remains of ex- 
tinct manmials were derived from earlier deposits, we should 
expect to find some traces of these strata. This may be ad- 
mitted, and yet, considering how vast has been the denudation 
by glacial agencies, we should not be surprised if those traces 
are exceedingly scanty in regions which have been subjected to 
that denudation. We do not observe any such renmants in the 
Somme valley, but one instance may be cited in Scotland. At 
a quarry near Kilmaurs, in Ayrshire, the boulder clay overlies 
a series of sands and gravels, in which have been wund the 
remains of Elephas primigenius and the reindeer. These beds are 

S re-glacial, and very few traces of the elephant have as yet been 
etected anywhere in Scotland, whether in glacial or post- 
glacial beds. In this instance the boulder clay has protected 
the underlying deposits from denudation. In England the 
head-quarters of the Elephas vrimigenius is in the Norfolk forest 
bed, which belongs to the early pwrt of the post-pliocene period. 
And doubtless several other examples are to oe found, more 
especially in more southern latituaes, which have not as yet 
been sufficiently explored. 

Let us next consider the facts afforded by the peat of the 
Somme valley, which is more recent than the gravel. This 
substance forms the lower part of the valley from far above 
Amiens to the sea. It attains a thickness of more than thirty 
feet in some places, and aU the shells and bones found in it 
belong to existing roecies. The peat in many places occupies 
the site of former forests, as it covers the trunks of alders, 
oaks, walnuts, and other trees, whose roots penetrate into 
the gravel below. Numerous remains of Roman and Celtic art 
occur in the peat, but the depth at which they are found seems 
to have depended upon the nature of the object and the con- 
sistency of the peat. M. Boucher de Perthes found some flat 
Roman dishes, whose shape and horizontal position" it is thought 
must have prevented their sinking through the peat. Assuming 
this, and assuming also that the plates fell on what was then 
the surface of the peat, the French archaeologist employed the 
facts as data for ascertaining the thickness of peat which had 
grown within a given nirnioer of centuries ; and from this he 
comes to the conclusion that the peat grew at the rate of about 
one inch per century, and that consequently 36,000 years has 



elapsed since it first began to grow. We believe the estimates 
are based on false assumptions, and that the peat required a far 
less time for its formation. The reasons for this belief are given 
under Bogs, E. C. S., but here we may state that the articles 
found in the peat do not indicate a greater antiquity than the 
second or thira century before the Christian era, and that as far 
as the mere growth of peat is concerned, the whole thickness of 
thirty feet might have oeen accumulatea in less than a century, 
although we are by no means prepared to assert what the actual 
time was. The estimate by Mr. Vivian that the uppermost sta- 
lagmite floor of Kent's cavern, which overlies deposits containing 
the relics of man, implies an antiquity of at least 260,000 years, 
is open to the same kind of objections as have been raised against 
the other instances we have dfiscussed. The stalagmite does not 
increase at all now, since none had been formed in the thirty 
years dating backwards from 1867. Since the time of the Romans 
there has been a very slight increase. Mr. Vivian takes the rate 
of growth since the Roman period as the rate at which the 
whole of the stalagmite was formed. But we have little doubt 
that the great bulk of the stalagmite was formed under conditions 
very different from the present conditions, which would enable 
the floor to form in a far less number of years than is estimated. 
If Mr. Vivian's mode of calculation were to be extended to the 
greatest thickness of stalagmite found, and to the three suc- 
cessive floors which have been traced, the supposed antiquity of 
the earliest deposit would be enormous. 

Implements of flint and stone are found so abundantly in 
almost every country of the globe, that it would be quite im- 
possible to attempt to give details respecting the varj'ing circum- 
stances under which they are found, and their relative ages. It 
would, moreover, be quite out of place, since the point we aim 
at here is not to show what were the state of the arts among the 
people who made them, but to ascertain whether those people 
lived a few or many thousand years ago. Beyond the few 
general remarks already given respecting them, we do not pro- 
pose to go, although there are many interesting points connected 
^vith them; but pass on to a few observations on the human 
bones found associated with flint implements and extinct 
mammalia, or under circumstances which seem to denote great 
antiquity. 

The fossil man of Denise has been the subject of much discus- 
sion among French anthropologists and geologists, and was at 
one time supposed to have lived long before the valley gravels of 
the Somme were formed, and indeed earlier than the period 
during which glaciers were at their maximum development in 
Scotland. This man appears to have been enveloped in the 
volcanic ash which was ejected during the last volcamc eruption 
in Velay ; but there is nothing veiy definite to show when this 
event took place. There is a Etva now supposed to be contem- 
poraneous with the volcanic ash enveloping the fossil skeleton, 
which contain remains of Hyaena spelcea and Hippopotamus 
major, and which descends so far down into the valley of the 
Bonne, a tributary of the Loire, as to imply that the valley 
system has been very little altered since the outflow of the lava. 
Indeed, there is nothing to show that this fossil is older than the 
flint implements of the Somme gravels, and it may be much 
later. Another example supposed to be of immense antiquity is 
the pelvic bone found at the base of the cliffs at Natchez, on the 
Mississippi, along with other bones belonging to the Mastodon 
ohioticusy Megalonyx, and other species, some of which are ex- 
tinct, and some still living. The stratigraphical position of this 
specimen is unknown, but it is supposed to have come from the 
same clay which contained the bones of Mastodon and Megalonyx. 
Without necessarily assenting to the correctness of this supposi- 
tion, let it be granted that the bone was found in the old clay, 
which forms part of an old delta of the Mississippi, and is now 
raised far above the river, so as to constitute the table-land of 
Vicksburg. Its antiquity even then would probably not be 
greater than that of the flint implements of the Somme, as pointed 
out by Sir C. Lyell in the following passage from his work on 
the 'Geological Evidences of the Antiquity of Man:' — "If, 
however, I am asked whether I consider the Watchez loam, with 
land shells and the bones of Mastodon and Megalonyx, to be more 
ancient than the alluvium of the Somme, containing flint imple- 
ments and the remains of the mammoth and hysena, I must 
declare I do not. Both in Europe and America the land and 
fresh -water shells accompanying the extinct pachyderms are of 
living species, and I could detect no shell in the Natchez loam 
so foreign to the basin of the Mississippi as is the Cyrena /wni- 
nalis to the rivers of modem Europe. If, therefore, the relative 
ages of the Picardy and Natchez aJiuvium were to be decided on 
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conchological data alone, the fluvio-marine beds of Abbeville 
might rank as a shade older than the loess of Natchez. My 
reluctance in 1846 to regard the fossil human bone as of post- 
pliocene date arose in part from the reflection that the ancient 
loess of Natchez is anterior in time to the whole modem delta of 
the Mississippi. The table-land was, I believe, once a part of 
the original alluvial phun or delta of the great river before it 
was upraised. It has now risen more than 200 feet above its 
pristine leveL After the upheaval, or during it, the Mississippi 
cut through the old fluviatile formation of which its bluffs are 
now formed, just as the Khine has in many parts of its valley 
excavated a passage through its ancient loess. If I was right in 
calculating tnat the present delta of the Mississippi has required 
as a minimum of tmie more than one hundred thousand years 
for its growth, it would follow, if the claims of the Natchez man 
to have coexisted with the Mastodon are admitted, that North 
America was peopled more than a thousand centuries ago by the 
human race. But even were that true, we could not presume 
reasoning from ascertained geological data that the Natchez bone 
was anterior in date to the anticjue flint hatchets of St. AcheuL 
When we ascend the Mississippi from Natchez to Yicksburg, and 
then enter the Ohio, we are accompanied everywhere by a con- 
tinuous fringe of terraces and sand at a certain height above the 
alluvial plain, first of the great river, and then of its tributary. 
We also find that the older alluvium contains the remains of Mas- 
todon everywhere, and in some places, as at Evansville, those of 
the Megalonyx. As in the valley of the Somme in Europe, these 
old post-pliocene gravels often occur at more than one level, and 
the ancient mounds of the Ohio with their works of art are newer 
than the old terraces of the Mastodon period, just as the Gallo- 
Roman tombs of St Acheul or the Celtic weapons of the Abbe- 
ville peat are more modem than the tools of the mammoth- 
bearing cdluvium. In the first place, I mav remind the reader 
that the vertical movement or two hundred and fifty feet, 
required to elevate the loess of Natchez to its present height, 
is exceeded by the upheaval which the marine stratum of 
Cagliari, contaming pottery, has been ascertained by Count de 
la Mamiora to have exi)erienced. Such changes of level, there- 
fore, have actually occurred in Europe in the numan epoch, and 
may, therefore, have happened in America. In the second place, 
I may observe that if, smce the Natchez Mastodon was embedded 
in clay, the delta of the Mississippi has been formed, so, since 
the mammoth and rhinoceros of Abbeville and Amiens were 
enveloped in fluviatile mud and gravel, together with flint tools, 
a great thickness of peat had accxmiulatea in the valley of the 
Somme ; and antecedently to the first growth of peat there had 
been time for the extinction of a great many mammalia, re- 
quiring, perhaps, a lapse of ages many times greater than that 
demanded for the formation of thirty feet of peat, for since the 
earliest growth of the latter there has been no change in the 
species of mammalia in Europe." 

In the loess near Maestncht, forming part of the elevated 
alluvial plain through which the Meuse flows, a human iaw was 
found at a depth of nineteen feet from the surface. In the same 
loess, and a few feet distant from the jaw, was found the tusk of 
an elephant. The valley is partially filled with loess and gravel, 
and patches of the former extend up the sides to a height of 200 
feet above the level of the river. Nearer the river are bluffs of 
gravel, capped by loess, which have a height of about 60 feet. 
And it is near the junction of this loess and g^ravel that the 
human jaw was found. The antiquity of the jaw is probably not 
greater than many other human remains which have been oisco- 
vered in caves and elsewhere, and we should be inclined to refer 
it, though not with much confidence, to the period of the second 
depression alluded to in the earlier part of our article. 

r^ear Aurignac, in the department of Haut Garonne, a sepul- 
chral grotto was discovered in 1862. filled with human bones 
belonging to 17 or 18 individnals of various ages. The bones 
were taken out and rebuned in the neighbouring cemetery before 
a complete account of the circumstances under which they oc- 
curred was drawn up, and no one had an opportunity of care- 
fully examining the remains. The cave, wnich is more fully 
described under Cate, E. C. S., appears to have been used as a 
burial place, and its mouth closed with a larce slab of sandstone, 
the nearest place from which it coidd have been brought being 
the opposite side of the valley. A few fossils and very few 
objects of human workmanship were found in the inside of the 
cave, but in the earthy layers outside the stone were ashes, flint 
implements, a stone widi which the flints were shaped^ bone 
arrows, a bodkin, and tools made from the horn of a remdeer. 
Scattered amongst the ashes and earth were the bones of 19 diffe- 



rent species of herbivorous and carnivorous animals, of which 
those of the reindeer, aurochs, and horse were most numerous ; 
while those of the cave-bear, cave-lion, and cave-hyaena among 
the carnivores, and of the mammoth, tichorhine rhinoceros, and 
Irish elk amongst the herbivores were less so. All the bones 
of the herbivores were split in a longitudinal direction, in the 
same way as is done by modem tribes for the sake of the 
marrow, and most of them were partially eaten and gnawed 
by the hyaenas. These relics of human feasts are especially 
interesting, inasmuch as they afford strong presumptive evi- 
dence that man was really the contemporary of the cave-b«ir 
and tichorliine rhinoceros. Thus there has been found here the 
bone of a cave-bear, which has been acted upon by fire, split 
longitudinally for the extraction of the marrow, and* gnawed by 
some strong-toothed carnivorous animaL The bones of a young 
tichorhine rhinoceros has the same marks. The nature and 
condition of the bones foimd in the interior were also remark- 
able. They appear to have been introduced by man. Amongst 
the rubbish were found ten human teeth, which had lost the 
same proportion of animal matter as the bones of the cave-bear 
and tichorhine rhinoceros with which they were associated. A 
tusk of the cave-bear was carved in imitation of what looks like 
a bird*s head. None of the bones in the interior were broken, 
or gnawed, or burnt, but from their juxtaposition in many 
instances, the portions of animals were evidently introduced 
with the flesh on. Thus in one spot most of the bones of a cave- 
bear were lying together uninjured. Many of these facts, if 
isolated, would not necessarily prove the contemporaneity of 
man with the extinct animals mentioned, for it ia possible that 
the bones of the tichorhine rhinoceros and cave-bear may havei 
belonged to individuals obtained from frozen ice ; and the capar 
bility of the bones to be carved, together with the similarity 
in the amount of animal matter in tne human as in the other 
bones, is also consistent with the same idea ; but the fact that 
the flesh was first eaten, the bones broken, and the broken frag- 
ments subsequently gnawed by carnivorous animals, indicates 
that the man of AurignAC was tne contemporary of such carni- 
vorous animals. In wis case it is highly probaole one of those 
carnivorous animals was the cave-hysBna^ for its remains are 
there--the bones are gnawed and eaten in a way that is charac- 
teristic of those which are so frequently associated with this 
species, and its dung is jdentifully mixed with the earth out- 
side of the cave. If, then, it is admitted that the cave-hywna 
was prowling about Aurignac during the period when this old 
sepulchral grotto was being filled with its dead, there is stroujg 
reason for believing man also co-existed with the tichorhine rhi- 
noceros and cave bear. And this admission removes much of the 
difficulty in accepting the conclusion that these species were 
also living at the time of the valley gravels of such nvers as the 
Somme, smce as has been shown under Caves, E. C. S., the fill- 
ing of the Aurignac grotto is far more recent than those gravels. 
Tms old grotto is further interesting on account of the un- 
worked flint implements, the carved bones, the ornaments, such 
as a bracelet of cockle-sheUs. and the supply of fresh food which 
seems to have been laid besicie the dead. On seeing these objects, 
thus associated, they speak to us in that kind of living language 
in which the tongue takes no part, but in which the ideas are as 
it were transmitted through them from mind to mind. " If," 
says Sir C. Lyell, ** we have before us at the northern base of the 
Pyrenees a sepulchral vault, with skeletons of human beings 
consigned by mends and relatives to their last resting-place, if 
we have also at the portal of the tomb the relics of funeral 
feasts, and within it indications of viands destined for the use of 
the departed on their way to a land of spirits ; while among the 
funeral gifts are weapons wherevdth in other fields to chase the 
gigantic deer, the cave-lion, the cave-bear, and woolly rhino- 
ceros, we have at last succeeded in tracing back the sacred rights 
of burial, and, more interesting still, a belief in a future state, to 
times long anterior to those oi history and tradition. Rude and 
superstitious as may have been the savage of that remote era, he 
stUl deserved, by cheri^iing hopes of a hereafter, the epithet of 
* noble,' which Dryden gave to what he seems to have pictured 
to himself as the primitive condition of our race — 

^* as Nature first made man. 
When wUd in woods the noble savage ran." 

The grotto at Aurignac is but one out of many (we might 
almost say hundreds oi) caverns in the south of France, the con- 
tents of which bear testimony to a population who had arrived 
at a remarkable stage of civilization for so early a date. With- 
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out any bowledge of the use of metaU, they were able to make 
a great variety of implements in bone, ivory, and reindeer horns, 
many of which are sculptured, nay, in some cases carved vrith an 
elegance and accuracy unknown among the nations of Western 
Europe until several centuries after the commencement of the 
Christian era. Amongst these figures there is one of a bear 
which differs from that of the common brown bear, but offers 
peculiarities which suggest that it was intended for the cave- 
bear. It is made upon a flint There is also a fiffure of an ele- 
phant, different from any existing species, designed upon a rein- 
deer's bone. This last was discovered in the cavern of Bruniquel 
in which well-shaped bone needles were plentiful, and in which 
has been found a remarkable cranium. This skull is said 
(Broca in Anth. Bev. vi p. 243) to be distinguished by the 
purity of its form, the gentleness of its contours, the slight pro- 
minence of its apophyses, the little depth of its muscular marks, 
all of which are characters incompatible with the violent man- 
ners of a savage or barbarous race. This people appear to have 
flourished durmg a considerable period, and to have been ulti- 
mately conquered by a race who possessed more perfect weapons^ 
irho introduced the art of polishing flint, but who })08sessed 
little industrv and no notions of art. At any rate this is one 
explanation tnat may be given for the circumstance that there 
appears to have been a sudden transition from the time of the 
people who designed figures and used chipped flint instruments, 
to those who used polisned implements, but who have left no siffns 
of art comparable with those left by the men who preceded 
them. In the present state of our knowledge It seems exceed- 
ingly hazardous to venture any opinion as to who these people 
were ; but the few glimpses we have of their mode of life, phy- 
sical conformations, religious notions, weapons, and customs, at 
once remind us of the modem Esquimaux. It is surprising 
what a flood of light a knowledge of the Esquimaux throws upon 
the curious facts revealed to us respecting the old nations of 
France. The parallel obtains not only between their manners 
and other points referred to, but also between the climates and 
faunas which are associated with both the ancient and modem 
men. The full resemblance could only be conveyed by details 
for which we cannot find room here, but although scarcely con- 
nected with our subject a few parallel examples may be dted. 
The caverns in which the men of France are found are charac- 
terized by the presence of tiie reindeer, and hence thev are said 
to belong to a reindeer period. Greenland and the Arctic 
regions where the Esquimaux dwell is at the present time the 
country of the reindeer. The reindeer people used a peculiar 
oval form of flint implement which is almost identical in shape 
with the implements used by the Esquimaux for scraping the 
skins from which they make their domes. In prex>aring these 
skins the natives masticate them, alid hence their teeth are worn 
down to the stumps at an imusuallv early age. In some of the 
skulls from the French caverns the teeth present a similarly 
worn condition in comparatively young individuals. The Esqui- 
maux had no knowledge of pottery or iron when first visited by 
more civilized nations, and the reindeer people also appear to have 
been ignorant of them. The Esquimaux used bone needles 
which could not, we believe, be distinguished from those found 
in the caverns of South France. The dwellings of the Esqui- 
maux are exceedingly disgusting from accumulated filth, and 
from the heaps of bodies which they pile up for the winter's 
supply. A similar habit appears to have prevailed amongst the 
reindeer people, and Mr. Christy especially alludes to the accu- 
mulation of animal remains as evidence that the climate of the 
south of France was at one time similar to that of Arctic regions ; 
since in any but a cold climate such deposits would rapidly 
become a mass of decomposition. Parry notices that he saw a 
few human bones lying amongst the idics of former meals. 
Gkrrigou, on the other hand, has found human bones in the caves 
of South France on which exist methodical percussive marks 
made for breaking the bone so as to obtain the marrow. The 
Esquimaux have a great natural ability for drawing, and this we 
have seen was also the case with the reindeer folk. The follow- 
ing passage from Lubbock's 'Prehistoric Times,* is especially 
interesting when taken in connection with the burial-place at 
Aurignac. "According to Corantz, the Qreenland Esquimaux 
'have neither a religion nor religious worship, nor so much as 
any ceremonies to be perceived tending towards it' This state- 
ment has been confirmed by many other observers. Their 
burial ceremonies have, however, b^n supposed to indicate a 
belief in a resurrection. They generally bend the body into a 
sitting posture, bringing the knees up under the chin, and then 
wrap the corpse in one of their best skins. For the grave they 



chose some high place, and over the corpse they make a heap of 
stones. Near the body some of them place the implements of 
the deceased, and even sometimes, if he was a man, his kajak, 
believing, as it has been said, they will be of use to him in the 
new wond. Egede, however, expri^y denies that it is done with 
any such idea.'' When a person is dying they place him or her 
in one of the huts along with food and drink, and other things 
that will soothe their last moments, and shut them up. They 
have a superstition that any weight upon a corpse gives pain, 
which belief, Lubbock remarks, woula ^ve rise to a vaulted 
tumuli in more favoured counlries, but in the north the bodies 
are so slightly covered up that the bones are soon unearthed by 
foxes and dogs, and become scattered about the dwellings. The 
squatting posture is very frequent in the earlier tumuli of 
Western Europe, and from the dimensions of the cave at 
Aurignac the SKeletons were probably also arranged in the same 
way. The Esquimaux are a remarkably peaceiuble people, and 
are said neither to possess warlike weapons nor indeed to know 
what war is, and the same peculiarity seems to have prevailed 
amongst the reindeer folk. In making these comparisons we do 
not wish to imply that these customs and similarity of ideas are 
found only in the people of these two regions ; nor that the 
reindeer folk did not differ in manv respects from the Esqui- 
maux ; nor that the Esquimaux are t£e descendants of the rein- 
deer folk ; but simply to indicate that there is much to be seen 
and heard amongst the Esquimaux which will enable us the 
better to appreciate the objects and phenomena which are met 
with in the caves of South France. 

The next specimen to which we would draw attention is a 
human skeleton which was found in the loamy floor of a cave in 
the Neanderthal near Dusseldorf, but of which only a portion of 
the cranium, and a few of the longer bones, have been preserved. 
No fossils nor artides of human workmansnip were found in the 
loam whereby some clue might be obtained as to its probable 
age. The cave is a basin-shaped hollow which was filled with 
the loam by a rent connected with the surface of the country, 
and is about sixty feet above the levd of the river Diissd. It 
has been said that the skdeton is of immense antiquity, and by 
some it has been looked upon as one of the earnest relics ot 
humanity. At present, however, it seems to us that its age is 
quite undetermined, and all that can be safely said on the point 
IS that it is probably mote than a few centuries old. The calva- 
rium, or skml-cap, nas been the subject of much discussion, and 
has been re^pardea by some as the missing link between man and 
the apes ; by others as the most brutal of all known human 
skulls ; by others as that of an idiot ; and by^yet another as a dis- 
tinct spedes of man under the cognomen of Homo neanderthalensu. 
The general impression left upon the mind after a perusal of the 
discussion is that its charactera are individual rather than distinc- 
tive of a nation or race of men ; that it bdonged to a man who 
had as large a brain as many of the least intelligent races which 
are now in existence, and a strong muscular devdopment. The 
prominent bony ridge over the eyes, the low retreating forehead, 
and the other features which are seen in it, are such as would 
arise from an abnormally early closing of some of the sutures. 
It is usually considered to have most resemblance to the skull of 
Australians ; but there is as great, perhaps a greater, similarity 
between it and s«me of the skulls of modem Frenchmen and 
Irishmen. 

The skull from the Engis cavern, about eight miles from 
Li^ge, and now in the museum of the university of that place, 
was imbedded in a breccia which contained the bones of horse^ 
reindeer, and rhinoceros. There are no good data whereby to 
ascertain the time when the individual to whom it belonged was 
living, but it may be conjectured to have been, with some degree 
of probability, at about the same period when the men of 
Aurignac flourished, or perhaps a little earlier. Its narrowness 
in front, and its general conrormation, indicate that it beloimed 
to a woman of or£nary intelligence. Human bones of consider- 
able anti<}uity have also been found in the caves at Bize and 
Poudres, m the conglomerate of the Florida reef^ in the lake- 
dwellings of Switzerland, and in the peat bogs of various parts of 
Europe. The conglomerate in which the human remains occur 
in the Florida reef is estimated to be 10,000 years old by Pro- 
fessor Acassiz; and a human skdeton found by Dr. Dowler 
beneath four buried forests, superimposed one upon the other, in 
the delta near New Orleans, is said to have lain there for 60,000 
years. We believe that, in the present state of our knowledge, 
attempts to estimate the age x)f tne human race in yeara is pre- 
mature, and that all the statements which assign frx>m 6000 to 
250,000 or more years as the time which has elapned since certain 
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individuals ceased to exist require revisal. On the whole, it 
appears probable that man co-existed with many of the extinct 
mammalia, with whose remains his own are associated ; but 
notwithstanding all that has been said and written, we do not 
know even one fact which thoroughly establishes this point. 
The phenomena which are generally appealed to as positive 
evidence in favour of this position, appear to us to prove nothing 
more than that man co-existed with the dead bodies of these species 
with the flesh on their bones, but it is possible that they may have 
died ages before. The case of the gnawed bones of the Aurignac 
grotto would go far to prove contemporaneity if it is certain 
that it was the cave hyaena which gnawed them ; but although 
it is admitted that the probability is great that it was the hyssna, 
still the facts are capable of a different interpretation. It may 
also be urged that it is very unlikely that the reindeer folk 
would eat the ice-preserved remains of cave bear and tichorhine 
rhinoceros so long as the country abounded in living reindeer, 
horses, and oxen ; nevertheless, the assertion that they may have 
done so does not seem to be untenable. It may be admitted that 
man lived when the gravels of many of the river valleys of 
France, Great Britain, and other coimtries, were deposited ; but 
the age of these cannot be, nay, rather has not been, determined 
with any approach to accuracy when estimated in years. From 
a geological point of view, the oldest traces of man appear to be 
of post-glacial date, and to belong to the time of the second post- 
pliocene depression, when the luiddle regions of Europe were 
liable to frequent and extensive inundations. We are aware that 
some of the relics or traces in caves have been assigned to the 
pre-glacial, and even to the pliocene, period ; but the reader is 
referred to Caves, E.C.S., for the evidence upon which this 
belief is founded. 

The celebrated jaw-bone from the gravel of Moulin Quignon, 
and a few inches only above the chalk, has led to much discus- 
sion ; but the facts which were elicited have not entirely cleared 
away the suspicion that this and the other human bones which 
have since been found on the same horizon, may not be so old as 
has been sujjposed. Another human fragment of a lower jaw of 
great antiquity^ presenting several remarkable characters, and the 
authenticity of which is unquestioned, has been found in the 
Naulette cave near Dinant In solidity and massiveness it far 
surpasses the average, and is especially remarkable in having no 
chin, no tubercles on the inside where the two rami coalesce, as 
also in possessing highly developed canine and molar teeth, 
which gradually increase from before backwards. A similar iaw, 
of apparently the same antiquity, has turned up in the Arcy 
cave. Brocas conclusions respecting the Naulette iaw, as com- 
pared with human jaws generally, are, that in the white man the 
molars gradually decrease in size from the first to the third ; the 
molars of the Australian are very nearly equal; while in the 
Naulette jaw there is a sensible increase in their volume from 
before to behind, a feature which is still more developed in the 
chimpanzee. The prominence of the chin is well displayed in 
the white man, is not so decided in the Australian, is just per- 
ceptible in the Arcy bone, while in the Naulette jaw it is absent, 
and in the diimpanzee there is a backward slope. The relative 
height of the lower jaw decreases by successive gradations from 
the white man to the chimpanzee, and on the other hand the 
thickness increases, being least in the white man and greatest in 
the chimpanzee. The mandibular tubercles are conspicuous in 
the white man, just perceptible in the jaw from Arcy, while in 
the Naulette bone there is a shallow pit, and not a projection, 
and the chimpanzee has a deep pit. A calvarium, believed by 
its discoverer to be pre-glacial, nas been exhumed from a lake 
marl, exposed in a railway cutting at Olmo, near Arezzo. It 

Eossesses characters which have not hitherto been found in any 
uman skulL It is dolichocephalic, and is said to approach t^e 
negro form of skull more than any other. Some skulTs found in 
the Belgian caves from deposits of the reindeer period, indicate 
that the Belgian people of that age had brachycepnalic crania and 
angular squarish faces, precise^ like those possessed by the 
Mongolians of the present day. The human jaw-bone, and other 
osseous remains from the Bruniquel cave, are also assigned to the 
reindeer period. 

Among the most interesting of human remains are those from 
the cave of Les Eyzies, the general contents of which belong to 
the reindeer period. The skulls to which we are about to allude 
were found in the lowest part of the cave, and at a lower level 
than the remarkable carved objects associated with reindeer bones 
which have been obtained from that cave. We should be dis- 
posed to refer the skulls to the same period, but Professor Broca 
thinks they are of higher antiquity and approximate to the time 
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of the mammoth. These skulls are in marked contrast with 
those from the Belgian caves, both as regards form and volume ; 
and along with them were found limb bones of most remarkable 
character. The old cave men of Les Eyzies were above the average 
stature of the present day, and these skeletons indicate that some 
individuals at least were possessed of amazing strength. The 
femur of one old man was so thick and massive that Professor 
Broca was unable to find one to match it in any of the Paris col- 
lections. This femur, as well as those of other males, have well 
developed ridges and roughened surfaces indicative of powerful 
muscles. The tibiaa are remarkable for their flattened, but 
straight, form, a form which is unusually frequent in the oldest 
known tibiae. It has been noticed in the men of the Gibraltar 
caves, and amount living people it is probably most prevalent 
in negroes and North African tribes, although in them the flat- 
ness is not so great as in the prehistoric men. The skulls from 
Les Eyzies present a curious combination of characters, some of 
which are now almost entirely restricted to the lowest existing 
savages, while others are considered to be characteristic of the 
most civilized nations of modem times. Thus the skull of one 
individual, the old man whose femur has just been alluded to, 
has a capacity far above the average of modem Frenchmen and 
Englishmen. The forehead is high and well-developed, and is 
such as would ordinarily be assigned to an intelligent individual. 
The large size of the cranium approximates the Les Eyzies 
people to the men of the oldest British tumuli, whose skulls are 
of extraordinary dimensions. The cranitd sutures were effaced 
from the front, backwards, as is the case with all living savage 
races. Professor Broca thus contrasts the antithetical characters 
of the skeletons of Les Eyzies : — " The great capacity of the 
brain, the development of the frontal region, the fane elliptical 
form of the anterior part of the profile of the skull, the ortho- 
gnathic disposition of the superior facial region (from which 
arises a considerable enlargement of the facial angle of Camper) 
are incontestable characteristics of superiority, such as we are 
accustomed to meet with only in civilized races. On the other 
hand, the great breadth of the face, the alveolar prognathism, the 
enormous development of the ascending ramus of the jaw, the 
extent and roughness of the surfaces for the insertion of muscles, 
and especially of the masticators, suggest the idea of a savage 
and brutal race ; and we are led to suspect that the woman has 
been slain by a blow with a hatchet, and that the thigh bone of 
the old man bears traces of an old and serious injury. Examine, 
again, the simplicity of the sutures, and their probably equally 
simple obliterations, which pass from before backwards, as is the 
case with barbarous people. Let us add, that the shape of the 
bones, and, in particular, the extraordinary development of the 
ridge of the femur, indicate a high degree of muscular power. 
Let us review these characteristics — the excessive breadth of the 
ramus of the jaw ; the subcoronoidal curvature of the ulna, of 
which the coronoid cavity is extremely shallow, and, above aU, 
the flattening of the tibiae, which are more or less manifestly 
simious ; and we shall thus complete the picture oif a race 
which, in some of its characteristics, attained the highest and 
noblest degrees of human morphology, and in others descended 
even below the most degraded anthropological types of the pre- 
sent day." (* Transactions of the Third Session of the Inter- 
national Congress of Prehistoric Archaeology,' p. 172.) It is 
thought that such oppositeness of character is related to the 
habits of the people, who must have had great muscular develop- 
ment in order to maintain their ground amidst the barbarous 
people of their time, and a high mental oimnization to develope 
those artistic results which indicate an intelligent and perfectiUe 
race — a race which Professor Broca says is entirely different 
from any other known to him. The men of the Gibraltar caves 
explored by Busk and Falconer, do not seem to belong to the 
most remote antiquity, but we would notice them since they had 
femurs and tibiae of precisely the same extraordinary type as 
those of the Les Eyzies individuals, combined with skulls of a 
high type identical with that of the crania from Guipuscoa, 
which Professor Broca terms Basque. One of the largest accu- 
midations of human skeletons of the reindeer period is that 
found at Solutre in the department of Saone-et-Loire. The 
skulls are said by Pruner-Bey to have the lozenge-shaped face so 
frequent amongst Mongolians, and to be divisible into four prin- 
cipal types corresponcSng to the four principal nations oi the 
high northern regions of Europe. Thus he distinguishes the 
Lap type, in which the head is brachycephalic and round ; and 
the skeleton slender and smalL The Finnish type, in which 
the head is of moderate length, or mesaticephalic and round ; 
and the skeleton massive and tall. The Esthonian type, to 
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which the Eyzies skulls belong, and in which the craniiun is 
highly dolichocephalic ; and the Esquimaux type. Associated 
with these are others of intermediate characters. The fact that 
these skulls correspond with those of the Mongolian division of 
mankind is noticeable, since a large proportion of the crania 
assigned to the reindeer period have a similar correspondence. 
Amongst other prehistoric remains of man, which may be of 
great antiquity, we would mention the fragments of jaw found 
m the excavations on Therasia, an island forming one of the 
oldest portions of the Santoriu volcanic group. As these were 
associated with the remains of a house, coarse decorated pot- 
tery, implements of flint and obsidian, and a bead of gold, 
their apparent age, although prehistoric, will not be anytliing 
like so remote as most of the human bones we have noticed. 
The older portion of the volcanic deposits constituting Therasia 
are believed to have been formed in the newer pliocene period. 

We have purposely confined ourselves to a notice of the 
principal oldest human remains ; consideration of space forbids 
long aetails on the men of the polished stone and subsequent 
periods, on the animals which flourished duiing those periods, 
or on the tools, weapons and other articles of human fabrication 
which illustrate the habits and customs of the pre-historic 
peoples. Neither can we say much for or against the probability 
that the chronological dates assigned to them are correct. Suffice 
it to say, that the most reasonable estimate is that which places 
the introduction of iron into Western Europe at approximately 
2700 years ago, the beginning of the bronze period at about 4000 
years, that of the neolithic age at about 6000 years, that of the 
reindeer period somewhat over 7000 years, and the date of the 
earliest men at a period still more remote. 

MARSILEACEiE [E. C. vol. iii. col. 690]. Lindley considered 
thiB group to be an order. Some more recent authorities have 
regarded it as a family allied to the Lycopods, while others have 
separated it into two families, namea, respectively, MarsileacecB 
and SalviniacuB ; while yet others again maintain that Azolla 
forms the type of a third family. Duchartre makes the whole 
^up a family of the acrogenous cryptogams, intermediate 
between the ferns and the grasses, the last ^oup being placed at 
the base of the phanerogams. The fructification of tne prin- 
cipal genera has long been known ; but it is only recently that 
the special structure of the generative organs has been adequately 
understood. Filularia is noticed under Pilularia, E. C, to 
which account we here give a few supplementary details, as 
also a notice of Marsilea and Salvinia, 

Pilularia, which contains other living representatives than 
P. qlohulifera, reproduces by means of sporocarps placed at the 
axils of the more or less developed leaves. Each sporocarp 
is divided by partitions into four cells. On the inner face of 
each cell is an elongate and slightly prominent placenta, to 
which is attached a congeries of small transparent bodies, which 
themselves contain a number of granules floating in a gelatinous 
fluid. These granules have two membranes, the exterior of 
which is so far incomplete as to allow the inner one to project 
as a small protuberance. When the latter subsequently opens 
it liberates minute cells with antherozoids, and hence tnese 
granules perform the functions of antheridia. The same 
placenta supports from 12 to 20 ovoid bodies, large as compared 
with the granules from which the ovules are destined to germi- 
nate. £^h such body consists of an inner cell, fiUea with 
amidon and drops of oil, suspended in a mucilaginous liquid. 
It is bounded by a tough white membrane composed of minute 
cells, and furnished with a terminal knob. The membrane is 
covered by layers of gelatinous cells. As soon as the ovules 
are liberated they begin to develope. This process first 
conmiences in a parenchymatous outgrowth in that part of the 
innermost cell wiiich protrudes through the median membrane. 
This outgrowth constitutes what is called a prothallus. An 
isolated cell in this prothallus acquires an increased size, and 
fills the cavity at the base of the single archegonia which the 
prothallus supports. A small canal runs from this cavity to 
the sunmiit of the archegonia, which terminates in three or 
four divergent ovules. At this period the antheridia have 
discharged their cellules. These soon commimicate with the 
archegonia, and cause the development of the embryo from 
which the mature plant is directly derived. In general features 
this mode of development resembles that of the Echinodermata 
amongst animals. 

The species of Marsilea thrive in shallow lakes, so that its 
habits are like those of Pilularia. The sporocarps are laterally 
compressed, and are carried on stalks continuous with the petioJfe 
of the leaf. They open by a longitudinal slit. The interior is 



furnished with a central partition, which runs parallel to the 
flattened sides, at right angles to which are a series of horizontal 
partitions, which divide the vessel into eight or nine chambers, 
one above the other. The median partition is of a mucilaginous 
nature at one end, and is capable of so expanding by the 
absorption of water as to contribute materially to the dispersion 
of the reproductive bodies. Each chamber has a longitudinal 
band attached to its outer wall, a number of antheridia in the 
form of clavate-pediculated sacs, and elliptical sessile ovules, the 
innermost cellule of which has thin walls, and is enclosed first 
by a thick, yellow, transparent envelope, and next by a more 
external coat, which is truncated at its summit, and lastly by a 
transparent gelatinous layer. When the sporocarp bursts the 
mucilaginous portions absorb water, which absorption causes the 
transformation of the sporocarp into a long riband, supporting 
the system of partitions with the band of antheridia ana ovules. 
From these originate a prothallus, and the subsequent changes 
proceed as in Pilularia, The earlier leaves are mere filaments, 
out the later ones present the normal form of leaves with four 
pinnae. 

Salvinia embraces small plants which float on the surfaca 
of still waters, S, natans being the best known species. The 
sporocarps are sustained on descending branches, and are 
somewhat depressed in form. The mode of development is 
nearly similar to what occurs in the genera already noticed. 
(Duchartre, KUmeru de Botanique.) 

MARSUPIATA [E. C. vol. iii. cols. 690—726]. The former 
article supplies many illustrations showing some of the main 
points in wnich this remarkable order of animals difliers from the 
other mammalian groups. In the present article w^e propose to 
notice a few of the more curious structural details wnicn have 
not been already dilated upon. 

In the great majority of marsupials the spines of the cervical 
vertebras are comparatively short, there being a sudden increase 
in the length in the first dorsal spine. The dorsal spines 
gradually diminish in length and increase in breadth from 
before to behind. In many species the dorsal and lumbar 
spines slope in opposite directions, those of the dorsal vertebrso 
being directed oackwards, and those of the lumbar series 
forwards. The sudden accession in the length of the spines 
is not by itself a special marsupialian feature, but is one that is 
possessed by nearly all browsers and grass-eaters. It is asso< 
ciated with the flexible motion of the neck, and is most marked 
in those species which have the greatest power of turning the 
head in all directions. The convergence of the spines is best 
displayed in the most active runners and leapers. and is 
especially well shown in the kangaroo ; and is rarely observable 
in the other mammalian orders. The decreasing size of the 
dorsal spines is as prevalent in marsupials as is the curvilinecu: 
outline of the same processes, due to their lengths first 
increasing and then decreasing, in those placental mammals 
which have an abrupt succession of lon^ dorsal to short 
cervical spines. In the latter group this arrangement is 
associated with the high shoulders and humps, whicn may be 
exemplified by the horse, the giraffe, and the elephant The 
number of the true vertebrae is constant, viz., 26 ; but there is a 
diffierence in the proportions in which they form the lumbar 
and dorsal portions of^ the column. Ii^ all cases there are seven 
cervical vertebrae ; in some species the dorsal vertebrae, or those 
to which ribs are attached, are 12 in number, as in Petaurut ; in 
others 13, and in the wombat there are as many as 16. 
Generally speaking, the most agile species have the fewest 
dorsals and the smallest thorax, while the heavier and slower 
forms have the greatest number of dorsals and the longest 
thorax. In the active kangaroo, for instance, there are 13 ribs 
on each side, of which the seven anterior ones are connected 
with a sternum, while the extremities of others are free. In 
the wombat there are 16 pairs of ribs, of which the six 
anterior pairs articulate with a sternum, and the remainder are 
attached to one another by haemapophyses or connecting 
cartilages. The wombat's thorax is thin, unusually massive, 
long, and well braced. This extra protection of the soft viscera 
seems requisite in an animal which burrows in the ground, 
and whose trunk must frequently be subjected to immense 
pressure. The same modification of structure occurs in the mole 
and in Chlamyphorua truncattu, both of which are active bur- 
rowers. This feature is remarkable when the marsupialian forms 
are compared with their nearest allies ; but there is less contrast 
when comparison is made with the orders higher in the 
zoological series, since on the average the latter have a better 
protected thoracic region than the former. In most marsupials 
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there are only two sacral vertebrae, though some species have 
three, and a few have four ; while in Perameles there is one 
only. In the worahat, which has a very short sacrum, the 
hindermost vertebne of the pelvic region are anchylosed 
together, so that it is difficult to determine how many are sacral. 
This part of the body has a firmness, which seems generally to 
pervade this extraordinary creature. In the other mammalian 
orders the usual number of sacral vertebrae ran^s from three to 
six. The number of caudal vertebrae is exceedmgly variable in 
marsupials, in which respect this group resembles other mam- 
malia. The Chceropxis seems to have no tail ; the Koala has a 
very short one ; that of the wombat is not conspicuous in the 
living animal, and is composed of 12 vertebrae at the most, of 
which six only project beyond the pelvis. In most other species 
the tail is of considerable length and the vertebrae numerous, 
but there is no relation between the length and the number of 
bones. In Perameles there are from 18 to 23 caudal vertebrae ; in 
Hypsiprymnusursinus more than 26 ; the kangaroos have between 
20 and 30 ; and Didelphya camivcra 31. Most of the species 
which have long tails, more especially such as use that organ for 
purposes of prehension or of support, have bony processes 
attached to the under side of the caudal vertebrae, which serve 
to protect the nerves and blood-vessels from injury by pressure ; 
ana at the same time afford surfaces to which may be attached 
the powerful muscles by which this appendage is moved. These 
V-shaped bones, or haemapophyses, are shown in the figure of the 
kangaroo, E. C. vol. iiL col. 713. They are rarely met with in 
other mammalian orders, and when they do are found in animals 
which use their tails for similar purposes as the marsupials. 
Thus the great ant-eater has these bones, and it frequently uses 
its tail as a basis of support in order that it may make better 
use of its forelimbs in attacking an enemy or demolishing an 
anthill. The kangaroo also, when driven to bay, supports itself 
on a tripod formed by the tail and two hind-limbs, and huM its 
foe in its powerful forearms. So again the spider-monKevs, 
which use the tail as a fifth extremity in climbing, are provided 
with these protective bones, but other processes share in the 
same functions ; and many other long-tailed monkeys have the 
same parts more or less developed. 

The skulls of marsupials present a great variety of form, struc- 
ture, and adaptation of pui'pose, according to the prevalent habits 
of the species. A very small proportion of the skuU is specially 
devoted to the protection of the brain, the great bulk of the bony 
matter being more intimately connected with the sense organs and 
mastication. Thus in the wombat, the koala, the phalangers, 
the Dasyuridce, and many of the opossums, the facial portion 
anterior to the zygomatic arches occupies one-third the entire 
length of the skull ; in Thylacintts it is nearly one-half ; in 
many of the kangaroos it is fully one-half ; and in the arboreal 
Hypsiprymni it is even more than this. In the predaceous 
and stronger species the modelling of the cranium is bolder, 
owing to the development of ridges and impressions whereto 
the muscles can be attached ; while the herbivorous and weaker 
species have the smoother skulls. The relation of the breadth 
to the length varies from three to four to one to two ; the former 

?roportion occurring in the wombat and Petaums ; the latter in 
Wameles. The height also varies. Thus in some species of 
Petaurus the length is nearly twice and a half the dimensions of 
the height, while in koala the height is fully three-fourths of 
the length. In most species the width tapers from behind 
forward, but in the extinct Nototherium the facial portion of the 
skull is broader than the cranium itself. The ridges are fre- 
quently as highly developed as in the most carnivorous mam- 
mals. The Vii-ginian opossum has a sagittal crest proportion- 
ally larger even than that of the strong-jawed hysena. in such 
species as Petauncs sciurem and Myrmecohius fasciatus, the 
outside of the calvariiim is comparatively smooth, the temporal 
muscles even originating in a slight depression. The zygomatic 
arches are on the whole well developed, and in some species are 
remarkably bony and massive ; but there is not the same 
relation between the nature of the food and the strength of these 
arches as is displayed in the placental mammals, since some of 
the grass-eating marsupials have very strong arches. Professor 
Owen correlates this, in the case of kangaroos, with the circum- 
stance that the grass they feed on is very dry and rigid, necessi- 
tating a stronger apparatus of bone and muscle for working the 
terminal teeth than woidd be required in cases where the grass 
is soft and succulent. The arches of the insectivorous mar- 
supials are weaker than those of kangaroos, but they are rela- 
tively stronger than those of placental mammals which have 
similar habits and diet. In the koala they are remarkably long, 



deep, straight, and parallel. The frontal bones are larger, but 
they serve to enclose far more of the nasal than of the cerebral 
cavity, in which they difier most widely from the highest pla- 
centals, such as man and the apes. The lacrymal bones enter 
largely into the composition of the face, as is also the case, 
though less generally, in some other orders, such as Eodentia, 
while it is exceedingly rare for them to extend beyond the orbit 
in the Camivoraf Quadrumanu, and some other ordei*s. The 
malar bones are very strong and large amongst marsupials 
generally, and in Perameles lagotu they are bifurcated at both ex- 
tremities. The palatine apertures are more general and larger 
in marsupials than in any other mammalian order ; in which 
respect they somewhat approach reptiles and birds. The follow- 
ing remarks by Professor Owen >vill indicate generally the 
variation in their sizes and numbers : " In Pimlangista Cookii, 
in Petaurus jlaviventer and Petaunis sciureicSj in Macropus major , 
and some other great kangaroos, the bony palate is of great 
extent, and presents a smootli surface, concave in every direction 
towards the mouth ; it is pierced by the two posterior palatine 
foramina at the anterior external angles of the palatine bones, 
either within or close to the transverse palato-maxillary sutures. 
Behind these foramina, in the kangaroo, there are a few small 
irregular perforations. The bony palate is similarly entire in 
the Ht/psiprymnus ursinus. In Macropus Bemietth there are 
four orifices at the posterior part of the bony palate. The two 
anterior ones are situated upon the palato-maxillary suture, and 
are of an ovate form with the small end forward. The two 
posterior foramina are of a less regular form and smaller size. 
In the brush kangaroo (Macropus Bruniij Cuv.). the posterior 
palatal foramina present the fonn of two large fissures placed 
obliquely and converging posteriorly. They encroach upon the 
posterior borders of the maxillary plate. Anterior to these 
vacancies there are two smaller foramina, and posterior to them 
are one or two similar foramina. In the pptoroos, wombat, and 
koala, the posterior palatal openings are large and oval, and 
situated entirely on the palatal bones. In Syps. setosus they 
extend as far forward as the interspace between the first and 
second true molars ; in Hyps, murinus they reach to that be- 
tween the second and third true molars ; posterior and external 
to these large vacuities there are two small perforations. In the 
phalangers, with the exception of Ph. Cookii, the palatal openings 
are proportionally larger ; they extend into the palatal process 
of the maxillaries, and the thin bridge of bone wluch diviaes the 
openings in the potoroo, Ac, is wanting : the two perforations at 
the posterior external angles of the palatine bones are also 
present. In the Virginian opossum the bony palate presents 
eight distinct perforations, besides the incisive foramina ; the 
palatal processes of the palatine bone extend as far forward as 
the third molars ; a long and narrow fissure extends for an equal 
distance ^three linesj into the palatal processes both of the pala- 
tines ana maxillanes ; behind these fissures and nearer the 
median line are two smaller oblong fissures ; external, and a 
little posterior to these, are two simUar fissures, situated in the 
palato-maxillary sutures; lastly, there are two round perforations 
close to the posterior margin of the bony palate. In the Ursine 
Dasynre a large transversely-oblong aperture is situated at the 
posterior part of the palatal processes of the maxillarv bones, 
and encroaches a little upon the palatines. In Mange's Dasyure 
there are two large ovate apertures crossing the palato-maxillary 
suture, separated from each other by a broad plate of bone ; pos- 
terior to tnese are two apertures of similar size and form, which, 
being situated nearer the medial line, are divided by a narrower 
osseous bridge ; each posterior external angle of the bony palate 
is also perforated by an oval aperture. In tne Viverrine Dasyure 
the two vacancies which cross the palato-maxillary suture are in 
the form of longitudinal fissures, corresponding to the fourth 
and fifth grinders ; the posterior margin of the bony palate has 
four small apertures on the same transverse line. Since the 
defective condition of tliis part of the cranium is one of the 
characteristics of the skull ot the bird, it might be expected that 
some approximation would be made to that structure in the 
animals which form the transition between tlie placental and 
oviparous vertebrates. We have already noticed the large 
vacuities which occur in the bony palates of nearly all mar- 
supials ; but this imperfectly ossified condition is most remark- 
able in the Perameles lagotis, in which the bony roof of the 
mouth is perforated by a wide oval space from the second pre- 
molars to the penultimate molars, exposing to view^ the vomers 
and the convolutions of the inferior spongy bones in the nasal 
cavity." The peculiar features of the lower jaw have already 
been described in E. C. in comiection with the discussion as to 
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the marsiipiiil or non-marsupial nature of the fossil mammalian 
remains from the Stonesfiekl slates. The bones of the former are 
generally strong and weU-developed ; and are so articulated as 
to admit readily of pronation and supination, motions which 
are required by animals which use their fore-limbs for opening 
the pouch. The pelvis is of an enonnous size in most marsu- 
pials, as compared with the dimensions of the new-bom young. 
Even in the species which have the smallest pehdc canal, the 
aperture is six times -Nvider than' the head of the embryo at birth. 
The separate elements are usually firm, articulated or co-ossified 
together, and do not admit of that lateral play which is so 
essential or requisite in the higher mammalia, more especially 
man, in which the head of the young one can sometmies be 
made to pass the pelvic canal with great difficulty. The marsu- 
pial bones vary greatly in size, being half an inch in length only 
in. MyrmecobiiiSj and so long, flat, and broad in koala as to 
approach the iliac bones in volume. They do not seem to be 
required for expelling the foetus, as has been maintained by 
Bome, since of all animals the marsupials least require such an 
auxiliary ; moreover, they are as well developed in the males as 
in the females. Their fimction is more intimately related to the 
action of the muscles which compress the abdomen. 

The muscles in the limbs of marsupials present many modifi- 
cations as regards size, number, and modes of insertion. They 
are generally strong and powerful, and so attached as to facili- 
tate the pronation and supination of the limbs, a feature 
which is absent in the Bodentia, Carnivoraf &c., but which is so 
highly developed in man. 

The brain is small throughout the order, being relatively 
largest in the smaller species, and varying from ^Ji^th part by 
weight of the body, as in Dendrolagus inustus, to yi^,th part, as in 
the large kangaroo. The cerebellum is exposed m all, and the 
optic lobes, and the cerebral hemispheres are rarely convoluted, 
and even when convolutions are present they are very slight. 
The other characteristics of the marsupial brain are the large 
proportional anterior commissure, and still larger hippocampi, 
the rudimentary condition of the transverse commissure, and the 
small size and inferior position of the corpus striatum relatively 
to the hippocampus. 

The tongue is well developed, and possesses considerable 
mobility. In many species it is richly clothed with papilla?, 
indicating that taste aids largely in the discrimination of food. 
The great development of the nasal cavities has already been 
noticed ; and this is connected with an extensive pituitary 
membrane and numerous olfactory nerves. Some species of 
kangaroos are noted for acuteness of smell. 

Marsupials have two sets of teeth during their lifetime, and 
hence they belong to the diphyodont assemblage. All species 
have incisors, but variable in number. The canines are large in 
the dasyures, small in the phalangers, absent in the lower jaw of 
the koala, and in both the jaws of the kangaroos and wombats. 
The numl^er of molars is usually seven on each side of each jaw. 
The details of the dentition of many genera will be gathered 
from the E. C. article. In the thylacine and dasyures we have 
the carnivorous modification of dentition, but this differs from 
that of the placental carnivores in the greater number of the 
incisors, the greater uniformity and simplicity of the molars, 
and in the canmes of the lower jaw being received into hollows of 
the premaxillary, and not projecting outside of it. The Myrme- 
cohius has a greater number of molars than any other marsu- 
pial, as indicated by the following formula ; — 



Incisors, 
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canmes, -— - ; premolars, — - ; 



molars, 
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There is greater evenness in the heights of the teeth ; even the 
canines do not project much beyond the general level of the 
molars. In the extinct Thylacotherium the number waa still 
greater, the dentition of the lower jaw corresponding with that 
of Myrmecobiusy with the addition of three premolars on either 
side. In Phalanger and Petaurus the dental series is at first 
complete, but as some of the teeth are but little, they soon fall 
out and leave gaps. Amongst these teeth considerable variation 
occurs, but tne permanent ones are usually very constant. 
Modifications in the unimportant teeth are not correlated with 
any general change of diet or habit. This is the explanation jfor 
the great gaps in the dental series of HypsiprymnuSy Macropus^ 
and others, and the corresponding paucity of teeth. In Hypsi- 
prymnus there are only two lower incisors, no lower canines, and 



only one premolar on each side of each jaw. This premolar is 
remarkable for its large size, being much larger than any of the 
molars, and for its trenchant shape. In Macropus viajor there 
are no canines at idl, although the germs of these teeth are 

S resent in the foetus. In the wombat we have the extreme 
ivergence from the typical form, upon which Professor Owen 
makes some interesting observations, which we cite, as also his 
remarks on the dentition of Thvlacoleo and Plagiaulax, We 
give his own views respecting the latter genera, because in a 
subsequent article [Plagiaulax, E. C. S.] we have inserted Dr. 
Falconer's views, which are opposed to those of Professor Owen. 
"In this genus [Phdscohmyi] the dental system presents the 
extreme degree of that degradation of the teeth, mtermediate 
between the front incisors and true molars, which has been 
traced from the opossum to the kangaroos ; not only have the 
functionjess premolars and canines now totally disappeared, but 
also the posterior incisors of the upper jaw, which we have seen 
in the koala and potoroo to exhibit a feeble degree of develop- 
ment as compared with the anterior pair ; these, in fact, are 
alone retained in the dentition of Phascolomys, The dental 
formula of the wombat is thus reduced both in number and kind 
to that of liodentia. 

Incisors, - ; canines, - ; premolars, — - ; true molars, 

^ U X — — 1 

t:| = 34. [See fig. in E. C. iii. col. 715.] 

The incisors, moreover, are * dentes scalprarii,' but are inferior, 
especially in the lower jaw, in their relative length and curva- 
ture to tliose of the placental Glires ; they present a subtriedral 
figure, and are traversed by a shallow groove on their mesial sur- 
face. The premolars present no trace of that compressed struc- 
ture which characterises them in the koala and kangaroo, but 
have a wide oval transverse section — those of the upper jaw 
being traversed, on the inner jaw, by a longitudinal groove. 
The true molars are double the size of the premolars ; the supe- 
rior ones are also traversed by an internal longitudinal groove ; 
but this is so deep and wide that it divides the whole tooth into 
two prismatic portions, with one of the angles directed inward. 
The mferior molars are in like manner divided into two triedi-al 
portions; but the intervening groove is external, and one of the 
facets of each prism is turnea inward. All the grinders are 
curved, and describe about a quarter of a circle. In the upper 
jaw the concavity of the curve is directed outward ; in the lowei 
jaw, inward. The false and true molars, like the incisors, have 
persistent pulps, and are consequently devoid of true fangs, in 
which respect the wombat differs from all other marsupials, and 
resembles the extinct Tozodan, the dentigerous Bruta, and herbi- 
vorous Bodentia, A retrospect of the modification of marsupial 
dentition shows them to be divisible into two classes — one, 
* polyprotodont,* or characterised by several pairs of mandi- 
bular incisors; the other * diprotodont,' or by a single pair. 
These are large, more or less procumbent, and ever jjrowmg ; 
the incisors of the first group are small, and of the usual limited 
growth. The polyprotodont type prevails in the American 
genera ; the diprotodont obtains m tne majority of the Austra- 
lian marsupials, and is associated usually with vegetarian or 
promiscuous diet. There did exist, however, coeval with Dipro- 
todon, Nototherium, &c, in a tertiary age in Australia, a carni- 
vorous marsupial, equalling the lion in size, with the diprotodont 
type of dentition, adaptively modified for preying on the huger 
contemporaneous Herhivora, The pair of mcisors in the lower 
jaw of Thvlacoleo and their homotypes above were canines in 
size and shape ; a single tooth of the molar series on each side of 
both jaws was concomitantly modified to act as a ' sectorial,' or 
flesh-cutting tooth, the crown being narrow or compressed, long 
antero-posteriorly, with the sides marked by vertical folds or 
grooves, and converging to a rather oblique cutting edge ; that 
of the upper blade playing on the outside of the lower one. 
These 'sectorials' were lai^er than in the lion or tiger, and 
were even more camassial as wanting the tubercle, and consist- 
ing wholly of the blade. Behind the upper sectorial is one small 
tubercular of the relative proportion ot that in Felts; the lower 
sectorial is followed by two small teeth, with subtuberculate 
crowns. The teeth between the camassials and laniary incisors 
are too small for definite use. So far as present fossils shew, 
the dentition of Thylacoleo was : — 

T . 3-3 . 1-1 2-2 

Incisors, -r^ » canmes, r — t ; premolars, ;: — :: ; molars. 
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The chief buainess of the teeth was delegated to the tusks and 
camassials; development was concentrated on these at the cost of 
the normal or typical dental series. The foremost seized, 
pressed, lacerated, or killed ; the carnassials divided the nutritive 
fibres of the prey. ThijlacoUo exemplifies the simplest and most 
effective dental machinery for predatory life known in the mam- 
malian class. It is the extreme modification to this end of the 
diprotodont type of Marstqnalia, The skull exhibits all the 
concomitant carnivorous modifications in a like extreme degree. 
It is interesting to note that, just as the exceptional modification 
of the polyprotodont type in the modern Myrmecobixis was mani- 
fested oy Amphitherium in oolitic times, so likewise was the 
zoophagous diprotodont modification, but on a smaller scale than 
in Thylacoleo, The lower incisor in Plagiaulax was a large up- 
curved pointed tusk ; the camassial was of great fore and lut 
length, coupled with narrowness, and an oblique cutting edge, 
rendered sub-serrate by the better marked and more oblique 
lateral grooves than in Thylacoleo, Anterior to the camassial 
there are two or three similar and smaller sectorial j)rcmolars in 
PlagiaulaXy more of the general diprotodont type being retained 
in the older zoophagous diprotodont. Behind the camassial are 
two small tuberculate molars, as in Thylacoleo, Some palaeon- 
tologists, neglecting Cuvier's guide-post of the true molar as the 
light-giving tooth, have been led astray in regard to the affini- 
ties ol Plagiaxdax, referring it to the * noephagous potoroos and 
kangaroos,' which combine with a single trenchant and grooved 
premolar four large and massive grinders of quadricuspid or 
transversely ridged structure." Professor Owen points out that 
in the diphyodont mammals the teeth are sufficiently indivi- 
dualised to allow of each tooth being indicated by a symbol, 
and its homologue traced throughout the mammalian series. 
The incisors, canines, premolai-s, and molars, are symbolised by 
their initial letters and a numeral, accortling to their position in 
the jaw, the order of the numbers running from 1 for that tooth 
of each series which is nearest the end of the snout ; the milk 
teeth are denoted by a prefixed rf, for deciduous. When the 

kangaroo first quits the pouch its dentition is, d. i., r— r ; d. m., 
, = 12. The incisors correspond to those designated by 



2—2 
2—2 



d. i. 1 in the typical dentition ; and the molars to those indi- 
cated by d. m. 2 and d. m. 3. At this early stage, then, some of 
the teeth have germinated, and been discarded. The canines 
are retained by some species in the upper jaw, but are always 
small ; but in most species they appear as germs; and then dis- 
appear Avithout further development. Probably traces of d. m. 1 
are also to be detected in the foetus, or in the young one soon 
after birth. At a later stage d. i. 2 appears in the upper jaw, 

2—2 
and d. m. 4 in both jaws, thus making the dentition, d. i., r^r ; 

3 — 3 

d. m., - — 5, = 18. At the age of twelve months d. i 3 is deve- 
3 — «3 

loped in the upper jaw, and m. 1 in both jaws, the dentition 

3—3 3—3 1—1 

being formulated thus : d. i., •■ — r ; d. m., - — - ; m., t — r = 24 

1—1 «} — «5 1 — 1 • 

At this stage the germ of p. 3 is visible underneath d. m. 3, but 
still buried in the substance of the jaw. Next d. m. 2 is shed, 
and m. 2 is acquired ; while d. m. 3 i3 shed, and. replaced by p. 3 ; 
soon after which p. 3 is pushed out simultaneously with the 
development of m. 3. From this it is evident that individuals 
may have the same number of molars, and yet none of them 
may possess homologous sets. This shows the necessity of 
indicating whether the molars are deciduous premolars or true 
molars. As the animal grows older d. m. 4 is shed, and next m. 1. 
Old individuals may, tnen, have apparently the same molar 
dentition as very young individuals, the difference being that 
the molars belong to different portions of the typical dentition. 
Thus a youne and an old animal may have a dentition repre- 
sentable by the first formula above as regards molars ; in the 
former those molars are d. m. 2 and d. m. 3, while in the latter 
they are m. 2 and m. 3. It will be observed that normally the 
teeth come and go in a definite order. 

The lips are generally fleshy, and highly vascidar ; in most 
cases they are naied, but in a *few are clothed with hair. This 
structure is admirably adapted to the important function which 
the lips are known to perform, of transferring the tender foetus 
from the vagina to the marsupial pouch. 

The alimentary canal presents many modifications. Generally 
the oesophagus is smooth or disposed m fine longitudinal plaits ; 
but in tne Virginian opossum tnere are many transverse folds, 



like those of the FelidaSf but relatively larger. This structure has 
not been observed in any other marsupial genera, not even in 
those of most carnivorous habits. The stomach is either simple, 
as in the SarcopJutga, Entomoplvaga^ and most Carpophaga, or 
provided with a cardiac glandular apparatus, as in Phascolarctos 
and Phascolomys, or complicated by saccuU, as in Poeplvaga. The 
cardiac extremity does not present modifications corresponding 
with the nature of the food and dentition, being essentially the 
same in Dasyurus, which is carnivorous ; in Perameles, which is 
insectivorous ; and in Phalanger, which feeds on leaves. The 
sacculated stomach of the kangaroo is the extreme modification 
presented by tlie oixler. It resembles the colon of man in struc- 
ture, mode of disposal in the abdomen, and in its longitudinal 
extent. In a specimen of a full-grown female, the whole length 
of the stomach, measured along the curvatiures, was 3 ft. 6 m., 
or equal to the length of the animal itself from vent to muzzle. 
It is described by Professor Owen as consisting of a left, a 
middle, and a right, or pyloric division. "The lelt extremity of 
the stomach is bifid, and terminates in two round cul-de-sacs. 
The sacculi of the stomach are produced, like those of the colon, 
by three narrow longitudinal oands of muscular fibres, which 
gradually disappear, together with the sacculi at the pyloric 
division. One of the longitudinal bands runs along the greater 
curvature at the line of attachment of the gastro-colic omentum ; 
the others commence at the base of the left terminal pouches, 
and run, one along the anterior, the other along the posterior side 
of the stomach; the interspace between these bands, forming the 
lesser curvature of the stomach, is not sacculated. The largest of 
the two terminal sacculi is lined with an insulated patch of 
vascular mucous membrane, which is continued for the extent of 
five inches into the cardiac cavity ; the thick epithelium is con- 
tinued from the oesophagus in one direction into the nearest and 
smallest sacculus, and extends in a sharp-pointed form for a 
considerable distance in the opposite direction into a series of 
sacculi in the middle compartment of the stomach ; the epithe- 
lium is quite smooth. The vascular mucous sui'face recommences 
by a point at the great curvature near the beginning of the 
middle compartment, and gradually expands untu it forms the 
lining of the whole inner surface of the right half of the stomach. 
Three rows of clusters of mucous foUicles are developed in 
the mucous membrane of the pyloric half of the middle com- 
partment ; they are placed parallel with the longitudinal 
muscular bands. About fifteen patches ore situated along the 
greater curvature, and there are nine in each of the anterior and 
posterior rows. These glandular patches disappear altogether in 
the pyloric compartment of the stomach, where the lining mem- 
brane is thickened and finally cormgated, but immediately 
beyond the pylorus there is a circular mucous gland three- 
quarters of an inch broad ; the non-sacculated pyloric division 
of the stomach was five inches in length." The specimen be- 
longed to Macropus major; but in the smaller species there is 
less complexity, and the third longitudinal band is obsolete in 
some. In the large kangaroo there are two folds which together 
form a canal similar to what is found in the stomachs of pla- 
cental ruminants. In the kangaroo it probably has some relation 
to a ruminating function, since this creature has been seen to 
compress its abaominal muscles, regurgitate food into the mouth 
with a concomitant bowing of the head, and chew the cud. The 
act is, however, not performed with anything like the regularity 
prevalent in true ruminants, and takes place in the erect, not in 
the recumbent, position. Although the stomach bears no con- 
stant relation to the kind of food in its modifications, yet such 
correlation is eminently displayed in the ca3cum coli. In the 
sarcophagous marsupials the csecum is entirely wanting, and the 
intestinal canal is short and wide. In the entomophagous tribe 
the csecum is of moderate size, and the intestinal canal is rela- 
tively longer than in the foregoing group, as well as more com- 
plicated, being divisible into small and large intestines. In the 
carpophagous species the csecum is of extraordinary length, being 
in some twice the length of the body. In the koala, which is 
strictly a vegetable feeder, this part of the canal is three times 
the length of the body, and its inner secreting membrane is 
augmented by a dozen longitudinal folds. In the species which 
have sacculated stomachs the csecum is relatively shorter than 
in those of the simple-stomached group, which have correspond- 
ing habits and diet. In the zoophagous marsupials the mtes- 
tinal canal is suspended from the commencement of the duo- 
denum, like that of carnivorous reptiles. The annexed table 
indicates the relative lengths of the body and parts of Uie 
alimentary canal in a few species of the different marsupial 
fam ilies : — 
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Perameles nasuta . . 
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Petaurus pygmreus . . 
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Phalangista vulpina . 
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Phascolarctos fuscus . 
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HypsiprjrmnuB setosus. 
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Macropus major . . . 
Phascolomys Vombatufl 
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The liver is many-lobed in all marsupials. It is relatively 
largest in the wombat and dasyure, and smallest in the kan- 
garoo. The gall is large in all marsupials. 

The heart presents no outward feature that calls for notice. 
Internally it is characterised by the absence of the fossa ovalis 
and the foramen ovale, structures which have relation in pla- 
cental mammals to the intercommunication of the right and left 
auricles during the foetal condition. There is a similar com- 
munication in the foetal kangaroo, but the fissure is subsequently 
completely obliterated. 

Tne epiglottis is very large in all marsupials, and generally has 
an emarginate apex. In IXdelpht/s opossum it is entire ; in the 
Phalangers, broad, short, and bifid ; it is also short and broad in 
Perameles and Phasgogale, and attached by the sides to the 
apices of the arytenoid cartilages. The vocal chords are slight 
folds of membrane not capable of being stretched, and the li^- 
ments are wanting in tne phalanger and kangaroo. In tne 
opossimi there is a lower ligament and a ventricle, and their 
voice is a squeak and a purr. The wombat purrs ; the Dasyurus 
ursinus growls or whines ; the thylacine makes a short guttural 
note ; but most of the marsupials have no voice. 

(Owen, On the Anatomy of Vertebrates, vols. ii. and iii.) 

MELANIAD^ [E. C. vol. iii. col. 754]. In the E. C. the 
remarks appertaining to this family are dispersed under the 
names of the principal genera, Melanin and Melanopsis, About 
a generation back it numbered less than 100 species, li^ang and 
extinct ; but at the present time the figures are running so high 
and increasing so fast that some naturalists complain that these 
genera, especially Melania, are becoming too unwieldjr, and that 
great difiiculty is experienced in coining new specific names. 
This has led to attempts to eliminate all groups which can pos- 
sibly be defined, and raising these to the rank of genera ; and 
hence several new generic names have been introduced to 
science during the last few years. It remains for future in- 
quirers to ascertain what these names are worth, and whether 
tne numerical abundance of a genus can validly form the prin- 
cipal argument for splitting up such a genus into smaller groups, 
and raising them to generic distinction. In wading through tne 
recent literature of the subject, which extends over several 
hundreds of pages, one feels amazed at how large a proportion is 
devoted to the simple description of shells, and how few words 
are expended in discussing wnat relation and fimction the cha- 
racters have. In a truly natural series of definitions a student 
ought to be able to infer from a given set of characters what are 
the principal physiological features, general habits, and other 
biological details ; but can the most erudite conchologist say 
what is the signification of the notch in Liihasia, or the callous 
columella in Ancvlosaj independently of their value as distinc- 
tive marks ? There is a great lack of that knowledge and high 
philosophy which enables the student to determine in many 
cases what characters are analogous, what are homologous, 
which characters are subordinate, and the relation these points 
have to the life or history of the species. - Dr. Lea defends the 
establishment of the genera to which we shall presently allude 
against those who object that the soft parts are unknown ^in the 
following words : — " But there is no validity in this objection, 
from the fact that, in the present condition of the science of 
malacology, we are becominjj acquainted with a vast number of 
new and interesting forms, without the hope at present of seeing 
the organic portion of the animals. These may at some future 
time, and no doubt will, be examined and carefully described by 
zoologists who may dwell near the waters where these numerous 
and mghly developed species reside. Until this task takes place 
we can only group them upon the characters which are pre- 



sented by their outward hard portionfl which are accessible to ns 
now." He then refers to the genera and sub-genera proposed by 
European zoologists in this family, and shows that in most 
instances these are heterogeneous in composition, or, as he 
phrases it, " they have mixed them up in a manner so as to 
make great confusion." He supports his statement by reference 
to the labours of Swainson, Gray, Adams, Reeve, and Chenu. 
We suspect his strictures are well founded, and we also suspect 
that they will apply equally to his own groups ; better would it 
be to let confusion alone, than to make confusion worse con- 
founded. In making these remarks we do not wish so much 
to reprobate Dr. Lea as to convey our conviction that no 
amount of closet work or museum study will enable one to 
arrive at a correct classification, and that our knowledge of the 
great family of Melaniadce, and, indeed, of MoUusca generally, 
would be mr more advanced if there was less descrioing, but 
more field-observing and anatomising. Most of the new genera 
are probably only temporary makeshifts, which will be abolished 
as soon as a knowledge of functions permit of their being dis- 
carded as convenient groups into which to sort the species. 
Even when the animal is noticed we find little more than de- 
scription, and a heaping together of characters, but little attention 
being given as to what the characters mean or indicate. We will 
illustrate these remarks by reference to Dr. Stimpson's researches 
on two North American Sielanians, the Melania viroinicay Say., 
and the Mudalia dissimilis of Haldeman, both oi which are 
living in the Potomac river. In Tryon's elaborate synonymic 
lists, the former has more than a dozen synonyms, the priority 
being given to Goniohasis virginica ; while the latter has upwards 
of 30 synonyms assigned to it, of which the priority is given to 
Anculosa carinata. The animals ot these two species are very 
similar, and Stimpson states they must be placed in the same gen us. 
The snout is large and long, slightly tapers, and projects much 
beyond the anterior margin of the foot. It can be retracted or 
extended, and moved about in all directions ; and so actively 
are these snouts used for probing the mud, that a group of these 
creatures feeding on the margin of the river remind one of a 
herd of pigs routing about for food in muck. When contracted, 
the snout is transversely wrinkled, but smooth when stretched 
out. Its general outline is oval, and it terminates in a disk of 
the same shape, in which the mouth is indicated by a longitudinal 
slit extending from the centre to the posterior margin. The teeth 
are arranged in seven rows on the taenio-glossate plan, or 3. 1. 3. 
The central or rhachidian plate is broader than long, rotund 
behind, but sinuated in front ; the next plates on either side are 
rhomboidal in outline, with a produced angle at the outer edge 
of the posterior margin ; the next pair are like the outermost 
two, but with fewer denticles. The tentacles are of moderate 
size, and taper to a more or less sharp point ; and the eyes, 
which are black and small, are situated on slight protuberances 
at their outer bases. The foot is short, thick, truncated in front, 
rounded behind, and is generally much shorter than the shell. 
The operculum is homy, sub-spiral, few whorled, and is borne 
on a conspicuous operculigerous lobe. In adult specimens the 
apex is frequently oroken off, which usually leads to an elonga- 
tion of the operculum beyond the foot, somewhat as occurs in 
Fusus. On the right side an impressed line runs from the 
pallial cavity, or faces the right tentacle, whence it curves down- 
ward to near the margin of the foot. On the right side also 
there is a slightly sinuated opening in the pallial cavity. The 
brancliise are two in number, situated on the inner surface of the 
mantle, and of unequal size, the longest extending to the bottom 
of the pallial cavity. The principal branch ia gradually taper 
backwardly, and is composed of about fifty triangular plates, the 
base of the triangle being somewhat less than the height. The 
other branchia lies parallel to the principal one, but is reduced 
to a simple midrib without lamina?. The sexes are distinct, but 
the fact IS not ascertainable without some difficulty, since there 
are no external generative organs, and the internal organs are so 
similar that they cannot be distinguished even when dissection 
is resorted to. By employing the microscope, however, it is 
observable that the contents ol the organs consist of ova only in 
some individuals, and of spermatozoa only in others. On further 
examination it may be noticed that some individuals have a 
deep pit on the impressed line above mentioned, at a point 
mitfway between the tentacle and operculigerous lobe, while in 
others it is absent. This sinus or pit occurs in the females only, 
and is probably connected either with fecundation or the deposi- 
tion of eggs ; at any rate, it is a sexual character. The absence 
of intromittent organs is also a feature found in the sessile 
ctenobranchiate Vermeti; and hence Stimpson proposes to place 
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the American Melanians, and possibly the Old World species 
also, along with the Vermetidai in a distinct tribe, to be termed 
Anandria. The observations made by Dr. Stimpson are very 
important, but they seem to be too few to give adequate support 
to nis generalization. He reviews the general conclusions to 
which fonner authors have been led respecting this group, that 
of the American Melanians. In the * Iconographic Encyclopaedia,' 
published in 1851, is an article by Professor Haldeman, in which 
the Melaniadaa are characterised by having a simple mantle 
without fringe or siphon, a head ending in a short snout, and by 
their v^etable diet. It is considered to include Melania, Lit- 
torina, Planaxis, Eulima^ Paludina, Amnicola, Valvata, Ampul- 
laria, Leptoxis, Melanopds, lo^ and perhaps SccUaria^ which is a 
very good mixture, but certainly not a natural family. It is 
based upon the edge of the mantle being plain, while those 
species wliich have that edge scolloped are placed in the next 
family, the Cerithiidw, The character is, however, one of slight 
importance, since in the same species every gradation may be 
found between a plain mantle edge and one in wliich the 
branchial siphon is margined with complicated fringes. One of 
Deshayes' characters of the genus Melania is that its mantle has 
festooned edges, so that Haldeman ought to place the species of 
Melania which have that character amongst tne Cerilhivice, 

Dr. Lea rearranges the American Melaniadce into the following 
ten genera, which he shortly distinguishes in the way indicated. 
In Melania the aperture of the shdl is regularly loop-like. In 
Amnicola it is round, without part of the edge being thickened ; 
in Anculosa it is also round, but the columella is callous ; in 
Goniohasis it is usually sub-rhomboidal, sub-angular at the base, 
and not canaliculated ; in Trypanostoma it is auger-shaped, and 
the outer lip is expanded ; in Eurycoelon it is ear-shaped, and 
there is a caUus on the columella above; in Streplufbasis it is 
squarish, and the base has a retrorse callus ; in Liilmsia there is 
a callus on the coliunella above and below, and a notch at the 
base ; in Schizostoma there is a cut at the upper part of the outer 
lip ; in Meseschiza there is a cut at the middle part of the outer 
lip ; and in lo there is a channel or spout at the base. The 
characters, it will be seen, are drawn from the shell only, and in 
the diagnoses of the species it is very rare indeed that any 
allusion is made to the animal. In almost every genus we find 
species, as defined by Dr. Lea, which do not conform to the 
principal character assigned to it, but this in itself is no valid 
objection to the genera themselves, except as indicating that 
there is a difficulty in precisely defining them. Thus Amnicola 
Currieriana has a constricted half-moon shaped aperture, and a 
columella which is so expanded and thickened as to cover the 
umbilicus. In some specimens the aperture approaches in cha- 
racter to that of Neriiina, In Anculosa turbinata the aperture 
is anything but round, or even regular ; Dr. Lea himself de- 
scribes it as ovate, but it comes nearer to what we should call 
auriculate. So again in Ooniobasis we fiud many species as 
described and figured by Dr. Lea, in which the aperture is not 
rhomboidal, but elliptical. Ooniobasis cahawbensu has an aper- 
ture which we cannot distinguish from those of some true 
Melanice, It is not sub-rhomboidal, and it is not sub-angular 
at the base, so that the want of a channelled lip is the only 
feature in which it agrees with the definition. G. lepida is 
another species which has a beautifully regular elliptical aper- 
ture. G. virgulata has a canaliculate margin. The shape of the 
aperture in Goniobasis is so variable that no suitable term can 
designate it ; but the ditferences mainly consist in the degree of 
curvature of the outer lip and the flexuosity of the inner lip. 
We might give instances from all the other genera ; but this 
course is unnecessary. 

In 1862 Dr. Lewis described the soft parts of Melania sub- 
tdarU (Lea) and M. exilis (Haldeman). He distinguishes the 
former Dy having a fold or sinus on the side of the foot and 
neck, while in tne latter it is wanting. In Tryon's lists M, 
exilis stands as Goniobasis semicarinatay and the other species as 
Pleurocera subulare. One, therefore, belongs to the Goniobasic 
section ; the other to the TrypanosUnnoid section. Soon after Dr. 
Lewis had made his first observations he arrived at a higher 
generalization, which was that Dr. Lea's views as to the pro- 
priety of dividing the American Melaniadn was correct ; that 
Dr. Lewis had found that the soft parts confirmed the conclusion 
which had been drawn from the shell. Dr. Lewis believes that 
the sinus of Melania suhdaris will be found in all the species of 
Trypanostomu or Pleurocera^ and the granular sides of AT. exilis 
in all species of Goniobasis, Hence the character has acquired 
increased importance ; at first it is regarded as of specific value 
next of generic value, and from the way in which the facts are 
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ut, one is strongly inclined to suspect that the next step would 
) make it of sectional value. Th 



e to make it of sectional value. There can, however, be little 
doubt that the sinus is simply a sexual distinction, so that all 
this elaborate classification tumbles down like a house of cards. 
What better illustration could we give of the importance of 
thoroughly mastering the plan of organization, and of ascertain- 
ing what relations the descriptive characters have to that plan 
before such characters are employed for purposes of classification 
and definition ? Perhaps every system ou^ht to be considered 
as provisional, aud not a reliable guide, which is not founded on 
the bix)ad basis we have indicated. 

In Mr. Gill's arrangement the Melaniadce forms the first 
family of TcenioglossUy and is succeeded by Amnicolidce and 
Vinparid(B, the grouping hemg confined to American species. 
Its place in the scheme will be gathered from the following 
table of the American families of Tcenioglossa: — 

1. nostrum moderately produced, and entire or simply 

notched. 
a. Foot not produced beyond head ; brancliiae uniserial. 
* Lateral jaws present ; aperture of shell acuminate be- 
hind ; generally channelled at front; size moderate. 

MelaniidcB, 
*♦ Lateral jaws obsolete ; aperture of shell subcircular, 
broadly rounded at front ; size very small. 

AmnicolidcB, 

fi. Foot produced considerably beyond the head ; branchioa 

triseriaL Vxviparidce, 

2. Rostrum produceil, extending into two much-elongated 

subulate lobes ..... Ampullariidoe, 
A.A. Qills pinnate, plumose and exsertile forwards 

Valvatidia^ 

As thus defined, the family does not include Pirena, Lam.; 
Melanatria, Bow.; Melatomaj Sw. ; MelanopsiSj Lam.; VibeXf 
Oken ; and Hemisinus^ Sw. These last are considered to form 
a distinct family, characterised by the foot projecting beyond the 
head, and by the notch in the aperture of the shell, which Gill 
proposes to name Melanopida:, Melanopsis princeps, Lea, and M, 
acicularis, Ferussac, are marked by an absence of a posterior 
sinus in the outer lip, and are raised to a genus, named 
Faunopds, The same author considers that the American 
MelaniidcR have no fringed mantle, and that these constitute a 
distinct sub-family, CeriphasHncPf from the species of the Old 
Worid. 

Mr. Haldeman also recognises that the American Melaniadce 
are distinct from those of the Old World. The two groups 
he regards as two families, and mentions as the pnncipal 
distinctive point that in the American group the mantle is 
simple, while in the Old World group it is festooned. The 
American group he terms Strepamatidas ; while the Old World 
group he considers is a sub-family, the Melaniana, in the family 
CerithiidcB, Dr. P. P. Carpenter places the Old World and the 
American groups together, and remarks that both have a fringed 
mantle. Stimpson thus criticises these conclusions : — *' I trust 
that it is unnecessary to reiterate here that the character of the 
margin of the mantle, whether fimbriated or not fimbriated, 
though made a family or sub-family character by Haldeman 
and Gill respectively, is of the slightest possible importance 
in comparison with others easily discoverable upon patient 
observation. That the Old World Melanians are oistinct as a 
sub-family from the American forms 1 do not deny. But the 
truly important distinction consists in this; the Old World 
species are ovo- viviparous like Paltidina {Vivipariis), while tl\e 
American species are oviparous. Woodward, H. and A. Adams, 
and Carpenter, all state that the species of the Melaniadce are some- 
times viviparous, but do not attempt to establish a distinction on 
this account between the American and Old World species, nor do 
they inform us in what geographical area the viviparity has been 
observed. I am inclined to consider the Old World croup as 
ovo-viviparous, from having found it to be the case in all of the 
species of that group accessible to me, while all the observations 
which have been made upon the American species lead to prove 
them to be oviparous." 

In Tryon's synonymic list he adopts the name Strepamatidas 
as proposed by Haldeman. His synopsis of the generic groups 
runs thus : — 

A. Aperture produced into a more or less obvious canal in 

front Trypanostomoid Section, 

Genus 1. Shell fusiform, inflated, spire and canal produced. 
Columella without deposit of nacre . • lOj Lea. 
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Sub-genus. Shell conical or oval, canal not so much 

produced Pleuroceray Raf. 

Genus 2. Shell oval or turbiniform, or fusiform, with a 
revolving row of nodules on the periphery ; canal short. 
Columella caUously thickened above and below. 

Angitrema, Hald. 
Sub-genus. Shell oval or oblong, smaller, either smooth or 
adorned with nodules around the upper portion of the 
body. Whorl. Lithasia, Hald. Canal retrorse. 

Strcphobasis, Lea. 

B. Aperture nearly angulated in front, with no canal, and the 

columella perfectly plain, not twisted, frequently cal- 
lously thickened above . . . Goniobasic Section, 
Genus 3. Shell heavy, oval, oblong, or turreted. 

Goniohasis, Lea. 
Genus 4. Aperture with a sutural pleurotomose slit above. 

Schizostoma, Lea. 

C. Aperture entire and rounded in front. 

Genus 5. Shell oval, heavy, columella callously thickened 
above. Anculosa, Say. 

In this arrangement all the American species formerly assigned 
to Melania are sorted under headings, so that this genus in the 
rest^cted sense is confined to the Old World. Amnicola also is 
excluded, in which respect Tryon agrees with most malacologists, 
who consider that this genus really belongs to the Rissoidce, The 
genera Eurycalon and Meseschiza, which have been formed by 
Lea since the above synopsis was published, are subsequently 
placed by Tryon in the Goniobasic section. He also gives a 
synopsis of the species, which we subjoin, with full lists of 
synonyms and relerences, for which we refer the reader to the 
original papers and volume cited at the end of this article. 

/o, Lea, 1831 (5 species). 

A. Shell smooth, or only slightly tuberculate. I. fluviatilis, 
Say ; I. inermis, Anthony. 

B. Shell spinose. I. spinosa, Lea; I. brevis, Anthony; I. 
turrita, Anthony. 

Pleurocera, Rafinesque, 1819 (89 si^ecics). 

A. Tuberculate. P. alvcare, Conrad ; P. Foreiuani, Lea ; P. 
undulatum, Say ; P. cxcuratum, Conrad ; P. moniiiferum. Lea ; 
P. nobile, Lea ; P. robustum, Lea. 

B. Sulcate. P. canal iculatum. Say ; P. filum, Lea ; P. pon- 
derosum, Anthony; P. olivaceum. Lea ; P. Troostii, Lea ; P. 
moriforme, Lea ; P. Pybasii, Lea ; P. Showalterii, Lea. 

C. Angulate, striate below the periphery. P. Thomtonii, Lea; 
P. trivittatum, Lea ; P. infrafasciatum, Anthony; P. fastigiatum, 
Anthony; P. Posteliii, Lea ; P. incurvum, Lea; P. alabamense, 
Lea ; P. florencense, Lea ; P. canalitium, Lea ; P. Clarkii, Lea ; 
P. Anthony i. Lea ; P. prasinatimi, Conrad ; P. tortum. Lea ; P. 
dignum. Lea. 

D. Caiinate and striate. P. unciale, Haldeman ; P. subulare, 
Lea ; P. intensum. Lea ; P. subulajforme. Lea ; P. Heniyanum, 
Lea; P. Lewisii, Lea ; P. annuliferum, Conrad ; P. Bnmibyi, 
Lea ; P. Currierianum, Lea. 

E. Plicate. P. sycamoi-ense. Lea ; P. plicatum, Tryon. 

F. Smooth and angulate. P. elevatum. Say; P. gradatum, 
Anthony; P. aratum. Lea ; P. lativittatum. Lea ; P. strictum. 
Lea ; P. modestum, Tjea ; P. Leaii, Tryon ; P. Tuomeyi, Lea ; 
P. gracile. Lea ; P. Spillmanii, Lea ; P. planogyrum. Lea ; P. 
pyrenellum, Conrad ; P. regulare. Lea ; P. validum, Anthony. 

G. Smooth species ; not angulated. P. glandulum, Anthony; 
P. Christyi, Lea ; P. labiatum. Lea ; P. jmllidum. Lea ; P. 
neglectum, Anthony; P. vestitum, Conrad; P. strigosum. Lea; 
P. lugubre. Lea ; P. picta, Lea ; P. tenebrocinctimi, Anthony; 
P. Vanuxemii, Lea; P. chakasahaense, Lea ; P. Knoxense, Lea ; 
P.altipetum, Lea ; ocoeense, Lea ; P. hastatum, Anthony; P. 
Lyomi, Lea ; P. viridulum, Anthony; P. sugillatum. Reeve ; 
P. striatum. Lea ; P. Knoxvillense, Lea ; P. Whitei, Lea ; P. 
attenuatum. Lea; P. Estabrookii, Lea; P. modestum. Lea; 
P. luteimi, Lea ; P. curvatum, Lea ; P. simplex^ Lea ; P. bivit- 
tatum, Lea ; P. turgidum, Lea ; P. minor, Lea ; P. pumilum, 
Lea ; P. opaca, Lea ; P. trochulus, Lea. 

Angitremaj Haldeman, 1841 (12 species). 

A. Body whorl, with a coronal of tubercles. A. geniculata, 
Haldeman ; A. salebrosa, Conrad ; A. subglobosa. Lea ; A. 
Tuomeyi, Lea. 

B. Body whorl^ encircled above the aperture by two rows of 
tubercles, of which the inferior one is most prominent. A. 
Jayana^ Lea. 



C. Body whorl, with a central row of tubercles. A rota, 
Reeve ; A. armigera, Say; A. Duttoniana, Lea ; A. stygia, Say; 
A. funiculata, Reeve ; A. luna, Conrad ; A. verrucosa, Ra- 
finesque. 

Lithasia, Haldeman, 1840 (16 species). 

A. Shell lai^e, oval, inflated. L. fuliginosa. Lea ; L. floren- 
tiana, Lea ; L. venusta. Lea ; L. dilatat^ Lea ; L. imperialis, 
Lea. 

B. Shell small, compact, oval, elliptical. L. vittata, Lea; 
Showalterii, Lea ; L. nuclea. Lea ; L. nuclcola, Anthony; L. 
nndosa, Anthony; L. obovata, Say; L. consanguinea, Anthony. 

C. Shell subcylindrical. L. brevis. Lea ; L. fusiformis, Lea ; 
L. Downiei, Lea. 

Strephohasis, Lea, 1861 (8 species). 

A. Shell ovate, conical S. curta, Haldeman; S. pumila, 
Lea ; S. carinata, Lea. 

B. Shell cylindrical. S. olivaria. Lea; S. plena, Lea; S. 
cornea, Lea ; S. corpulenta, Anthony; S. bitajniata, Conrad. 

Goniohasisy Lea, 1862 (263 species). 

A. Shell spirally ridged. G. proscissa, Anthony. 

B. Shell tuberculate or nodulous. G. variana, Lea ; G. 
Hydeii, Conrad ; G. decorata, Anthony ; G. caelatura, Conrad ; 
G. Stewardsoniana, Lea ; G. flavescens. Lea ; G. occata. Hinds ; 
G. catenaria, Say; G. catenoidea^ Lea ; G. etowahensis. Lea ; 
G. Hallenbeckii, Lea ; G. Boykiniana, Lea ; G. Bentoniensis, 
Lea ; G. papillosa. Lea ; G. Couperii, Lea ; Q. inclinans. Lea ; 
G. Posteliii, Lea ; G. arachnoidea, Anthony; G. Conradi, Brot ; 
G. carinifera, Lamarck ; G. abbreviata, Anthony ; G. vesicula, 
Lea. 

C. Shell plicate. G. obesa, Anthony; G. blanda. Lea; Q. 
aequalis, Haldeman ; G. semigradata. Reeve ; G. carinocostata, 
Lea ; G. Lecontiana, Lea ; G. cadus. Lea ; G. obtusa, Lea; 
G. amcena. Lea ; G. Tuome3ri, Lea ; G. interveniens. Lea ; G. 
olivella, Lea ; G. interrupta, Haldeman ; G. crispa, Lea ; Q. 
formosa, Conrad ; G. mediocris. Lea ; G. Duttonii, Lea ; G. 
laqueata. Say; G. Pybasii, Lea; G. induta, Lea ; G. versipellis, 
Anthony; G. gracilis, Lea ; G. i)aucico9ta, Anthony; G. tene- 
brosa. Lea ; G. coracina, Anthony; G. interdta, Haldeman ; G. 
columella, Lea ; G. blanda. Lea (a different species from the one 
so named higher up ; this is the oldest) ; G. nitens, Lea ; G. 
niutata, Brot ; G. sutumlis, Haldeman ; G. mutabilis, Lea ; G. 
viennaensis, Lea ; G. Curreyana, Lea ; G. costifera, Haldeman ; 
G. Deshayesiana, Lea; G. abbeviUensis, Lea; G. Doolyensis, 
Lea ; G. inconstans. Lea ; G. continens, Lea ; G. viiidecata, 
Lea ; G. purpurella. Lea ; G. semicostata, Conrad ; G. dislo- 
cata, Ravenel ; G. Lindsleyi, Lea ; G. paupercula, Lea ; G. 
comeola, Anthony; G. nassula, Conrad ; G. perstriata. Lea ; 
G. rugosa. Lea ; G. costulata. Lea ; G. cinerella. Lea ; G. 
caliginosa. Lea ; G. nodulosa. Lea ; G. difficilis. Lea ; G. sparus. 
Lea ; G. Thomtonii, Lea ; G. cancellata, Say; G. circinata, 
Lea ; G. athleta, Anthony; G. curvicostata, Anthony; G. stria- 
tula, Lea ; G. tripartita, Reeve ; G. decora, Lea ; G. crebri- 
costata. Lea ; G. comma, Conrad ; G. acuta. Lea ; Q. subcylin- 
dracea. Lea ; G. baculum, Anthony; G. concinna. Lea ; G. 
eliminatum, Anthony; G. teres. Lea ; G. gracillima, Anthony; 
G. Clarkii, Lea ; G. De Campii, Lea ; G. abbreviata, Anthony; 
G. plicifera, Lea ; G. silicula, Gould ; G. nigrina, Lea ; G. rubi- 
ginosa. Lea ; G. Bairdiana, Lea. 

D. Shell angulate. G. trochiformis, Conrad ; G. cristata, 
Anthony; G. cruda, Lea ; G. Whitei, Lea; G. expansa. Lea; 
G. casta, Anthony; G. rhombica, Anthony; G. angulata, 
Anthony; G. Bridgesiana, Lea ; G. cubicoides, Anthony; G* 
Spillmanii, Lea ; G. pallidula, Anthony; G. vicina, Anthony; 
G. Spartenburgensis, Lea ; G. modesta, Lea. 

E. Whorls very strongly carinated. G. pagodifonnis, 
Anthony; G. Gerhardtii, Lea ; G. acutocarinata, Lea. 

F. Body whorl, bi-mrdti-angulated G. tabulata, Anthony ; 
G. Catawbaea, Haldeman ; G. vittata, Anthony; G. subangulata, 
Anthony; G. symmetrica, Haldeman ; G. iota, Anthony; Q. 
nigrocincta, Anthony; G. tecta, Anthony ; G. hybrida, Anthony; 
G. fuscocincta, Anthony; G. congesta, Conrad. 

G. Short, clavate, smooth, species. G. auriculaBformis, Lea ; 
G. Nickliniana, Lea; G. aterina. Lea ; G. Binneyana, Lea ; G. 
ebenum. Lea ; G. Vanxiana, Lea ; G. larvaeformis. Lea ; G. 
anricoma, Lea ; G. glabra, Lea ; G. graminea, Haldeman ; G. 
gibbosa. Lea ; G. cognata, Anthony; G. Georgiana, Lea ; G. 
abrupta, Lea; G. depygis. Say; G. livescens, Menke; G. simplex, 
Say; G. potosienais, I^ ; G. torta, Lea ; GL Safifordi, Lea ; G. 
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virens, Anthony; G. Newberryi, Lea ; G. biilbosa, Gould ; G. 
lithasioides, Lea ; G. infimtula, Lea ; G. louisvillensis, Lea. 

H. Smooth, elevated species. G. pulchclla, Anthony ; G. 
cinerea, Lea ; G. gracilior, Anthony ; G. etowahensis, Lea (this 
name has also been given to a species in group B., which is the 
oldest) ; G. translucens, Anthony ; G. ovoidea, Lea ; G. grata, 
Anthony ; G. quadricincta, Lea ; G. flava, Lea ; G. tenebrovit- 
tata, Lea ; G. tenera, Anthony ; G. Elliottii, Lea ; G. pallescens. 
Lea ; G. parva, Lea ; G. Anthonyi, Lea ; G. cahawbensis, Lea ; 
G. Gabbiana, Leii ; G. sordida, Lea ; G. clavajformis, Lea ; G. 
castanea, Lea ; G. adusta, Antliony ; G. furva, Lea ; G. dubiosa, 
Lea ; G. loevi^ata, Lea ; G. interlineata, Anthony ; G. ohioensis, 
Lea ; G. brevispira, Anthony ; G. semicarinata, Say ; G. Halde- 
niani, Tryon ; G. curvilabris, Anthony ; G. informis, Lea ; G. 
vittatella, Lea ; G. Alexandrensis, Lea ; G. Haleiana, Lea ; G. 
rubella, Lea ; G. spinella, Lea ; G. Draytonii, Lea ; G. proxima, 
Say. 

I. Striate species, spire elevated. G. virginica, Gmelin ; G. 
sulcosa. Lea ; G. Budcfii, Lea ; G. Troostiana, Lea ; G. latitans, 
Anthony ; G. porrccta, Lea ; G. sculptilis, Lea ; G. crenatella, 
Lea. 

' J. Heavy, pupoefonn, or cylindrical species. G. cylindracea, 
Conrad ; G. pupoidea, Anthony ; G. litta. Lea ; G. fallax, Lea ; 
G. inosculata. Lea ; G. alabamensis, Lea ; G. rara. Lea ; G. 
nunicea, Lea ; G. pudica, Lea ; G. fabalis. Lea ; G. snelbyensis, 
Lea ; G. fumea. Lea ; G. cequa, Lea ; G. solidula. Lea ; G. 
olivula, Lea ; G. fascinans, Lea ; G. Showalterii, Lea ; G. clausa, 
Lea ; G. crepera, Lea ; G. abscida, Anthony ; G. Vanuxemiana, 
Lea ; G. coosasensis. Lea ; G. rubicunda, Lea ; G. Haysiana, 
Lea ; G. acctata, Lea ; G. ampla. Lea ; G. mellea, Lea ; G. 
ambusta, Lea ; G. laeta. Jay ; G. harpa. Lea ; G. oliva, Lea ; G. 
proteus. Lea ; G. grisea, Anthony ; G. culta, Lea ; G. luteola, 
Lea ; G. gravida, Anthony ; G. germana, Anthony ; G. variata, 
Lea ; G. ovalis, Lea ; G. virgulatii. Lea ; G. clara, Anthony ; G. 
inflata, Haldeman ; G. fusiformis. Lea ; G. bellula. Lea ; G. 
calciiloides. Lea ; G. basalis, Lea ; G. Lewisii, Lea ; G. ellip- 
soides. Lea ; G. elUptica, Lea ; G. bullula. Lea ; G. excavata, 
Anthony ; G. purpurea. Lea ; G. quadrivittata, Lea; G. propria, 
Lea ; G. negata, Lea ; G. impressa, Lea ; G. pergrata, Lea ; G. 
capillaris, Lea. 

Euryccchrif Lea, 1864 (8 species). 

E. umbonata. Lea ; E. Midas, Lea ; E. gratiosa, Lea ; E. la- 
chryma, Anthony ; E. gibberosa. Lea ; E. nubila, Lea ; E. An- 
tlionyi, Budd ; E. crassa, Haldeman ; E. turbinata, Lea. 

Meseschiza, Lea, 1864 (1 species). 
M. Grosvenori, Lea. 

Schizostoma, Lea, 1842 (26 species). 

The species are thus arranged by Tryon, who points out that 
the genus is divisible into two groups ; the opposite species in 
the table are very neariy similar, if the nature of the fissure be 
not taken into account. 

Fissure direct, narrow, and Fissure oblique, short, and 
deep. wide. 

1. Shell striate or ridged. 

a. Shell conical, spire lengthened, sharply carinate. 

1. S. cariniferum, Anthony. 15. S. pagodum. Lea. 

2. S. castaneum, Lea. 16. S. pyramidatum, Shutt. 

17. S. Wetumpkaense, Lea. 

6. Shell conic-cylindrical, spire obtuse, not carinate. 

3. S. ovoideum, Shutt. 18. S. alabamense, Lea. 

19. S. Anthonyi, Lea. 

4. S. excisum. 20. S. babylonicum. Lea. 

c. Shell globosely-ovate, spire moderate. 

5. S. pumilum, Lea. 21. S. Buddii^ Lea. 
« 2. Shell smooth. 

d. Shell elliptic 

6. S. ellipticum, Anthony. 

7. S. laciniatum, Lea. 

e. Shell quadrately cylindrical. 

8. S. amplum, Anthony. 22. S. denissum, Anthony. 

9. S. nuculum, Anthony. 

. 23. S. constrictum. Lea. 
10. S. cylindraceum, Mighels. 24. S. salebrosum, Anthony. 

NAT. HIST. DIV. — SUP. 



Fissure direct, narrow, and 
deep. 



Fissure oblique, short, and 
wide. 



/. Shell ovate, whorls obliquely flattened, spire obtuse. 

11. S. bulbosum, Anthony. 25. S. glandulum. Lea. 

26. S. incisum, Lea. 

12. S. curtum, Mighels. 

13. S. glans, Lea. 

g. Shell globose. 

14. S. spha}ricum, Anthony. 

Anculosa, Say, 1821 (28 species). 

A. Nodulous species. A. plicata, Conrad. 

B. Sulcate. A. Showalteni, Lea ; A. canalifera. Lea. 

C. Striate. A. littorina, Haldeman ; A. costata, Anthony ; 
A. rubiginosa, Lea. 

D. Angulated. A. carinata, Brugui^re ; A. dilatata, Conrad ; 
A. corpulenta, Anthony ; A. melanoides, Conrad. 

E. Shell smooth, globose or flattened above. A. trilineata, 
Say ; A. subglobosa. Say ; A. proDrosa, Say ; A. tseniata, Gould ; 
A. Troostiana, Lea ; A. pinguis. Lea ; A. pi sum, Haldeman ; A. 
contorta, Lea ; A. vittata, Lea ; A. planospira, Anthony ; A. 
ampla, Anthony ; A. zebra, Anthony ; A. picta, Conrad ; A. 
oniata, Anthony ; A. Lewisii, Lea ; A, squaiidia. Lea ; A. hume- 
rosa, Anthony ; A. ligata, Anthony. 

If fully worked out, the geographical distribution of the 
Melaniadcc would present many interesting points. As regards 
North America, it would seem that the species there form a 
group distinct from the rest of the family as developed in other 
parts of the world, but sufficient investigation has not been' 
made to permit of this conclusion being accepted as established. 
Supposing it to be a true one, the enormous profusion of species, 
the restriction of the group almost entirely to the eastern side of 
the Rocky Mountains, the limitation of some of the minor 
groups to certain rivers, and the close interlinking or gradation 
of the species into one another where most abundant as species, 
are facts which stand out most conspicuously. This collocation 
of phenomena points to the hypothesis that the American 
species, and possibly sections of the family, have been developed 
but recently in that country ; but we require to know more 
about the extinct forms of the United States, as also about the 
species which are entombed in the delta fomuitions of the Coosa, 
Mississippi, and other rivers. Meek mentions a few species of 
Goniohasu and Melania from the middle eocene strata of Utah, 
Dakotah, and the neighbouring states ; but it is doubtful if they 
belong to these genera ; at any rate, none are identified with 
living forms. The isolation of the American species is in 
marked contrast to the wide dispersal of the species and genera 
of the old world. For instance, Melania amarula is said to 
occur in the fresh waters of Madagascar, Mauritius, and East 
Indies. M, tuberculata occurs in Lake Nyassa, in the Lake of 
Tiberias, abundantly in a seniifossil condition in the marl 
deposits on the shores of the Dead Sea, in India, in Ceylon, and, 
as a variety, in the Fiji Islands. At least nine species of the 
genus occur abundantly in New Caledonia, although in the 
other Pacific. Islands it is to all appearance comparatively rare. 
In Palestine there is a slight approach to what occurs in the 
United States, in the case of the genus Melanopsis, One species, 
M, marosa, occurs in the fossil condition, and is evidently a 
species of long standing. It is abundant in the living state in 
all the streams of Palestine, but each district has a distinct and 
peculiar variety. One variety, for instance, exists in the streams 
near Engedi and the other small watercourses which lead into 
the Dead Sea ; another occurs in the waters of Merom and in 
the Lake of Galilee. Some species are also limited to very 
small areas ; thus, M» ammonu is only known in the stream at 
Heshbon and east of Ammon ; AL costata is very abundant in 
the waters of Merom, the Lake of Galilee, and in the Upper 
Jordan, but has never been recorded from any locality soutli of 
the entrance to the Sea of Galilee ; 3/. jordanica occurs in the 
Lake of Galilee and in the Lower Jordan, but nowhere north of 
the entrance to the lake. These facts are very remarkable. He 
who can explain them will be able to narrate an interesting 
chapter in the history of molluscan life, and would render the 
dry descriptive lists pregnant with interest and meaning. Such 
a work is, however, too high for us ; we cannot attain unto it. 

(Tryon, Proc. Acad. Nat, Sci, Philad., voL for 1863, pp. 
306—321 ; vol. for 1864, pp. 24—48 ; 92—104 ; vol. for 1865, 
pp. 19 — 36 ; Lea, Observations on the Genus Unio, dc, vols, ix., 
X., and xi. ; Stimpson, Am. Joum. of Sci.y 2nd series, xxxviii., 
pp. 41—53 ; Gill, Proc. Acad, Nat. Sci. Philad., vol. for 1863, p. 
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33, et seq. ; Haldem.an, in same volume, pp. 273, 274 ; Tristram, 
Proc. Zool. Soc.for 18G5, p. 541 ; &c.) 

MELOE [E. C. vol. iii. cols. 765—766]. In the E. C. article 
a brief allusion is made to the discussion amongst entomologists 
as to the mode of development of the lan^a of Meloe, and the 
view is there taken that the larva is not parasitic upon bees. 
This subject has been investigated by M. Fabre in his pecu- 
liariy happy style, and as his researches present a clear outline 
of a ver^' remarkable episode in the life of insects, a life which 
abounds in so many striking facts, we will follow him in his 
revelations as to the development and manners of two of the 
genera of this family, viz., Sitaris and Meloe. In many of his 
observations, however, he had already been forestalled by 
Newport. 

The favourite dwelling-place of Sitaris humeralis is in the 
galleries frequented by the honey-collecting bees of the genera 
Osmia and Anthophora, These habitations are usually in some 
slope which is frequently exposed to the sunshine, such as the 
sides of a railway cutting, or amidst the crevices of a rocky 
quaiTj. Their contents are to all appearance remarkably hete- 
rogeneous, but, as will be seen, there is reason in it all. When 
one of these haunts is visited in August all seems quiet and 
deserted ; the angles are filled with spidei"s' webs, in which are 
entangled the desiccated mummies of male individuals of 
Sitaris. If we were, however, to dig a few inches into the 
bank, we should find thousands of larvao awaiting in a torpified 
condition, and enclosed in little cells formed of clay, their 
revivification in the coming spring. On continuing to give our 
attention to the place, we should ever and anon observe some 



living male of <St<am creeping amongst its dead mates, ready 
to pounce upon the first individual oi the opposite sex he can 
see leaving the galleries, with whom he elfects a union, and 
almost immediately after dies. The female disappears, and 
subsequently lays her eggs in the galleries formed and fre- 
c^uented by the bees, which task done, she also expires. Occa- 
sionally, also, a little black and white dipterous insect (Anthrax 
sinuata) glides into the galleries, lays its eggs, and dies in the 
spidei-^s meshes. But why should these things always happen 
in the vicinity of the haunt of a particular species of bee, 
Anthophora pilipes 1 An answer to this and many other ques- 
tions which we shall have occasion to put, will be given in the 
sequel. Let us examine more minutely the state of the galleries 
in August. The bank is riddled with a multitude of cir- 
cular jjerlbrations, which lead into sinuous passages connected 
with a series of chambers and cells. The first, or outermost 
set of cells, have a ditt'erent appearance from those situated at a 
lower level. This arises from the circumstance that two kinds 
of bees inhabit the same spot, viz., the Anthophora, already 
mentioned, and Osrnia tricar nis. The Anthophora appears first 
on the scene, and executes all the digging and the formation 
of galleries. When its busy time is over, and the haunt is 
quiet, the Osmia, selecting abandoned crevices and holes, gladly 
occupies the apparentlv vacated passages, and converts them 
into a system of cells by means of partitions of earth. These 
cells are grouped without any regard to regularity, in which 
respect they present a marked contrast to the well executed and 
geometrically arranged cells of A n thophora. These last are formed 
m the substance of the bank itself, and the narrow aperture 
of each is closed by a thick cover which is placed over it after 
the egg and honey have been deposited within. These cells are 
carefully smoothed and polished within, and the whole arrange- 
ment atlords a sufficient protection against the numerous 
prowling insects which enter the galleries in order to eat 
all the larvae they C£ui find. The cells of Osmia, wliich are 
protected by tliin partitions, are easily entered by such pre- 
datory enemies ; but in this genus the" larva) are aole to enve- 
lope themselves in brownish and thick-walled ovoidal cocoons. 
II a few of these cocoons be opened some will be found to 
contain the larva, not of Osmia, but of Anthrax. This larva 
begins to twist and roll itself about at the slightest touch ; so 
that its presence may be detected before opening the cocoon by 
the noise of its body rolling and striking a<jainst the inside of 
the cocoon. Its cephalic extremity is armed with a six-spiked 
battering-ram apparatus, and the dorsal aspects of the four 
anterior abdominal segments are armed with double rows of 
hooks. A further search tells us that some of the larvte iu-e 
on the point of escaping from the galleries, but in these 
individuals the cephalic portion is split, and from the fissure 
there protrudes the perfect Anthrax sinuata, which is quite 
unable of itself to cut its way through the cocoon, and to pierce 
through the tough clay, which can be penetrated with difliculty | 



only, even "by means of a pick-axe. This labour must be 
performed by the larva, which is well-organised for its task, 
and immediately the work is over the tools are discarded. By 
iligging farther into the bank the cells of Anthophora are 
reached. These present various aspects. Some probably were 
formed in the preceding May, and contain larvaa ; others, of 
greater age, are occupied by the perfect insect, which will pass 
the winter in this prison ; yet othei-s, as numerous as the fore- 
going, contain a parasitical hymenopterous insect, Mel^cta ar- 
mata, also in the perfect state ; and yet a fourth set contain a 
remarkable ovoid cocoon, divided into segments, provided with 
stigmatic protuberances, exceedingly fragile, and of such a 
translucent amber colour that there can be distinctly seen 
within it a fully developed Sitaris humeralis. The union of the 
sexes at the entrance of the galleries, and the deposition of the 
eggs at the entrance of the same by the females, undoubtedly has 
a direct relation to the occurrence of these larva) ; but how could 
these latter attain the position in which they are found? and 
how is it that the Sitans is enveloped in a cocoon, seeing that 
cocoons are not known to be formed by any of the Coleoptcra ? 
Can it be that the Sitans is parasitic within a chrysalis, which 
is itself parasitic on the lar\'a of Anthophora ? In such case, 
then, how could the Sitaris get inside the cell of Anthophora, 
which shows no trace whatever of having been injured or 
penetrated ?— not a cranny nor hole can be seen in it even by 
the assistance of a lens. These are questions which Fabi-e put 
to himself, and, as he tells us, their solution consumed three years. 
In the first year he collected a multitude of the enigmatical 
cocoons of the adult Sitaris, and observed, at his leisure, the 
escape of the insects therefrom, as also the subsequent union of 
the sexes, and deposition of eggs. The rupture of the cocoon is 
easily effected bv a few blows with the mandibles and a few 
kicks with the legs. Copulation occurs immediately after the 
escape of the female. The early carrying out of this function 
is essentially necessary to the preservation of the species. After 
it has been etiected both individuals smooth their feet and 
antennae by drawing them through their mandibles, and then 
each goes its way. The male retires to a dark comer, languishes 
for two or thi-ee days, and dies. The female lays her eggs within 
the galleries, and dies on the spot. Hence we have an ex- 
planation of the crowds of dead males in the spiders' webs 
near the haunts of Anthophora, The adults never wander from 
these localities ; they are never met with creeping about flowers 
or grasses ; but all their duties are performed in the spots just 
noticed, and apparently nowhe^:e else. They possess a digestive 
appamtus in a normad state of development, but according to 
iabre not a particle of food is eaten by them as adults. The 
fecundated females are very particular where they lay their 
eggs, rmming about in great anxietv until they find a suitable 
spot. The eggs are not, as might be supposed, placed within 
the larva of Anthophora. one in each cell. In ORler to satisfy 
himself on this point, Faore introduced a fecundated female into a 
large flask containing a clod of earth in which were numerous 
cells of Anthophora. On the under side of the cork was scooped 
a cylindrical canal, open at one end, but closed at the other, the 
bore of which was the same as the diameter of the galleries of 
Anthophora. In order to facilitate ingress into this canal the 
flask was laid in a horizontal position. The female, whose 
locomotion was much impeded by its heavy egg-laden body, 
examined every comer of its new abode, and felt every- 
thing with its feelers. After half an hour's careful search and 
tapping, the abdomen was thrust into the horizontal tube above- 
mentioned, the fore part of the body projecting beyond its 
aperture. In this position it remained quite motionless for 36 
hours, during the whole of which time it kept up a constant 
exclusion of eggs at the rate of one per minute. No cessation 
was detected in the ovi-position during the hours of watching, 
so that it would appear that a single individual will lay upwards 
of 2000 eggs. The eggs are oval in form, white in colour, and 
very minute in size. They are loosely cemented together, and 
are thrown do^vn in an irregular heap. This great profusion of 
eggs, Fabre observes, implies that the offspring are liable to 
many sources of destruction, and that so great a number is 
required to secure the survival of as many as >vill maintain 
the species in sufticient abundance. Thus enlightened he sought 
for the eggs in the galleries of Anthophora in their natural posi- 
tion, and invariably found the small heap of white eggs within 
one or two inclies of the external orifices of the galleries. The 
eggs are not protected in any way, but are left exposed to the 
cold of winter, and the voracious appetites of spiders, acari, and 
other creatures which habitually traverse these passages, and 
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wliicli would certainly not refrain from destroying all the egga 
that came in their way. Great fecundity is necessary to counter- 
halance the destruction to which the eggs are liable. The eggs 
are hatched about a month after having been laid, that is, 
towards the confines of September and October. Once liberated, 
it might be thought the larva? would crawl away, and disperse 
themselves in all directions, in order to gain access to the cells 
of AnthopJwra. Such is not the case. They remain on the 
spot amidst the broken eggshells which formerly enveloped 
them, although they have powerful legs. Nothing will tempt 
them to move. Even dra^ving a needle through their midst only 
causes a little temporary kicking and wriggling. If one is touched 
it draws back, endeavouring to protect itself behind the others. 
These lan^ae, which are designated primitive larva}, or those which 
are in their first stajje of development, are described as being rather 
less than *039 incn in lengtn. They have a tough, leathery 
integument, and a shiny, blackish green colour. In shape they 
are convex above, flat below, and elongate, the diameter gradually 
increasing from the head to the hinder margin of the metathorax, 
and then rapidly diminishing. The head is rather longer than 
wide, slightly enlarged towards its base, reddish towards the 
mouth, and more deeply tinted towards the ocelli. The labnim 
forms the segment of a circle, is reddish in colour, and is fringed 
with a few strong short cilia. The mandibles are powerful, red, 
curred, sharp, and touch without crossing when not in use. The 
maxillaiy palpi are moderately long, and composed of two 
cylindrical, equal articulations ; the outermost terminates in 
a short cilium. The jaws and lower lip are too indistinct for 
definite description. The antennae consist of two cylindrical 
articulations, are slightly spaced apart, and are nearly of the 
same length as the palpi ; the last articulation supports a long 
bristle three times the length of the head, and which tapers to 
a point almost invisible with the lens. Behind the base of each 
antenna are two unequal ocelli in close contiguitv. The thoracic 
segments are co-eqiial in length, but gradually widen from 
before to behind. The prothorax is much wider than the head, 
but much narrower anteriorly than posteriorly. The feet are 
of moderate length, of considerable robustness, and terminate 
in a very mobile, sharp, long, and powerful claw. On the 
thigh of each foot is a long bristle similar to those on the an- 
tennae, almost as long as the leg itself, and directed perpendicu- 
larly to the plane of locomotion when the animal is progressing. 
There are also some stout cilia on the legs. The abdomen con- 
sists of nine segments, which do not materially differ from one 
another in length, but are not so long as those of the thorax, and 
rapidly diminish in width. On the under side of the membra- 
nous connection between the eighth and ninth segments are two 
slightly curved, short but strong, sharp, and hard pointed pro- 
cesses,'one on either side of the median line. By adequate 
means these can be made to interlock. The ninth segment car- 
ries on its outer margin two long bristles like those on the feet, 
and having a downward curve. Beyond this is the fleshy anal 
papilla. When at rest the various segments overlap, but when 
marching they are drawn apart, more especially those of the 
abdomen, and the membranous connections occuj^y as much 
space as the homy arches. At the same time the anal segment is 
drawn out telescopically from the eighth, as from a sheath ; 
the anus itself is pinched out into a longer papilla ; and the two 
points of the penultimate ring are slowly erected, then suddenly 
depressed so as to give a spring-like push. When ready this 
larva is able to make its way along the smoothest surface. For 
this purpose the last segment and tlie anal papilla are bent down 
at right angles with the axis of the body, and the anus is applied 
to the surface of support, upon which it drops a hyaline and 
thready fluid which glues the larva down, supported on a kind 
of tripod formed by the anal papilla and the two bristles of the 
last segment. If it should be on a glass slide, the slide may be 
tilted at all angles, turned upside down, and even filliped sharply 
with the nail without causing its fall, secured as it is by the 
sticky fluid. If an attempt be made to jerk it off it arches its 
abdomen, clutches at everything it can with its long nails, and 
digs the processes beneath the eighth segment downwards, then 
contracts the abdominal segments together, thus drawing the 
hindemiost parts for^vard, when it again makes the two processes 
a fulcrum, and repeats these curious manoeuvres. In the midst of 
these movements the long bristles trail along, materially imped- 
ing progress by their length and elasticity. Fabre states that 
JJature never allows the smallest or least organized of her 
organic works to be hampered with organs which are inconve- 
nient or injurious, so that it is clear that walking on a smooth 
or even a rough level hard surface is not the usual habit of this 



creature. Its whole oi-ganization adapts it to retain a firm hold 
on some body which is in constant motion, and which subjects 
the larva to sudden shocks. But what body can it be which is 
so mobile, so vacillating, and so difficult to remain on, as to be 
specially adapted for the larval Sikiris ? In order to solve this 
question he was obliged to wait till the following spring. The 
spring came and he used every endeavour to find out, but the 
enigma remained undiscovered, and he had to wait another year. 
The observations made in the spring were, however, not witnout 
instruction. Towards the end of April the young larvae in the 
flask, hitherto motionless, and concealed in the spongy heap of 
broken eggs, began to run about. From their rapid and constant 
movements it was easy to perceive that they were in eager 
search for something. What could this be but Ibod ? They had 
retained a weak vitality for seven months, but during the whole 
of that time had taken no nourishment. No wonder they were 
spurred on by imperious hunger. And this nourishment must, 
it may be thought, be nothing else than the contents of the celh 
of Anthophora. Impressed with this idea Fabre offered his 
imprisoned larvcc the cells of Anthophora^ some occupied by the 
larvoQ of the bee, and others by those o( Anthrax; some were 
opened, and some were left closed so as to imitate the condition 
of things observed in the bank in the autumn. Some of the 
larvae of Sitaris were placed in the cells, on the flanks of the 
hymenopterous larvae, and under everj^ conceivable circumstance 
that would be likely to induce them to eat. Every contrivance 
failed. The Sitaris l&xvte would touch nothing. Honey was 
tried, but as none formed or collected by this particular species 
of Anthoph<yra could be obtained, other kinds of honey were 
tried, but no good result followed. All through May he searched 
for the cells of Anthophora, and at last he found a few which had 
been recently closed up. They were full of a blackish, fluid honey, 
having a most nauseous odour, on the surface of which rested a 
hymenopterous larva recently hatched. He withdrew the larva 
with every care and placed a young Sitaris in its j)lace. In 
other cells two or more young individuals were placed on the 
honey; and in others the young of S'l^am were placed within with- 
out taking out the hymenopterous larva. Then all the cells were 
enclosed in a glass tube where the 5^i7ar/> larvae could be watched 
enjoying their repast without being inconvenienced. The watch- 
ing was of no avail, for no banquet took place. Those which had 
been placed near the mouth of the cells did not attempt to reach 
the honey, but did all they could to escape from the glass tube. 
Those wliich had been placed near the honey got their legs 
entangled with it, wliich only embarrassed them, causing them 
to iall into the fluid ; and those which had been placed on 
the honey died in convulsions and by suffocation. "Never," 
cries Fabre, " did experiment ever fail so completely. Larvae, 
nymphs, ceRs, honey, everything has been offered to you ; what 
can you want, you plaguey little brutes?" In despair he re- 
sorted to a locality where Anthophora was- known to be abun- 
dant, but the work of the year was over, and he was compelled 
to wait as patiently as his enthusiasm would allow for another 
twelve months. When these had elapsed his captive larva) of 
Sitaris were again in restless commotion. Acting upon a hint 
derived from observations made by Newport on Meloe, he cap- 
tured the first individual of the genus Osmia which he saw and 
thrust it into his glass flask containing Sitaris, In the course of 
a few minutes he examined the Osmia with a lens and discovered 
five larva) of Sitaris adhering to the down on its thorax. This 
then seemed to settle the question ; and it was confirmed by his 
placing a number of the Sitaris larvae in the flowers near his 
windows. He repeatedly found that these larvae attached them- 
selves to the thorax of the down-covered Hymenopteraj and in 
several instances to that part of the body of male individuals of 
Anthophora, He hastened to repeat these observations at the 
galleries in the bank. At first he had misgivings as to the 
value of the experiments, since the first few days of his visit 
were cold and rainy ; and no hymenopterous insects appeared on 
the few spring flowei-s which had expimdcd. At the entrance of 
the galleries he one day found some specimens of Anthophora in 
a motionless torpid state. As he took them up one after the 
other to examine them with a leas, he was delighted to find one or 
more larvae of Sitaris on the thorax of each one. He went to 
other galleries, but the result was the same in all. He describes 
this as one of the happiest moments of his life, since he found 
that for which he had been seeking for years. The succeeding 
days were warm and calm ; the individuals of Anthophora 
quitted their retreats in order to roam over the fields and revel 
amongst the flowers. He caught specimens as they flew way- 
ward ly from plant to plant, either in the neighbourhood of their 
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birth-place, or many miles therefrom, but in very few instances 
did he fail to find one or more larva) of Sitaris on the thorax. In 
localities where Sitaris is abundant scarcely a single Anthophora 
is without its parasite ; but in distncts where it is rare it is the 
exception for Anthophora to be infested with them. He further 
notices that on examining the galleries where the heaps of 
Sitaris larvD9 were known to occur, some days after the appear- 
ance of Anthophora the little heaps were found to have disap- 
peared. From this it is clear that when the individuals of 
Anthophora burst the cells and run through the galleries to fly 
into the air, the little parasites running eagerly about imder some 
powerful instinctive feeling, must have buned themselves in the fur 
of the Anthophora! just as they were about to take wing, or just as 
they had alighted after a flight ; and having done so they cling 
on so firmly by the means above indicated, as will eft'ectualiy pre- 
vent their easy dislodgement. They usually have a position 
perpendicular to the body of the Anthophora, being glued to a 
hair by the sticky fluid wnich they exude, and having the head 
directed downwards. In this position each remains motionless, 
never attempting to derive nutriment by gnawing the hair, nor 
wandering over the skin for the purpose of sucking through it 
the juices of the body. The parasites generally select the thorax, 
which is the hardest, not the thinnest, part of the bee's body, but 
occasionally it takes up a place on its head. As further indica- 
tions that the parasites do not subsist on the substance of their 
hosts, it may be observed that they retain their position long 
after the death of the bee should they not have succeeded in 
transferring themselves to a more suitable place ; and that their 
jaws are not adapted for gnawing the down. The mandibles, it 
is true, are sharp and curved, but they would not be adequate to 
eroding or bruising the down, however well they may serve for 
piercing. Moreover, the individuals of Anthophora manifest no 
uneasiness at their presence, nor endeavour to dislodge them. 
Everything tends to show that this position is temporary, and 
one step in the complicated manoeuvres requisite for the Sitaris 
to find its way into the cells of A ntliophora. The parasites retain 
their hold in spite of the rapid flight of the bees, the friction of 
their bodies against the walls of tne galleries, and the occasional 
passage of the feet of the bees through the mandibles for the pur- 
pose of cleaning them. This, then, is the body so moveable, so 
vacillating, and so full of danger on which the Sitaris is orga- 
nized to dwell. This body is the hair of a hymenopterous 
insect which executes a thousand varied motions, which now 
plunges headlong into its galleries, anon forces ita way through 
the nan'ow corolla of a plant, and when at rest busies itself in 
divesting its down of tlie dusty particles that have clung to it. 
The special use of the clasping processes for embracing the hair, 
of the drop of tcnaceous fluid for adhering more firmly in the 
case of a sudden downward jerk, of the long elastic bristles for 
anchoring the larva amongst the down, now seems to be clear. 
Eveiy portion of the organism is manifestly conducive to the 
benefit of the species. 

The parasites are, however, still far from having reached their 
final destination. As yet all the specimens found as parasites by 
Fabre were restricted to the male individuals of Anthophora. 
This restriction in the earlier spring months is explained by the 
circumstance that the males are liberated one month before the 
females, so that by the time the latter are released most of the 
individuals of Sitaris have either perished or found temporary 
quarters. Another remarkable circumstance is that the Sitans 
is not foimd on the males of Osmia tricomis, which frequent the 
same galleries as Anthophora^ and are freed earlier than the 
males of that genus. But this is apparently accounted for by 
the fact that the Sitaris larvie do not assume their active condi- 
tion until the first appearance of Anthophora, If, when in this 
state, they are placea in flasks along with almost any <lo^vny 
hymenopterous insect, they manifest no preference for Antho- 
pJwra, but attach themselves to any. Although at first restricted 
to the males of Anthophora pilipes, it is essential that the para- 
sites should be transferred to the females, since the males take no 
direct share in laying the eggs or in constructing the cells, such 
work belonging entirely to the females. There is little doubt 
that the transfer of the parasite takes place during the imion 
ol the sexes. Fabre conducted several experiments with 
a view to confirming this supposition, the result of which 
was to show that whenever the males were held in contact 
with the females the parasites almost invariably left the former 
and crept on to the latter. Not satisfied with this Fabre 
determined on endeavouring to see the transfer under 
natural circumstances. For this purpose he went to a locality 
where this species of Anthophora was abundant, towawls the end 



of May. Having removed a layer of earth, he came upon a 
swarm of bees, which was roused into intense activity by the 
flood of light and heat which the sunshine poured upon it. It 
formed a cloud of insects some feet deep and of considerable 
longitudinal dimensions. From the tumultuous bosom of the 
cloud there issued a monotonous menacing murmur, while the 
eye wandered without the power of fixing itself on anything, so 
great was the commotion. With amazing mpidity thousands of 
Antlwphorce would alight at the same moment, and other thou- 
sands would fly off to wander amidst the flowery meadows ; 
by-and-by these woidd come back, some bearing loads of honey, 
and others loads of mortar. Amidst all this incessant fluctua- 
tion of numbers, the apparent size of the swarm did not materi- 
ally vary. A short time before this, M. Fabre had essayed to 
watch closely the habits of a swarm of wasps {Vespa crahro), 
which the wasps resented by severely stinging him. At the 
sight, then, of this enormous concourse of Anthophora: a cold 
shiver crept over him, as he was apprehensive that his temerity 
would be rewarded by thousands of darts being thrust into him. 
And yet, he remai'ks, it was necessary to penetrate the for- 
midable swarm, in order to throw every possible light on the 
questions he wished to answer. He determined, then, to over- 
haul the nests, and with lens in hand to watch as long and as 
patiently as possible, in order to discover what happened in the 
formation, the re-filling, and closure of the cells. The use of 
masks and gauntlets was impracticable, since it was necessary 
to retain his manipulative powers, and to bring his eye close to 
the lens. A few sweeps with a net enabled nim to capture a 
few individuals which were about to depart, and a few which 
had iust arrived. An examination of these showed that all the 
females had one or more specimens of Sitaris parasitic on the 
thorax. The circumstances, then, were favourable for closer 
observation. After arranging his clothes so as to leave as few 
unprotected parts as possible, he dealt a few blows of the pick- 
axe in the midst of the swarm, which elicited a crescendo note of 
a threatening character, and soon secuied a lar^e clod of earth. 
The bees, however, did not attack him, and as the clod of earth 
only contained the cells of Osmia, a second sortie was required. 
This was longer and more leisurely performed than the first, yet 
the bees did not venture to attack him. Emboldened by this, 
he stood in front of the nests, detaching lumps of earth, thus 
causing great disorder by spilling the honey, bruising the larvae, 
and crushing the bees in their nests. All this only caused a 
deeper tone in the constant murmur, without provoking any 
hostile demonstration. The undisturbed Anthoplwrce confined 
their attention to their ordinary work as though no unusual 
occurrence was in operation. Those whose dwellings had been 
damaged hastened to repair them, and those which had lost their 
homes were uneasy at their misfortunes. These bees, then, do 
not know how to combine together to beat off a common foe, 
and the individual does not attempt to retaliate unless it is 
especially assaulted. Owing to this pacific mood, Fabre was 
able to pursue his researches leisurely for hours, seated on a 
stone in the midst of the swarm, without receiving a single 
sting, although no precautions were taken against attack. Tfiie 
people of the countr}' Mieved that Fabre was engaged in 
sorcery, and looked upon his tubes, forceps, and other articles as 
the instruments by which his evil devices were effected. On 
examining the cells, some were open and contained an incom- 
plete supply of honey. Others were sealed up v\dth a little pellet 
of clay. The contents of the latter were variable. Sometimes 
it was a hymenopterous larva which had nearly finished its store 
of food ; sometimes it was a white larva, like the foregoing, but 
more ventricose and differently shaped ; and, lastly, it was 
sometimes an egg floating on the surface of honey. The honey 
is fluid, sticky, brownish, ajid of an exceedingly disagreeable 
odour. The egg is beautifully white, cylindrical, curved, and 
about the sixth of an inch in length, while the width does not 
exceed the ^Uh part of an inch. This is the egg of Anthophora,, 
In some cells this eg'g only is on the honey, but in many of 
them a larva of Sitaris, of the kind already described, is perched 
on the egg as on a raft. Here, then, is the enemy in its 
chamber, but how did it get there ? There is not the slightest 
fissure in the cell by which it could gain access, so that it must 
have got in before the cell was closed up. Those which contain 
honey, but no egg, are free from the parasite. Hence the ingress 
occurs either during the deposition of the egg, or immediately 
after, and before the cell is sealed up. Experiment, much less 
direct observation, affords no means of deciding which supposi- 
tion is the correct one, but a careful consideration of the circum- 
stances of the case would incline one to decide in favour of that 
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which assigns the ingi'ess to the period when the egg is being 
laid on the honey. Experiment, however, indicates that the 
parasite dreads the contact of the honey, and if it should become 
entangled in it, it perishes. If the larva is placed on the wall or 
edge of a cell containing honey floating an egg, it cannot reach 
the Qgg. The parasite must then pass directly from the bee on to 
the egg, and there is scarcely any other available moment except 
that when oviposition occurs. Repeated observation demon- 
strates that one Sitaris only gets on to an egg, although the bee 
may harbour several. Considering how long they have been 
without food, and how ardently they must be watching the 
opportunity to poimce on to the egg, how is it that several larv£B 
do not make a scramble, and how is it they penetrate one by 
one into the cells in the most orderly way ? Almost the only 
explanation that will satisfy these conditions is that the parasitic 
larva) run to the egg as it is half excluded, the size of which is 
ample for one, but insufficient for two ; so that one only can 
succeed in getting on. The female Anthophora having placed 
her own progeny in the same cell with the enemy of her young, 
proceeds to cover ujj the cell ; and then renews the same work. 
On opening the cells which have just been completed, the Sitaris 
larva is to be seen supported on the bee's egg. It is not long 
before the dark larva, liaving ceased its exploration of the egg, 
settles down with its legs spread out, and pierces the egg with 
its sharp mandibles. Then by jumping violently on it he bursts 
the outermost membranes, and greedily devours the fluid which 
exudes. The real food of the larv^a is the honey, and the de- 
struction of the larva is considered bv Fabre as a precaution, 
since there is not sufficient honey for the two larva3. When the 
contents of the egg are disposed of, the laiTa remains on the 
collapsed membrane for days, sometimes lying motionless, and 
sometimes running about, but very careful not to touch the 
honey. It is curious how strong the impulse is which induces 
the larva to destroy the egg. Ii, for example, a larva is placed 
on a scrap of paper, which answers the purposes of a raft quite 
as well as the egg, it runs over its surface, but not finding it 
to answer some ui-gent want, it makes every effort to escape, 
and, falling 'nto the honey, is suffocated. If, again, a larva is 
placed by artificial means on to an egg of Anthophora, it soon 
recognises it as a suitable resting-place, and takes up its quarters 
contentedly. The egg, then, supplies an essential want, and 
this fact accounts for the failures which M. Fabre had pre- 
viously experienced in finding suitable food for them. At the 
end of eight days the egg is reduced to a dry pellicle, and the 
lar\'al Sitaris Kas increased to twice its original proj)ortions. 
The membrane along its back splits, and through the fissure is 
pushed the head and three thoracic segments of the second 
larval stage. By-and-by, a little white larva makes its full 
appearance, tumbles over on to the honey, and from thence 
derives its future nourishment. The moult is left on the dried- 
up egg membrane. The second laiTa is '078 inch in length, of 
a flattened oval form, and of a milky-white colour. Its skin is 
so transparent that a lens enables us to see its digestive tube 
filled with honey. It has a deep boat-shaped ventral arch, and 
a flat dorsal arcn, the stigmata or respiratory apertures being so 
situated that when the larva floats on the honey, for which its form 
admirably fits it, these apertures are raised so high as to be 
quite free from any danger of being choked up. When the time 
arrives for it to take up its abode on honey, its organization is 
adapted for the position. The larva rapidly increases in size, 
and soon disposes of its stock of honey. But the larvae of Antho- 
phora, when left in possession, gets through it much quicker. 
jBy the 25th of June, the latter have consumed the honey, while 
Sitaris larva) have not acquired more than half their full size, 
and have a large proportion of the honey still beneath them. The 
Sitaris requires thirty-five days for its repast, while the Antho- 
phora finishes it in about a fortnight. In the first fortnight of 
July the Sitaris larva acquires its full size, and is situated at the 
bottom of the empty cell, along with a heap of reddish excreta. 
At this period it is white, soft, about half an inch in length, and 
one quarter of an inch in its greatest width. When on the 
honey it is buoyed up by its excessively protuberant abdominal 
region, so that m this case corpulency is of the highest advan- 
tage to the owner. There are thirteen segments, including the 
head, which is li^ht-coloured, soft, and very small relatively to 
the size of the body. The antenna) are short, and consist of two 
joints. No eyes are perceptible, and are not required, although 
in an earlier stage, when sight must be an advantage, there are 
four ocelli. The labrum is prominent, not distinctly marked off 
from the head, curved in front, and fringed with pale slender 
cilia. The mandibles are small, reddish at the tips, obtuse, and 



excavated on the inner side into the shape of a spoon. Below 
the mandibles is a fleshy lobe, with two very small papillce, 
which is the lower labrum with its two palpi. It is flanked on 
either side by two other fleshy projections, each provided with a 
rudimentary palpus ; these fomi the future iaws. The whole 
buccal apparatus is incapable of motion, and the parts are so 
rudimentary as to render their description difficult. The labrum 
and the complex lobe formed by the lip and jaws are separated 
by a fissure, in which the mandibles play. The legs are mere 
rudiments, and are formed of three small cylindriciil segments. 
The animal is unable to use them on the honey, and still less so 
on a solid surface, for when placed on such a surface the pro- 
tuberant stomach prevents the feet from touching the basis of 
support. In such a situation it remains almost motionless, the 
nearest approach to locomotion being feeble wriggling, effected 
by weak abdominal flexions. The feet are not moved, and if 
they were would not assist the animal to stir. There are nine 
pairs of stigmata, one on the mesothorax, and the remainder on 
the eight anterior abdominal segments. The last pair consists of 
minute and rudimentary stigmata. The first larva is adapted 
for acting, and getting possession of the coveted cell ; the second 
is adapted for digesting its contents when acquired. The 
alimentaiy canal is precisely like that of the adult Sitaris, which, 
however, takes no nourishment. In both, the ccsophagus is 
short, both have a chylific ventricle, which is empty in the 
perfect insect, but distended with an orange-coloured paste in 
the larva ; in both there are four biliary vessels, which are 
attached to the rectum by one extremity. Neither have salivary 
glands, or any or^an analogous to them. The fatty tissue is 
lonned of lai^e white lobules ; the nervous system consists of 
eleven ganglia, not reckoning the ccsophageal collar, while in 
the perfect insect there are only seven ganglia, tliree being 
situated in the thorax, and four in the abdomen. When aU 
the provisions are exhausted, the larva remains stationary for 
a few days, dischai'gin^ reddish ejectamenta, until the diges- 
tive tube is emptied. Then the animal contracts and gathers 
itself so as to detach its body from the outer skin. Thus enveloped 
in a closed epidermic sac of great tenuity and transparency, it 
undergoes a further change of fonu. The case is so transparent 
that the animal can be seen within it. All the external organs 
are presented in form in the outer or detached skin of the second 
larva) ; the head, the antenna), the mandible, the palpi, the 
thoi-acic segments with their rudimentary feet, the abdomen 
with its line of stigmatic orifices — all are preserved in the moult 
as clearly as they would be in a cast. Within this envelope, 
which will scarcely resist the touch of a feather, is a soft white 
mass which soon acquires firmness of texture, and a silvery fawn 
colour. Breaking the envelope we see the third larval stage. 
It is an inert, segmented body, of an oval outline, homy con- 
sistence, similar to that of pupa) and chrj^salides, and of the 
colour above described, which may be likened to that of certain 
jujubes. Its upper or dorsal surface is a doubly inclined plane 
with a smooth ridge, or like the anticlinal arch of the geologist ; 
the ventral surface is flat at first, but owing to evaporation it 
becomes concave. The length U about half an inch, and the 
width about one-fourth of an inch. At the cephalic end is a 
kind of mask, rudely modelled to the form of the larva's head ; 
and at the opposite extremity is a small circular disk, with a 
deep depression in the centre. Each of the three segments which 
immediately follow the head have a pair of small pimples which 
represent the feet. Along the sides are nine stigmata, situated 
as in the second larva. Each stage in the development seems to 
result in a simplification of the organism ; and Fabre says that 
the conditions here designated the primitive larva, the second 
larva, and that which has just been described have hitherto been 
unknown amongst Coleopt^ra, or even in the whole class of 
insects. If, he observes, this last stage resembles, on the one 
hand, the pupa of Divtera in its homy substance, the immobility 
of its segments, the almost entire absence of modelling indicative 
of the regions in the perfect insect, it is analogous, on the other, 
to the chrysalis, since the animal before reaching this stage is 
obliged to cast its skin. It diffiers from the pupa, since its 
covering is not the superficial homy integument of the larva, 
but a more internal membrane ; and it differs from the chrysalis 
in not having the bold sculpturing which maps out the future 
appendages. It differs still more profoundly from both pupa 
and chiysalis, inasmuch as it changes into a larva like that from 
which it originated, and not into the perfect insect. A new 
organization requires a new name, and Fabre caUs it pseudo- 
chrysalis; while the larva into which it is developed is termed 
the third larva. The pseudo-chrysalis remains stationary for 



^fc— #- ■ ■ ■ ■■ 



635 



MELOE. 



MELOE. 



636 



many months, and presents the same internal organization as the 
second larva. Some individuals of Sitaris, however, pass a 
month only in the pseudo-chrysalis stage, and become perfect 
insects in September; but most of them retain this condition 
throughout the winter, completing their transformations in the 
following June. No material alteration takes place in its ex- 
ternal portion, but great changes are effected internally. When 
in the collapsed state of its ventral surface, already referred to, a 
cross section woidd have the form of a spherical triangle. In 
the spring the collapsed condition is lost ; it swells out into an 
ellipsoidal ball, as though it were being blown out. The horny 
integuments of the pseudo-chiysalis are detached in their entirety 
from their contents without any rupture occurring, just as hap- 
pened before -with the skin of the second larva. Thus is formed a 
new envelope, having no connection with its contents, and which is 
itself enclosed in a case which was originally the skin of the second 
larva. There are two closed sacs, one within the other. The outer- 
most is transparent, flexible, colourless, and of the utmost deli- 
cacy ; the second is almost as flimsy as the first, but less trans- 
lucent, owing to its fulvous colour, which gives it the appearance 
of a thin lamina of amber. On the second sac can be seen the 
stigmatic ridges, the thoracic buttons, &c., which were perceptible 
in the pseudo-chrysalis. Within this last can be seen a something 
which looks like a reflected image of the second larva, and the 
removal of the envelope shows that there is such a close resem- 
blance that the third larva may be described in almost the same 
words as the second. There are differences, but they are very 
slight. The third larva has a much flatter ventral surface, due 
to the digestive cavity not being distended ; it has a double row 
of fleshy cushions along each flank ; the margins of the stigmata 
are slightly prominent; the orifices on the eight abdominal 
segments are as large as in the others, not rudimentary, as in 
the second larva, and the mandibles are sharply pointed. When 
removed from this double enclosure the third lar\'a bends its 
body about somewhat more energetically than the second, but 
its feet are still of no service as locomotive organs. By means 
of the slow contractions and dilatations of its abdominal seg- 
ments it is able to turn over in its cocoon-like prison, so as to 
reverse the position of the head. This operation takes about a 
quarter of an hour to perform. What the object or purpose of 
this manoeuvre may be has not been ascertained. Two days 
after this it becomes as torpid as the pseudo-chrysalis, although 
no apparent change in the organization has occurred. This tor- 
pidity is interrupted during the assumption of the pupa stages, 
out recurs again until thrown off when the pupa passes into the 
perfect beetle. The reversed position is maintained throughout, 
and, to one who has not witnessed the change of position, the 
phenomenon appears inexplicable, owing to the prolonged tor- 
pidity of the organism in its later phases. This inversion, 
however, is only found in the pseudo-chrj'salides which have 
been kept in an abnormal position, as in a bottle. It is not 
observed in those pseudo-chrj^salides which have not been re- 
moved from the cells of Anthophora in the nest ; since in 
these the second larva takes up the proper position at once, 
whereas in the bottle Fabre paid no attention to the correct 
relative positions. The changes which are passed through by 
the third larva are the same as are experienced by most cole- 
opterous insects. The pupa is only the perfect insect swaddled 
lip with the attached limbs and antennae as limpid as crystal, 
tucked up underneath the body. Some weeks elapse before the 
livery of the adult is assumed, and in about a month it under- 
goes the last metamorphosis. The elytra and wings of the pupa 
are of a uniform yellowish white, while the abdomen, the larger 
portion of the feet, and nearly all the rest of tlie body become a 
shiny black. In the course of twenty-four hours the elytra 
acqiure their black and white particolouring, and the wings 
become darker. For a fortnight after this the perfect beetle 
remains in the cocoon, discharging little patches of uric acid. 
Towards the middle of August it bursts the double envelope 
around it, pierces the lid of the cell of Antlwphora, nms into 
the galleries, and cames on an active search for individuals of 
the opposite sex. 

The life history of Meloe cicatricosus has not been so fully 
studied, but many of the gaps can be conjecturally supplied by 
reference to what occurs in Sitaris, as narrated above. The 
same mason bee, Anthophora pilipesy at whose expense Sitaris 
humeralis is supported, also nourishes the alx)ve-mentioned 
species of Mtloe in its cellules, but the Meloe is rare as com- 
pared with Sitaris, This Meloe is also foimd in the nests of 
Anthophora rettcsa. But although Ibund in the dwellings of the 
bees under the same circumstances as Sitaris, the perfect females 



were not observed by Fabre to lay their eggs just within the 
entrance to the galleries. From the testimony of other observers, 
such as Godart, De Geer, and Newport, the eggs are deposited on 
the soil, generally on some place where it is dry and exposed 
to the sunshine. The female digs a hole about two inches deep, 
wherein a little heap of eggs are placed, and the hole covered up 
again. This oviposition is repeated three or four times during 
the season, an interval of a few days occurring between the lay- 
ing of each batch of eggs, and a fresh hole being dug on each 
occasion. This occurs during April and May. The nimiber of 
eggs yielded by each female is extraordinary. The first deposi- 
tion is the largest, and in the case of M. proscarabceus consists of 
upwards of 4000 eggs. The eggs of Sitaris are to all appearance 
placed in as dangerous a spot as could be selected, and since the 
fecundity of Meloe so much exceeds that of Sitaris, the young of 
Meloe are probably exposed to still greater dangers, and the 
increased fecundity is proporfioned to the greater chance of 
destruction. The eggs are natched in May or June, from 20 to 
36 days after the laying, the time varying according to the cha- 
nicter of the season. On the average, the hatching time pro- 
bably lasts a month, wliicli nearly corresponds with the time 
required for the same purpose by Sitaris. But the Meloe larva 
appears when it can at once commence its search for the mason 
bee, without having to undei^o the long preliminary deprivation 
of food experienced by Sitaris; and that it soon effects its object 
is evident, since it may be frequently met with as a little yellow 
parasite on the down of bees in spring. How does it contrive to 
transfer itself from the hole in the ground to the body of a 
hymenopterous insect ? Newport believes they crawl up the 
plants in the vicinity, more especially those belonging to the 
Cichoraccce, conceal themselves amidst the petals, where they 
await the vLsit of insects. Some authors consider that they 
select certain species and reject others, but Fabre thinks they 
will cling to any insect that has a sufficiently downy covering, 
the more so since they have been detected on a great many 
species of widely diiferent habits and affinities. He thinks that 
in taking so many different conveyances the Meloes are able in 
most cases to reach their destination, namely, a cell full of honey, 
since nearly all the insects on which they occur collect honey. 
It has been found on the males of Nomada fxdvicomis, a dipterous 
insect which does not collect honev. But if, as is believed, this 
insect is parasitic upon honey-collecting bees, the Meloe may 
succeed even in such cases at getting into the honey jars. But a 
similar explanation will not apply in all cases. Thus young 
Meloes ha\'e been discovered on the down of Scolia hcemorrha- 
clilis and S. quadripunctata, which in the larval condition feed 
on animals on which the female originally laid its eggs. In 
such case the voung Meloes would seem to have missed the mark. 
So, again, they have been seen on Eristalis intricarius, which 
in its earlier phases is aquatic in its habits. Of a similar import 
is the experiment by Newport, in which he plunged a specimen 
of MalachiiLS bipustulatus into a jar containing some hundreds of 
young Meloes, which was so invested by the latter as to be deprived 
of the power of moving. It is probable, then, that a consider- 
able number perish before they can reach honey. It may be 
thought that in Mehe the object is parasitism on the insect's 
body, but from the facts affoixled by Sitaris, and by Meloe itself, 
there can be little doubt that the young larva) do not live upon 
the substance of their carriers, but upon the honey in their 
cells. In order to ascertain what the food was, Fabre tried 
everything which he attempted in his earlier exjxiriinents, but 
as with Sitaris, he could not induce the lar\'a in its earliest 
condition to drink the honey or eat the hynienopterous larva. 
Newport made similar experiments, and obtained similar results. 
The conclusion he came to was, " that the lar\'i]e of M. violaceus 
and M, proscarahams are not parasitic on the half or full-grown 
larva of Anthophora retusa ; yet, from the circumstance of their 
always attacking the larva) in those experiments, there seems 
reason to suspect they may prey on tlie very young of some 
species of bee soon after it has lel't the egg, although not in its 
advanced growth." There is no doubt that Meloe is parasitic 
within the nests of Anthophora pilipcs, and probably of other 
species also. M. Fabre found them to be rare where Sitans was 
abundant ; but he succeeded in finding two cells with a larval 
Meloe in each. One cell contained black honey, on the surface 
of which was a wrinkled pellicle ; and on this pellicle was the 
lar\'a. There is great probability that the larva quits the female 
bee at the moment of the egg being laid within the cell, and that 
it resorts to the same manocu\Te3 as Sitaj^ to rid itself of the 
potential enemy resident in the egg by devouring the e^ ; and 
that then it becomes metamorphosed into a being capable of 
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feeding on the honey Avithoiit being suflfocated. Although the 
object of each step is to get the honey, the larva is not adapted 
to derive its nutriment therefrom in its earliest condition. The 
second cell was also full of a sticky fluid, on which floated 
a small white laiTa about one-sixth of an inch in length, and 
therefore much larger than the second larval stage of Sitaris. 
The rapid movements of its abdomen showed that it was 
feeding vigorously on the stored up nectar. This had every 
appearance of being a young Meloc in its second develop- 
mental phase. At a subsequent date, Fabre obtidncd a few other 
cells tenanted by Mcloe. One of the lan-a?, which had consumed 
about half the honey, and a second which had nearly finished it, 
were preserved. They Avere blind, soft, fleshy, of a yellowish- 
wliite, and clothed with a fine doAATi, in which respect, as also in 
their general form, they closely resemble the larva) of Lamelli- 
com beetles. The segments, inclusive of the head, are thirteen 
in number, of which nine are furnished with stigmatic orifices, 
surrounded by pale oval margins. As in Sitaris, the last pair, 
situated on the eighth abdominal segment, is less developed than 
the others. The heatl is horny, and slightly brown. The labrum 
is prominent, white, and trapezoidal. The mandibles are black, 
strong, short, obtuse, sli^jhtly curved, trenchant, and furnished 
with a large tooth on the inner surface. The maxillary and 
labial pali)i are' brown, and like little knobs, formed of two or 
three segments ; the first segment is large and globular ; the other 
two are much nan*ower, and cylindrical. ' The legs are short, but 
strong, and might be used to dig or crawl with. The length of 
the larva is one inch. As far as could be determined from a 
specimen long macerated in alcohol, the nen'ous system consisted 
of eleven ganglia, and an oesophageal rincj. The digestive 
system does not differ materially from that ol the adult. Mcloe 
thus agrees \vith Sitaris, in that the larva which attaches itself 
to the ao\>Ti of a bee and penetrates into its cell, is transformed 
into a second, having a veiy diflerent fonu, and cajxible of living 
on honey. One of the larvaD obtained by Fabre, imderwent a 
change a fortnight after he had obtiiined it. Its skin split on the 
back, and partially exposed to view a pseudo-chrysalis, exceed- 
ingly like that of Sitaris. From the robust proportions of the 
mandibles, and the well-developed limbs, armed with strong 
nails, Newport conjectures that the laiTa mijjht be capable of 
digging, so as to pass from cell to cell in search of nutriment, a 
supposition w^hich Fabre thinks is supported by the considera- 
tion that the lar\'a attains a size which far exceeds the pro- 
Sortions which a single cell-full of honey might be expected to 
evelope. The pseudo-chrysalis, or as Newport tenned the same 
phase of development, the pseudo-larva, is an inert body, of 
homy consistence, amber-coloured, and divided into thirteen 
segments. It is about three-fourths of an inch long, slightly 
arcuate, highly convex on the dorsal surface, nearly flat on the 
ventral surface, and having the two suriaces separated by a 
prominent row of tubercles. The head is a kind of mask, on 
w^hich is vaguely delineated the future elements of the head. 
On the thoracic segments are shoA\Ti three pairs of tubercles, 
corresponding to the legs of the succeeding stages. Finally, 
nine pairs of stigmata complete the description, which have the 
same position and general features as those in the i)seudo- 
chrysalis of Sitaris, The resemblance between the two is even 
repeated in many of the minor details. The difference consists in 
the general aspect, and in the envelope which forras the moult of 
the larval stage preceding the pseudo-chrysalis. In Sitaris it is 
a closed sac. In Mcloe it is split along the back, and turned 
backwards, so that only half the body of the pseudo-chrysalis is 
covered by it. An autopsy, performed on the only pseudo- 
chrysalis in Fabre's possession, indicated that, notwithstanding 
the great changes, no material alteration in the character of the 
internal viscera, such as the digestive system, occuiTed in the 
later metamorphoses ; but an alteration occurs in the number of 
ganglia, which is eight, in the abdominal region of the larva, 
but only four in the same portion of the perfect insect. It is 
not knowTi how long the pseudo-chrysalis condition is retained, 
but judging from what is Known of Sitaris, it is probable that 
sometimes individuals are transformed in the same season, while 
others do not pass into the next phase until the following year. 
At any rate, puixc of Meloe have been found towards the end of 
August. The homy integuments of the pseudo-chrysalis are 
split along a line which extends from the ventral surface, over 
the head and down the back of the thorax. This moult, rigid 
and uninjured, is left half enveloped in the skin, abandoned by 
the second lai-va. Through this fiissure the pupa makes its escape, 
so that it seems a pupa succeeds the pseudo-chrj'salis, which is 
not the case in Sitaris, £ut such appearances are deceitful, since, 



on raising the pupa from the split sheaths which formed the 
pseudo-chrysalid covering, we find at the bottom of this slieath 
;jL third moult, tlie last which the creature had thrown off before 
a'isuming tlie condition of a pupa. This moult still adheres to 
the pupa by a few tracheal filaments. On softening it in water, 
there may readily be recognized an organization almost identical 
with tliat of the larva which preceded the pseudo-chrysalis. 
In the last phase, however, tlie mandibles and legs are not so 
powerful. Ihe pupa presents no feature that calls for notice. 
One specimen kept by Fabre became a perfect insect towaixis 
the end of September, and it might be thought that under 
normal conditions this would be the usual time for the beetles 
to make their appearance. Sexual intercourse and oviposition 
has only been observed in spring, so tliat it is more probaole that 
the beetles remain quiescent through the winter, and resume 
activity in the earlier warm months of the year. These are two 
examples of some of the most remarkable metamorphisms in the 
whole insect class, a class which abounds in marvellous changes 
of form ; doubtless the family Meloidce presents others. Fabre, 
indeed, describes a third kind of pseudo-chrysalis, which he was 
unable to assign to its proper genus. It was discovered dead in 
the nest of Chalicodcrma muraria^ the cells of which had long 
been abandoned. It was not enveloped in the gauzy envelope oi 
the larval stage preceding it, but this may have been brushed away, 
since the cell in which it lay was much injured. The pseudo- 
chrysalis is cylindrical, obtuse at both ends, homy, and of a 
brick red colour. Its surface is ornamented with a multitude of 
very minute points, from each of which diverge raised rays, 
so that wlien looked at with a lens, it seems to be sprinkled 
with stars. The segmentation is obscure, but a little attention 
determines the number of segments to be thirteen. In aU its 
other characters it generally resembles the varieties alre-ady 
described. Its occurrence in the cell of a mason bee ; its 
similarity to the pseudo-clir}'salis of Sitaris and Meloe indicate the 
existence of an insect with the singular habits of those genera. 
In its first larval stage it is attached to the down of hymenopte- 
rous insects, and Chalicodenna in particular. Fabre asks if it 
may not belong to Zonitis. 

What is the meaning of xdl these curious metamorphoses, which 
ai*e so diflerent from what is usually met with in the order 
Coknptcra ? The abnormality is confined to the first three phases. 
At one time Fabre thought that the first and second larvae, 
together with the pseudo-chrj'salis, were the direct resultant of 
the fecundated egg ; that the pseudo-chrysalis developed another 
egg by internal gemmation, from which a new larva sprang, to 
become metamorphosed into a sexual adult. The facts above 
detailed convinced him of the error of this view. Kejecting tliis, 
he staits another train of ideas, to the general eflcct that all 
coleopterous insects undergo metamorphism, accompanied with a 
greater or less number of moults ; but amidst these changes no 
external characters, once acquired, are subsequently lost. Thus 
the feet are never developed to be afterwards lost ; the first 
stages are not provided with sight to be afterwards deprived of 
that sense. In the case of such larva), there is no radical change 
in the external conditions upon which their life depends ; but if 
there should be such a change, we should expect that correspond- 
ing modifications might occur in the characters. Something of 
this kind is believed to occur in the Meloidce, The fin-st lan^a 
lives on a bee ; its perilous rides necessitate rapidity of move- 
ment, sharp eyes, and a sensitiveness to changes of equilibrium. 
In accordance with such conditions, it has a slender, graceful 
shape, ocelli, legs, and special means for resisting jerks. As soon 
as it is in the cell, these provisions are unnecessary, but it 
requires the means to pierce the egg, and its sharp mandibles 
enable it to do this most effectually. This done, it must be fitted 
for sucking up the honey ; but as it is unable to live in the 
honey, its structure must be modified, and in this change the 
eyes, legs, &c., are discarded, as though their presence would 
be unnecessary and injurious. It is not easy to see the 
necessity for all the subsequent changes which occur, but each 
change in the animal seems to have relation to the changed 
circumstances under which the animal is to live. The prelimi- 
nary jjhases which precede those generally met with amongst 
Colcoptera, Fabre proposes to call hypermetajtwrphosis. 

When a student is brought face to face with facts of this 
kind, he is strongly impressed with the manifest design dis- 
played in many of the phenomena. The way 'in which that 
design is fulfilled evinces a sagacity and fertility of thought far 
transcending the mental powers of a Meloe or a Sitaris, There is 
some unseen Power at work beliind the scenes, which guides 
everything unerringly. How this Power acts we are unable to 
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Bay ; but so far as the writer can jiulge, it seems to be by the 
indirect agency of natural laws rather than by the direct 
manifestation oi wilL 

(Fabre, Annates des Sciences Naturelks, Quatri6me Serie, tome 
Tii.p.299— 365.) 

MENZIESIA, a genus of plants belonging to the natural 
order EricacecPy or Heath-worts. It is distinguished by the calyx 
being four or five leaved, the bell- shaped corolla having four or 
five reflexed teeth, eight stamens, and a blunt stigma. Most of 
the species are natives of North America, but thev are frequently 
met with in the high northern or alpine floras oi the old world. 
The distribution of some species is noteworthy. Thus M. cccrulea 
is spread over large areas of country in high northern latitudes, 
but on advancing south it is absent over tracts hundreds of miles 
in extent, but recurs again in a few isolated spots in the higher 
mountainous regions ol the south, such as the Pyrenean range. 
These little groups of individuals occur like the outliers of cer- 
tain strata. The geologist considers such detached patches of 
strata as a proof ot the former extension of similar beds over all 
the intervening region Avhich originally had the same level as 
the strata themselves. The gaps have been formed by the 
removal of the rocks, &c., by denudation. In like manner these 
patches of plants frequently indicate that at one time the specific 
area was continuous, and that the absence of the species from the 
regions forming the gap has arisen from alteration in the condi- 
tions, principally climatic, which the plant requires for its main- 
tenance. M. coTulcaf then, formerly ranged over the whole of 
western Europe, whereas now it is almost entirely restricted to 
the more northern and the more southern regions. What are 
the conditions which have favoured the extension, and why has 
the species since lost ground ? A close examination of the 
southern outliers, together with a consideration of the circum- 
stances under which the living individuals flourish, leave little 
doubt that the principal cause favouring the extension was the 
former prevalence of an extreme rigour of temperature over all 
Europe, and that the subsequent amelioration of that tempera- 
ture has driven it from the warmer plains into the higher and 
colder areas, thereby separating the southern colonies from the 
main specific area. In this connection the fact that M, ccerxdea 
is only known in a single locality in the British isles, a moun- 
tain in Invemcsshire, where it is exceedingly rare, is interestmg, 
since we understand why the plant should be so local and so 
rare. Some years back the colony, as was thought, was exter- 
minated by a nurseryman, but specimens gathered within the 
last few years prove tnat the species has not quite died off' the 
British area. Why should relics such as these be ruthlessly 
destroyed? Archaeologists exert themselves to protect from 
imnecessary destruction the venerated antique works of their 
forefathers ; and botanists ought to use their endeavours to avert 
the premature extinction of relics, like Meiiziesia in Scotland, 
whicn were established long before the oldest barrow was erected 
or the first rude temple of stones was founded. 

MERYCOIDODON. [Oreodon, E. C. S.l 

MILI0LIDJ5. [FORAMINIFERA, E. C. S.J 

MIOCENE, the name for a geological period and group of 
strata intermediate between those periods and strata for which 
the terms Pliocene and Eocene have been appropriated. 'The 
limits of the period are not defined by the dates of certain re- 
markable occurrences as is usually the case in the periods of 
human or historic chronology ; but arbitrarily by the proportion 
which the extinct species of mollusca bear to those wnica were 
then living and have survived to the present time. Such a 
mode of definition is open to many objections ; but since for the 
purpose of accumulating and an-anging facts a bad method is 
better than none at all, and since no better has been proposed, 
it has received general acceptance. So far as we can gather, all 
those beds are referred to the miocene period which contain 
more than fifty, and less than eighty, per cent, of extinct mol- 
lusca ; and if the beds should not contain fossils, their relative 
age may generally be arrived at approximately by a considera- 
tion of their stratigraphical position. In this place, however, 
we do not propose to describe the succession of the strata of each 
country in detail, or to point out the varied faunas and floras 
which have been obtained from them, but will satisfy ourselves 
with a very general allusion to them. Most of our space ^vill be 
devoted to a consideration of the bearing of some of the facts or 
indications of the climate of the miocene period. On this subject 
Professor Heer, of Zurich, is the chief guide, and we shall ac- 
cordingly follow him. 

The eocene flora of Europe is represented by specimens 
gathered at a few localities of very limited area; but the 



miocene flora is represented by specimens from places scattered 
all over Europe, so that it may be hazardous to state positively 
what were the general features of the floras of the various ter- 
tiary periods. But taking the fact^ that are accessible, they indi- 
cate tnat the eocene flora was tropical in its character, and most 
allied to the living Indo-Australian flora, and that the more 
characteristic American forms are poorly represented. The 
lower miocene flora is of a less tropical character ; the Indo- 
Australian forms are still predominant, while the deciduous 
trees similar to those which form so conspicuous a feature in the 
present European forests first acquire importance, and there is a 
closer approximation to the American species. During the later 
miocene period the tropical types formed an appreciable propor- 
tion of the flora, the genera of sub-tropical and temperate 
regions predominated, the American character of the vegetation 
had become more decided, and the genera which now charac- 
terize the floras of the Mediterranean region and of the neigh- 
bouring Atlantic isles, were first introduced. At a later period, 
that named pliocene, the genera of tropical regions diminish, 
and those oi warm regions increase, in importance, and the 
American character is still conspicuous. A large proportion of 
the species lived on from miocene into pliocene times, but nearly 
all correspond to such as now thrive in warm and temperate ch- 
mates. As we come nearer to the present time tne species 
acquire more and more nearly their present geological distribu- 
tion, so that most of those which have been found in post-plio- 
cene beds are still to be found living in the same district in 
which they grew during the post-pliocene period. The modifi- 
cations in the floms seem to indicate a gradual depression of the 
temperature from the eocene period to the present time. Such 
are Professor Heer*8 general views, Avhich he supports by de- 
scending into still furtner detail, and even attempting to ascer- 
tain what was the mean annual temperature of each period. We 
believe that too much importance is attached to the influence of 
the temperature in regulating the geographical distribution of 
plants at difterent periods, and that, although Professor Heer's 
main conclusions may be correct, the logic is not sound. Some 
of the reasons for so thinking are, that while temperature has 
undoubtedly considerable influence on the prosperity of plants, 
still there are other conditions almost, if not qmte as influential, 
modifications in which would probably enable the plant to 
flourish best under a colder or a warmer climate. Again, it is 
to be noticed that the plants of the miocene period of one 
country only do not all mdicate the same climate : some are 
analogous to the tropical species, others to those which are now 
restricted to much colder latitudes. If the tropical species can 
now only thrive in a very hot country, and the temperate zone 
species m a cool country, how is it that they flourished 
together on the same area in former times ? One answer might 
be that the district had a bold orographic outline, that the tro- 
pical plants inhabited the plains, and the temperate species the 
highlands. But so far as we can gather, the country was less 
boldly modelled in the miocene penod than it is now. Another 
reason, of a more cogent character is, that amongst plants, and 
also amongst animals, many cases have been observed in which 
a group living together on a certain area at a particular period, 
is found to have spread out at a subsequent period, and to have 
become differentiated, by which we mean, that one portion has 
migrated in one direction, and another in the opposite. This is 
the case with the miocene flora, whose analogues are now met 
with in the direction of all points of the compass. We believe 
that modifications of physical geography will afford the true 
clue to the efficient agents which have brought about the shift- 
ing composition and distribution of floras, and that consequently 
the best nypothesis Avill be based upon a consideration of the 
changes wnich have taken place in all the elements of physical 
geography of which temperature is only one out of many. With 
this digression, which is inserted by way of caution, and not 
with the slightest intention to refute Professor Heer^s arguments, 
we Avill resume the Professor's train of reasoning. The principal 
indications of a warmer climate in Switzerland are the great 
number of species ; the large proportion of ligneous plants ; the 
prevalence of evergreen shrubs and trees ; the relative annual 
season when the trees put forth their leaves and blossoms ; 
and the general character of the vegetation, which, while com- 
prising numerous tropical genera, resembles most nearly the 
present flora of the southern United States, next, that of the 
Mediterranean area, and lastly those of the Canarian and 
Japanese isles. The composition alone negatives the idea that 
the climate was like what middle Europe now has, because the 
winters of that area would now cut off the palms, the laurels, the 
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evergreen figs, the Acacia Ocualpinia^ the camphor plants, and 
the cinnamon shrubs. On the other hand the presence of pines, 
beeches, poplars, elms, nut-trees, and others, show that ^e cli- 
mate was not tropical. In order to illustrate his idea Professor 
Heer gives a table of the present distribution of the nearest 
Hving representatives of the Swiss miocene, which he divides 
into four stages. This table also seems to illustrate the wide 
dispersal of the ancient Swiss flora. 
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It is thought that these facts indicate a nearly uniform tem- 
perature throughout the first three stages, and a slight decline in 
the fourth. The climate of the lower miocene is considered to 
be somewhat like those of Tenerife, Tunis, South China, and the 
vicinity of New Orleans, where the mean annual temperature ranges 
from aoout 68° F. to 72° F.; while that of the upper miocene is 
thought to have had a climate similar to those of Madeira, South 
Spain, Japan, and New Georgia, in which countries the mean 
annual temperature is not far from 65° or 66°. Professor Heer, 
however, expressly points out that none of the recent climates 
referred to was precisely like that of the Swiss miocene, which 
doubtless had peculiarities of its own. The commingling of 
tropical and temperate plants indicates an equability of the 
seasons, such as is usually characteristic of insular districts. He 
enters into calculations which lead to the probability that the 
local circumstances being the same, the temperature was about 
16° F. higher than at present during the lower miocene, and 
rather more than 12* F. higher during the upper miocene period. 
The relation of the temperature of the miocene to that in the 
periods before and after may be gathered from the following 
table. If the facts are correct, it affords material towards 
arri^dng at a most important generalisation, viz,, the rate at 
which the temperature has declined during the tertiary 
epoch : — 

Eocene (Upper) 78'— 80" 

Miocene (Lower) 68*»— 70* 

Miocene (Upper) .... 65'—66' 
Pliocene of Tuscany .... 63"— 65' 

Glacial period 41** 

Present period 48* 

Professor Heer then gives long lists of the mammalia, insects, 
and other classes, and points out now they corroborate the conclu- 
sions based on the pl^mts, for which details the reader is referre<l 
to Professor Beer's work. The extent to which the miocene flora 
flourished towards the poles is one of the most remarkable facts 
connected with this suoject. In North Greenland, lat. 70° N., 
species of Se^tuna, identical with those which flourished at the 
same period m England and Switzerland, have been found in 
miocene strata along with poplars, willows, beeches, oaks, 
walnuts, and numerous evergreens. There is no question that 
these lived on the spot, and were not drifted to the localitv. 
Farther north, in Spitzbergen, lat. 78° 56' N., a flora of nearly 
one hundred species has been detected of this age, and. amongst 
other species there occur two belonging to the genus Toxodium, 
a hazel, poplar, alder, beech, plane, and lime. Such facts speak 
very decidedly in mvour of a warmer climate, since, these 
latitudes will now only support a verjr few species of dwarf 

Slants, and the repressive influence is, there is very little 
oubt, the exceedingly low temperature. It is probable that 
vegetation may have extended all over the northern hemisphere 
in miocene times, since at the present time willows, limes, and 
other hardy genera ran^e from 4° to 10° farther north than the 
planes, beeches, Taxodium, &c. ; these latter, as we have seen, 
occur north of 78°, so that willows might have extended to 88 
or even 90°. 

Havins referred to the high temperature of the period, we will 
now briefly allude to a remarkable set of phenomena which seem 
to imply a considerable degree of cold in a region so far south as 
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Turin. In the neighbourhood of that city is the hill of Superga, 
composed of a conglomerate assigned to the upper miocene group 
of strata. This conglomerate is in part made up of large blocks, 
some of which are 14 feet long, and one has been found which 
was 26 feet long. Many of them are angular, and a few of them 
are faintly striated and polished on one side. At the present time 
the nearest strata in aitu similar to the larger blocks is distant 
some twenty or more miles, but the country has been so altered 
that it is difficult to say where the blocks liave been transported 
from. If they have been transported from a distant locality, 
as certainly seems to be the case, one is almost compelled to 
infer that ice existed in such considerable quantities as to 
imply a glacier-generating land. If the northern hemisphere 
was covered with verdure, and swarmed with a varied animal 
life, it is hard to conjecture where such a land could have 
been. There are also apparent indications of miocene glacial 
beds amidst the strata of the Pyrenees. 

(Heer et Gaudin, Recketchts sur U Glimat et la VSgStation 
du Pays Tertiaire; Lyell, Elements of Geology ^ 6th Edition ; 
Lyell, Frindples of Geology, vol. i. 10th Edition.) 

MC)HO. The name given by the New Zealanders to Notomis 
Mantelli [Notornis, E. C. S.] 

MOLA, a name which is sometimes given to a group of 
plectognathous fishes, usually named Orthagoriscus, and 
lamiliarly known as sun-fishes. The genus is more appro- 
priately noticeable imder Orthagoriscus [Orthagorisous, E. C. 
voL iv. coL 133], but here we would briefly refer to the memoir 
by Steenstrup and Liitken, in which a critical examination is 
given of the genus under the name of Mola, According to them 
it includes three species only, viz., M, nasus, M. Retxii, and M. 
truncata. They describe tne greater modifications of form, 
physio^omy, and int^umental peculiarities which are de- 
veloped in the same individual dunng its lifetime, and indicate 
how some ichthyologists have considered these characters to be 
demonstrative of distinct genera, and even families. The genera 
Molaca7i^us and Acanthosoma, as also the family MolacarUlMa;, 
are based upon what are really individual differences. 

(Steenstrup and Liitken, Oefv, Dansk, Vidensk, SelsL For- 
handlvngar for 1863, p. 36). 

MOSASAURUS fE. C. vol. iii cols. 900—902]. At the con- 
clusion of the E. 0. article a slight reference is made to the 
occurrence of some remains belonging to this genus in North 
America. By what appears to be a shght misprint it seems that 
Dr. Harlan (uscoverea some teeth in Philadelphia ; but the cor- 
rect reading we have little doubt is that they were found by Dr. 
Harlan, of Philadelphia, in the vicinity of Woodburv, New 
Jersey. Many other remains have been obtained from the same 
state, more especially in Burlington and Monmouth counties ; 
fragments of tne skeleton and isolated bones have also been met 
wiUi in Alabama, in the region through which the Upper Mis- 
souri flows, and in a few other states. The most important 
remains are those discovered on the Upper Missouri in the 
vicinity of Big Bend. They consisted of a greater portion of the 
skeleton, and coniprised an almost complete skull, and eighty- 
seven vertebrsB. Thev were fully described by Dr. Goldfuss m 
the * Transactions of the Academy of Bonn.' (' Nova Acta 
C. L. C. Nat. Cur.' xxi. p. 173.) Although the materials relating 
to this genus are increasing, it does not appear that there is yet 
sufficient to enable one to form a dear idea of its structure and 
affinities. Professor Leidy has given very full accounts of aU 
the American remains accessible to him. He seems inclined to 
refer most of the fragments to one species only, viz., M, Mitchelli; 
but he indicates that it is possible that they may belong to several 
species ; if, however, they do belong to one species, the range of 
variation was extraordinary. His memoir is an important con- 
tribution to the literature of the subject, as he points out the 
minute difierences, and shows how the characters of the teeth are 
correlated with their position in the jaw. He also dwells upon 
some features in which the American remains differ essentially 
from the Mosasaurus of Maestricht, as described by Cuvier, 
Owen, and others. This will be perceived from the following 
summary which he gives of the conclusions arrived at by former 
observers and by himself. The original account is abundantly 
illustrated with figures and references. 

He dwells upon the great diversity in the size and form of the 
teeth found in the United States, and remarks that he hesitates 
whether they should be assigned to one or more species of the 
same genus or to several genera. The difficulty is not lessened 
by the circumstance that examination of the casts, figures, and 
descriptions of the Maestricht specimen does not enable one to 
detect those minute shades of cnaracter which would materially 
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assist in settling such doubts. He then goes on to say that 
Cuvier's description of the teeth of M. Camperi is general, and 
that "he observes that they are all pyramidal, and slightly 
curved ; their external face is plane, and defined by two acute 
ridges &om the internal face, which is round or demiconical. 
Subsequently he remarks that the ridges are entire, and without 
denticulation. He does not refer to the existence of divisional 

§ lanes upon the teeth ; and an inspection of undoubted teeth of 
le genus leaves no question that the ridges of the crown are 
minutely denticulate in the unworn condition. An examination 
of the cast also proves that there is some diversity in the shape 
of the teeth in diflferent parts of the series. Qoldfuss, in describ- 
ing the teeth of MosasauruSy says they are slightly compressed 
laterally, towards the apex feebly curved backwards, and are 
divided into a large inner and small outer half by an acute 
linear ridge, which is transversely striated. Their surface ap- 
pears polygonal, the outer surface presenting five, the inner 
seven p^amidal planes. Professor Owen, in referring to the 
description of Goldfuss, remarks, that ' the feeble indications of 
angles observable in some of the teeth, those of the upper jaw 
chiefly, of the Mosasaurus Hoffmani, do not bear out the tenn 
polygonal which he applies to the crown of that species, as well 
as to those of his Mosasaurus Maximiliani; still less can I find 
these angles so constant and regular as to divide tbe outer sur- 
face of the crown into five, and the inner surface into seven 
facets.' The plaster cast of the jaws of the Maestricht Monitor 
shows that the front teeth are narrower than those behind. The 
external surface of the crown is comparatively narrow, and 
slightly convex, while the internal surface is of considerable 
extent, forming in section the transverse half of an ellipsoid. 
In passing backward in the dental series, it appears that the 
external 'surface of the crown increases in breadth, and becomes 
more convex, while the internal surface in a corresponding 
manner decreases. In the back teeth the crown appears to be 
laterally compressed concave, with the external surface nearly as 
wide and convex as the internal, so that a transverse section 
presents an ellipse with acute poles. Thus the front teeth of 
the cast correspond with those usually described as characteristic 
of Mosasaurus, while the back ones are more like those supposed 
by Professor Owen to indicate a distinct genus, which ne has 
named Leiodon, In most of the teeth usually assigned to Mosa- 
saurus, the inner and outer surfaces of the crown are more or 
less distinctly subdivided into a series of narrow planes, which 
are most evident towards the base of the crown. These planes 
are variable in number, and are often slightly depressed or 
feebly concave. They are sometimes multiplied towards the 
base, but become indistinct, or even disappear at the summit. 
In the plaster cast the divisional planes of the surfaces of the 
crown, while sufficiently evident in the more anterior teeth, 
appear to be obsolete in those most posterior, though it is true 
that their absence in the latter may arise from defective model- 
ling. In the Maestricht Monitor Cuvier observes that * the teeth 
are hollow only during their development, as they are then in 
all animals. They become filled tm*oughout their length, and 
are most frequently found entirely solid. They complete their 
development in becoming attachea to the jaw by means of an 
osseous body very diflferent in structure from that of the tooth, 
with which it is nevertheless intimately associated. The succes- 
sional tooth originates in a special alveolus produced at the same 
time, and it penetrates the osseous body of the tooth in use. In 
enlarging, the successional tooth finally detaches the osseous 
body from the jaw, with which it was organically united ; the 
body by a sort of necrosis being shed, and carrying with it the 
tooth it supported. Gradually the successional tooth, with its 
body, improperly called its osseous root, assumes the position 
from which the old one was removed.' Subsequently Cuvier, 
after remarking that ' he had formerly committed the error of 
calling the osseous structure connecting the tooth with the jaw 
the root,' observes that ' he had since recognised it to be the 
dental pulp, which, instead of remaining soft as in mammals, 
becomes ossified and identified with the alveolus.' Cuvier con- 
tinues : ' The tooth has no true root, but adheres strongly to the 
pulp which secreted it, and is further held in connection with it 
by the remains of the capsule which furnished the enamel, and 
which by becoming ossified also, and imiting itself with the 
maxillary bone and ossified dental pulp, inserts and fixes the 
tooth Avith additional force.' Again, m comparing the mode of 
implantation of the teeth of Mosasaurus with the living Monitor 
ana Iguana, Cuvier observes of the former that 'tne socles 
(pedestals) or ossified pulps, which support the teeth, are ad- 
herent in hollows or true alveoli contrived in the thickness of 



the border of the jaw.' Goldfuss, referring to the Maestricht 
and Missouri Mosasawus, says, ' In both, the crowns of the 
teeth, invested with shining enamel, are sustained upon, the 
dental capsule which is transformed into an osseous socle, co- 
ossified with the alveolus, and they are in part hollow internally 
and in part solid.' Owen, in his ' Odontography,' p. 258, in 
reference to Mosasmmis, observes that 'the maxillary teeth 
combine the pleodont with the acrodont characters.' Further on 
he continues : ' Its dentition exhibits in an eminent degree the 
acrodont character ; the teeth being supported on expanded 
conical bases anchylosed to the sumnut of the alveolar ndge of 
the jaws ; no existing saurian exactly parallels this mode of 
attachment of the teeth, either in regard to the breadth of the 
alveolar border or in the relative size of the osseous cones to the 
teeth which they support. A shallow socket is left where the 
tooth and its supporting base are shed.' The same authority in 
a more recent work, ' Paheontology,' p. 279, remarks that ' the 
teeth are anchylosed to eminences along the alveolar border of 
the jaw, accoroing to the acrodont type. Pictet, in his ' Traits 
de raleontologie,' vol. L p. 504, speaks of the teeth of Mosasaurus 
as being deprived of true roots, and anchylosed to the jaw. 
Gibbes m his ' Memoir on the Mosasaurus,* foUows the descrip- 
tions of Cuvier and Owen. Gervais, in the * Zoologie et Pal^on- 
tologie Frangaise,' voL i. p. 262, in describing some teeth which 
he refers to Leiod^m, observes that, as in Mosasaurus, thev are 
inserted in alveoli, with which their base is identified by 
means of the surrounding layer of cement. In a note he adds 
the remark, * C'est ^ tort que Ton d^crit les dents des Mosa- 
saurus comme reellement acrodont k la mani^re de celles de beau- 
coup de Sauriens actuels.' From the fossil specimen I have had 
the opportunity of examining, the history of the dentition of 
Mosasaurus, so far as I have been able to trace it from the 
imperfect materials, appears to be as follows : — The mature teeth 
of Mosasaurus have curved conical crowns, with long, robust 
fangs inserted into sockets or alveoli, with which they were at 
first connected in the ordinary manner by connective tissue, but 
with which they subsequently became firmly co-ossified. They 
contain in the interior a large fusiform pulp cavity, communi- 
cating throueh a canal with a funnel-shapea pit at the end of 
the fang. Tne conical crowns of the teetn are curved backward 
with an inclination inward ; the curvature being more rapid 
approaching the apex. They are generally divided in front 
and behina by an acute ridge into an inner and an outer 
surface. In some teeth apparently belonging to the most 
posterior of the dental series of the jaws, and to those of the 
pterygoid bones, there is only one ridge, which is situated along 
the back or concave border of the crown. The ridges exhibit a 
minutely crimped and subdenticulated arrangement which was 
obliterated by wearing. The proportionate extent of the inner and 
outer surfaces of the crown, as defined by the two ridges above 
indicated, varies very much in the different specimens of fossil 
teeth, apparently according to the position the latter occupied in 
the dental series. In those teeth which I suspect to belong to 
the anterior part of the dental series the crown has the form 
corresponding with the descriptions which have usually been 
given as characteristic in general of the tooth of Mosasaurus, It 
is very unequally divided by the acute ridges ; the inner surface 
occupying two-thirds or more of the extent of the crown. The 
convexity or transverse curvature of the outer surface forms a 
short segment of a comparatively large circle ; that of the inner 
surface forms one half to two-thirds or more of a circle, whose 
diameter is that of the crown. The transverse section of the 
crown might be appropriately called shield-shaped. In those 
teeth whiwi are supposed to belong to the middle of the dental 
series, the disproportion between the outer and inner surfaces of 
the crown is comparatively trifling, and the transverse section is 
circular or nearly so. Teeth attributed to the more posterior 
part of the dental series have their crowns compressed from 
within outwardly, and nearly equally divided by the acute 
ridges, and in transverse section are elUptical with acute poles. 
Finally the last teeth of the series have compressed crowns, with 
a single ridge and an ovate transverse section. The inner and 
outer surfaces of the crowns in most of the fossil teeth are 
unequally divided into narrow planes, variable in number. 
They slightly multiply towards the base of the crown, and be- 
come fewer and less distinct, or altogether disappear towards the 
apex. They vary in degree of distinctness in different teeth, and 
in many do not exist at all. The fossil teeth under examination 
would appear to indicate that the subdivision of the inner and 
outer surfaces of the crown is best marked in the anterior teeth 
of the series^ becomes less evident in passing backward, and 
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ceases in the last teeth. Some of the specimens would appear to 
show that the subdivision of the crown held some relation with 
the age of the animal ; not existing in the yoimg, but developed 
in the mature animal. Other specimens appear to indicate tnat 
tlie difference was due to individual peculiarity, or perhaps in 
some it may denote a difference of species if not of genus. The 
fangs of the teeth of Mosasaurus are remarkable for their great 
proportionate size, being several times the bulk of the crown 
they support From the enamel border of the base of the crown 
the fang expands in the form of a cone to the entrance of its 
socket, where it presents its greatest diameter, and is more or 
less defined by a shoulder or ledge. The intra-alveolar portion 
of the fang from two to four times the length of the extra-alveo- 
lar portion is straight, oblique slightly curved, cylindroid and 
slightly narrowed towards the obtusely rounded end. Fre- 
quently it is more or less compressed from without inwardly, 
and occasionally wrinkled at bottom. The mature fang was at 
first simply inserted about three-fourths or more of its length in 
its socket, with which it was evidently adherent in the ormnary 
manner by connective tissue. Subsequently, however, it be- 
came firmlv co-ossified with the alveolus ; the ledge or base of 
the extra-alveolar portion with the entrance of the alveolus at 
the border of the jaw ; the intra-alveolar portion with the sides 
and bottom of the alveolus. The pulp cavity of the mature 
teeth of Mosasaurus occupies a large extent of space in their in- 
terior. It is fusiform, or doubly conical, one cone extending 
into the crown, the other into the fang. It communicates by a 
large canal with a funnel-shaped pit, usually more or less com- 
pressed at the bottom of the fang. Occasionally the fang is 
occupied by a coarse cementum pervaded by many large vas- 
culo-neural canals. The crown of the teeth of Mosasaurus is 
composed of compact dentine invested with a thin layer of 
enamel. At the base of the enamelled crown the dentine ex- 
tends in the form of an inverted cone, within the extra-alveolar 
portion of the fang, and terminates in a thin, abrupt annular 
margin, encircling the pulp cavity. The dentine presents the 
ordinary constitution of an amorphous substance pervaded with 
innumerable canaliculi diverging from the pulp cavity to the 
periphenr of the crown, dividing in their course and giving off 
multitudes of lateral anastomosing branches. Below the enamel 
border of the crown the dentine is defined from the cementum 
of the extra-alveolar portion of the fang by a more amorphous 
bond of union of the two structures. The fang is composed of 
cementum or bone. It is mainly composed of vertical osseous 
fibres, pervaded by numerous vascular canals pursuing the same 
course as the former. It is of much finer texture than the bone 
of the jaw with which it may be intimately co-ossified, and is 
admirably adapted to sustain the crowns of the teeth, both as 
rej^ards its organic and its physical functions. The teeth of 
Mosasaurus belonging to the functional series or those in use, 
were succeeded by a new set which underwent their develop- 
ment at the postero-intemal portion of the alveoli occupied by 
the former. For the reception of the growing crowns of tne new 
teeth the fangs of the functional series were gradually excavated, 
through absorption of their structure, in a direction from within 
obliquely outward and forward, upward and downward. At first 
the inner parapet of the jaw slightly contributed to the parietes 
of the cavity for the new tooth, but with this trifling exception 
it was through excavation of the contiguous fang of the func- 
tional tooth that the former was accommodated. In the progress 
of the excavation, the pulp cavity of the functional tooth became 
exposed and then cut off from communication with the nerves 
and blood-vessels which supplied its contained pulp. The fossil 
specimens further indicate that it was during the progress of the 
excavation of the fangs of the functional teeth that these became 
co-ossified with their alveoli, as if to resist a tendency to expul- 
sion from the jaw. The cavities for the new teeth in the fossils 
are ovoid in form and open at the postero-intemal part of the 
extra-alveolar portion of the base of the fangs of the functional 
teeth ; and from the opening the apex is seen protruding. After 
the development of tne crown of the new tooth the fang was 
produced, and the increase gradually became so mat at the next 
step as to have converted the fang of the old tooth into a 
large capsule, surmounted by its crown still in use. With the 
advance of growth of the new tooth the crown of the old one 
became so enfeebled in its connection with its excavated fang as 
readily to be broken off by external violence, or to be displaced 
by the continual growth of the fang and protrusion of the crown 
of liie new tooth. The fang of the latter continued its growth 
within a mere cylinder of Uie fang of the old tooth until its 
crown was made to assume a position in the functional series. 



The development of the new tooth was scarcely completed 
before a successor commenced the same process, and thus one 
tooth was foUowed by another throughout the life of the animal, as 
m recent reptiles. Some of the fossU specimens show that not un- 
frequently, while a successional tooth occupied a cavity within the 
fang of its predecessor it was accompanied by another, situated 
behmd the former. For the accommodation of the second suc- 
cessor a cavity was produced not only at the expense of the fang 
occupied by the first one, but partly at the expense of the 
alveolar partition and fore part of the functional tooth behind. 
The pulp cavity of the teeth of Mosasaurus varied in size accord- 
ing to the penod of development and age of the teeth, but all 
the fossil specimens I have seen indicate that it was absent at 
no period. I have never seen a solid tooth of the American 
Mosasaurus, contrary to the statement of Cuvier in regard to the 
Maestncht Monitor, that the teeth are only hollow during their 
development and are most freouently found entirely solid. Nor 
does the large size of the pulp cavity in the mature teeth war- 
rant the term of pleodont applied to the Mosasaurus by Owen. 
In the shedding of the crowns of the teeth of Mosasaurus they 
appear generally to have been detached from their excavated 
fengs a couple of lines from the enamel border. In several fossil 
specimens the base of the shed crowns is excavated in a conical 
or lenticular manner from the priphery to the central remnant 
of the pulp cavity. The peripheral border varies from a thin 
sharp edge to a fractured one ol a couple of lines in thickness. 
The remnant of the pulp cavity, where it communicates with the 
excavation, is about a third of the diameter of the crown, and 
from one-third to one-half its length. The alveoli generally 
appear to be completelv separated in the ordinary manner 
among most animals by thin osseous alveoli. In those instances 
in which there were two nearly contemporaneous successors to a 
tooth in use, the crowding to accommodate the former appears 
to have been such that the alveolar partition was obliterated 
and was subsequently replaced by the cylindrical remains of the 
fangs which were excavated for the successional teeth." He 
then proceeds to describe in detail the various teeth which had 
passed through his hands, and which had been obtained from 
various localities in the United States. All the specimens are 
dug out of strata, usually the greensands, forming portions of the 
upper, or newer cretaceous group. The age, indeed, seems to be 
very nearly identical with that of the European relics belonging 
to this genus. The range of the genus must have been consider- 
able, for some bones were obtained by Chandler from the earth 
forming the banks of the river Purfts in Brazil. 

(Leidy, Cretaceous Reptiles of the United States, 1865.) 
MOSCHID^ [E. C. vol iii. col. 903— 907J. The popular 
name of musk-deer, which has been given to the members of this 
family, expresses a truth which has been already dwelt upon in the 
E. C. a little. This truth is, that in many respects they resemble 
the deer. This resemblance is, however, not so close as might 
be supposed from Dr. Gray's statement in 1836, that the genus 
Moschus of Linnaeus (whose definition would include aU the 
members of the modem feunily Moschidce), differs from Cervus in 
one character only, viz., in having no horns. This remark was 
perhaps intended to apply to Linnseus's generic definition, and 
not to imply that Mosctms and Cervus are identical in every 
character of generic importance, with the exception of the horns. 
In the sequel we shall have occasion to aUude to several im- 
portant differences between the deer and the musk-deer ; but we 
wish the reader to bear in mind that although the differential 
points will chiefly engage our attention, there are numerous 
peculiarities in wmch the two groups agree. 

A second feature in which the present article will present im- 
portant modifications of the views enunciated in the former one 
has reference to Tragulus, A third feature is the account of the 
genus Hyomoschus, And a fourth is the palaeontology of the 
group. 

The Mosckidce form what is called an aberrant group. It is 
diflficult to define precisely what is meant by the term aberrant, 
but it seems to imply something that does not harmonise with 
what is thought to be the general plan of nature. Thus the 
Moschid<e are like deer, and yet they cannot be classified with 
them, in consequence of deviations in their structure which 
approximate them to the camels, say some, and to the pigs 
amongst Pachydermata, say others. Aberrant groups, in moat 
cases, nave a more generalized structure than the most flourishing 
existing families to which they are nearest allied, and hence it 
frequently happens that such groups seem to belong to several 
fanulies, or to find their most natural position at the extreme 
limits of one or two families. Hence it is that classifiers are so 
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frequently unsettled as to the correct places which should be 
assigned to such groups. When aberrant groups have been 
carefully and fully studied, it almost always happens that they 
are found to be those which commenced their existence at an 
early period of the prevalence of the order, that a few, or many, 
of the nearest allied genera or families have nassed out of exist- 
ence, and that they are represented hj a small number of species 
which seem, to those who confine their attention to living forms, 
as though they were out of place in the present fauna ; whereas 
to those who study both the li\dng and extinct forms, they 
appear to be antiquated, but not anomalous. 

The last monographer of the group, M. Alphonse Milne- 
Edwards, prefers to divide it into two families, the Tragulida and 
the Moschida. In his opinion it comprises three genera, viz., 
Moschus, Tragultis, and Hyomoschus, and we shall follow him. 
Before, however, entering into details, it will be as well to give 
his synopsis. The position of the group will be gathered from 
the annexed arrangement of the Euminantia in two sub-orders. 
The first sub-order, Phalangigraday comprises one family only, 
the Camelidas. The second sub-order, Un^ligrada. includes tne 
families Girajtdce, Bovida, CapridcBj AiUuopidaSf Uervidce, Mos- 
cJiidWf and Tragulida, 

MoSOHIDiE. 

Polycotyledonal placenta. No appendages to the forehead. 
Dental formula : — 

Incisors, 



0—0 

- — ■ : canmes, 

4 — 4 



1—1 , 6—6 

- — - ; molars, - — - 
0—0 ' ' 6—6 



Canines lareely developed in the male ; incisors in a continuous 
series, similar, and spatuliform. Stomachs four in number. 
Males provided mth musk secreting glands. 

Moschus. — This is the only genus and comprises but one 
species, M, moschiferus, 

TRAGULIDiE. 

Placenta diffused. No frontal appendages. Dental for- 
mula : — 

_ . 0-0 . 1—1 , 6-6 

Incisors, 3; — - ; canmes, - — -; molars, 



4—4' 



0—0' 



6—6 



Canines well developed in the males ; incisors arranged in an 
interrupted series, the middle ones being much wider and 
flatter than the others. Stomachs three in number. Musk 
secreting glands not present in males. 

Tragulus. — As used by the early zoologists, this name was 
synonymous with Moschus ; but in 1843 Dr. Gray applied it to a 
section of the Linnsean genus MoschuSy and it is in tnis restricted 
sense that it is now employed. Milne-Edwards defines it as 
having the middle metacarpal and metatarsal bones co-ossified 
into one canon bone ; the lateral digits well developed, and 
nearly co-equal with the canon bone ; and the inter-maiollary 
bones united with the nasals. 

T. javanicuSy Pallas. — Size small. The general colour is 
fulvous, mingled with black on the back and red on the flanks. 
The neck is gray ; the throat is marked with three white bands, 
separated by g£B,j interspaces. The head is black above, which 
tint is continued backwardly along the nape of the neck The 
tail is moderately long, brown on the upper, and white on the 
lower side, the last mentioned colour aJso prevailing at the 
extremity. The metatarsus is bald on its posterior surface, as 
also is the space between the lower maxillaries behind the 
chin. 

T. napu, Raffles. — Size considerable. Colour fulvous, mingled 
with black. Head, nape, and back darker than the rest of the 
body. Throat marked with five white bands, one of which is 
median, and four lateral ; of the four two are extensive, and 
situated low down, while the other two are small, and stretch 
along the maxillaries. The space between the large bands is 
almost black ; and a dark line runs from the eye to me nostrils. 
The tail is of moderate length, fulvous on the upper side, and 
white on the under side as well as at the extremity. Metatarsi 
bare behind. A bald patch is situated at the angle of the maxil- 
lary, just behind the chin. 

r. Kcmchil, Baffles. — Size small. Feet high. Colour of a 
deep reddish hue on the upper portions of the body ; middle and 
upper parts of the neck marxed with a well-defined bkck band, 
lliroat longitudinally barred with three white bands, with inter- 
spaces of the same colour as on the sides of the neck. Tail mode- 
rate in length, brown above, but white below and at the tip. 
Metatarsus bare behind. The maxillary angle behind the chin 
is also bald. 



T, Stanleyanus, Gray. — Size medium as regards the other 
species of the genus. Colour bright red, modified by black on 
the back and on the upper portions of the neck ; the sides of the 
neck, as well as the flanks of the body, are red. Throat marked 
with five white bands, of which the two uppermost are the 
smallest ; the interspaces have the same colour as the neck. 
The jaws are red ; and the head is more or less tinted with 
red on the upper portions. The tail is of moderate length, white 
on the under side, as also at the tip, and red above. The hinder 
face of metatarsus is bald. The inter-maxillary space behind the 
chin is also bald. 

T. memmna, — Size medium. Body ornamented with white 
spots and bands. The general colour is fulvous, the tint being 
darkest on the head and upper portions. The neck has five 
white bands, of which the uppermost lateral pair are very long, 
and the lower two much shorter than in the foregoing species ; 
the interspaces correspond in colour with the sides of the neck. 
Tail very short ; fulvous above, and white below and at the 
extremity. Hinder face of metatarsus covered with hair, 
and the intennaxillary space behind the chin is also covered 
with hair. 

Hyonwschus, Gray. — Median metacarpal bones distinct at all 
ages. The metatarsal bones are first isolated, and subsequently 
united to the canon bone. The latei-al digits are well developed, 
of robust proportions, and co-extensive with the middle digits. 
The inter-maxillaries are never connected with the nasal. 

H. aquaticus, Ogilby. Body heavy in proportions, long, and 
low on the legs, of a brown colour, and marked on the flanks 
with spots and bars of white. Throat ornamented with five 
longitudinal bands, of which the two upper lateral ones are very 
long ; the interspaces between them have the same colour as the 
sides of the neck. Tail moderately long, brown above, white 
below and at the tip. Hinder surface of metatarsus, and the 
submental maxillary an^ilar space, covered with hair. 

H, crassicSf Lartet. This is the only extinct species definitely 
recognised. 

Tlie musk-deer, or Moschus moschiferus, is like certain deer, 
but with far less slendemess of build, and with shorter legs. 
The head is small and short, and the muzzle is pointed and 
naked. The tail is very short, thick, conical, and smooth. In 
males of two years old and upwards it is bare and red ; but 
in young males and in females of every age it is hairy on the 
upper and woolly on the under side. The hinder limbs are 
much longer ana far more robust than the fore ; and this 
remark applies as well to the muscular as to the osseous parts ; 
an arrangement which is manifestly correlated with the usual 
clambering habits of these creatures. As has been mentioned 
in the E. C., each hair is variegated in tint ; and as these are of 
varying lengths and are differently disposed in various parts of 
the body, the ditferences of tint in those places are more or less 
due to the mechanical arrangement of the hairs. Independent 
of this there are variations of colour connected in some way 
with the age or growth of the individual, since the young differ 
somewhat from the adults. According to Milne-Edwards, whose 
statements are based upon the observations of Pallas, the yoimg 
have the head brown aoove, and grayish on the jaws ; the edge 
of the upper lip as well as imdemeath the chin is whitish ; from 
the chin two oiverging white lines proceed towards the angle 
of the jaw; on the hyoidean region is another white patch, 
which IS separated from that imder the chin by a lateral gray 
band, and which is prolonged on each side towards the ear, at 
the base of which is a tuft of whitish gray hairs. The hinder 
margin of this light collar is marked by some hairs of a darker 
tint than those on the contiguous parts of the neck, which form 
the commencement of a brown band that runs along the fore- 
part of the neck, and between the fore-limbs underneath the 
chest. On either side of this dark median band is a whitish line, 
which commences a slight distance from the above-mentioned 
collar along the breast, and for a considerable distance down the 
inner aspect of the fore- leg. The upper portion of the body, the 
flanks, and the outer sides of the limbs have a general reddisn hue 
mingled with gray. The sides and hinder portion of the back 
are spotted with ill-defined dapplings of gray. The spots are 
arranged in rows, and are laiger on the back than on the flanks ; 
and towards the umbilical region they become whiter. 'As the 
individual advances in a^e the differentiation of colouring 
becomes less marked, but the degree to which it is obliterated 
seems to be an individual character. Some adults retain the 
livery in a far less altered state than othera. Thus one adult 
specimen from Nepaul examined by Pallas had numerous spots, 
while another individual, an old male, from some of the moun- 
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tains of the contiguous countries, was of a uniform dark brown 
tint, without any traces of spots or of the white bands on the 
front part of the neck, and with faint indications only of a 
grayish collar on the upper part of the neck. Numerous other 
slight modifications of colouring have been observed, which, 
like those mentioned above, have been regarded as the distinc- 
tive marks of so many species. Milne-Edwards believes that 
there are no sufficient grounds for regarding them as distinctive 
specific characters, and that at most they constitute the varieties 
01 one and the same species. He recognises four varieties, which 
he names maciUata, vittata (which we suppose is the correct ren- 
dering of rubanie), concolor, and leucogcuter. He has no doubt 
many other varieties will be discovered when the animals are 
more closely studied in their native haunts. 

The general colouring of the adults of the several species of 
Tragulm has already been given in the synopsis ; but it may 
here be mentioned that Milne-Edwards decides that T,javanieu8 
is not the same as T. nafv,y as maintained by Bennett ; and that 
the description given m the E. C. applies to T. nopti. With 
respect to the colouring of the young a few words may be given. 
In T. javanicus the young has the same colouring and markings 
as the adult ; and a siimlar remark applies to T, namu. In 
T. Kanchil the young have the under side of the belly of a 
reddish tint, which tint is gradually changed to white in the 
adult. Dr. Gray recognised three species based upon specimens 
of T, KcmchU of different ages. The young with the russet 
belly were designated T. fulviventer ; those somewhat older, in 
which this tint was retained along a central band, were called 
T, intermedius : while T, Kanchil was retained for the white- 
bellied individuals. Dr. Qray has himself reco^sed that these 
characters are simply variations on the specific type. His 
ndstake teaches us the lesson that it is premature to. assign 
classificatory values to dififerences before the life history of the 
species in question or those of closely allied species have been 
traced out. In T. StatUtyanw the individuals present consider- 
able variations in colouring according to age. In one specimen, 
four months old, the stomach was umformly ruddy, without any 
intermixture of black ; the breast was white ; the small lateral 
bands on the throat were well defined, but the others were 
very obscure. As growth proceeds the russet hairs are replaced 
by white, but it frequently happens that the change is not com- 
pleted in mature individuals. The adults also present many 
variations of colouring amongst themselves. T, meminna also 
presents considerable variations in tints, which are partly due to 
sexual differences and partly to age. 

These few facts point to certain general conclusions. In some 
species the colouring varies little both as re^^ards the adults 
amongst themselves, and the individuals at different ages ; in 
others the variation is blight ; and yet in others it is consider- 
able, the variation amongst the adults being roughly proportioned 
to the extent of modification which is undergone by the indivi- 
duaL AVhy one species should vary in the same group of cha- 
racters which are constant in another is a problem for future 
inquirers to solve. 

Differences of an analogous kind are met with in all other parts 
of the structure. In Moschus the skull is long and narrow ; the 
cavity for the brain is of small extent as compared with the bones 
of the face, that is, those which immediately protect the sense- 
organs. The forehead is low, and almost on the same level as 
the nose, whereas in stags and antelopes this part is far larger 
proportionally, and raised considerably above the backwardly- 
produced plane of the nose. When the skull is in the hori- 
zontal position, this plane inclines upward at a small angle from 
before to behmd. The super-occipital bone slopes slightly 
downwards at the hindermost portion of the upper surfEu^e of the 
skull in MoscKut, and consequently adds to tne length of the 
head; whereas in nearly all Cervidm and ArUilopidcs it contri- 
butes to the vertical bacK surface of the craniunL The occipital 
foramen is large, but the condyles are small, nearly vertical in 
position, and dosely approximated ; whereas in the stags and 
antelopes the condyles are widely separated. The parietal 
bones are well developed, and the parietal crest which forms the 
upper border of the temporal fossss is distinct, and is continuous 
with, the external occipital crests, which are prolonged to the 
margins of tJie mastoid apophyses. At the lower edge of the 
hinoer portion of the pariet^ds are some vascular foramina, 
which are frequent amongst Cervidce, but rare amongst the ante- 
lopes. The temporal bones are of moderate size, and the tem- 
poral depressions are deep and lai^e. The ear aperture is small, 
and is separated from the spring of the zygomatic arch by a deep 
oval depression for the reception of certain nerves and vessels ; 



it is analogous to the cavity occupying a like position in Cervidce, 
Antilopidce, and BovidcB. The petrotympanic bone forms a 
small prominence with thick and rough walls ; but in TragtUtu 
and most Cerindcn the prominence is large and the waUs are thin. 
The frontal bone has on either side a longitudim^y. disposed 
depression just above the superciliary arch, which depression 
continues into a superficial groove, which extends as far as the 
lachrymal bone. In the valley thus formed is a linear series of 
suborbital foramina, an arrangement which is frequent in Cer- 
vidct; although in a few species of the last-mentioned family 
only one or two such foramma are present. The anterior edge 
of the frontal is deeply emarginated for the reception of tne 
nasal bones, but not so much so as in the CervidcB and A^iti- 
lopidce. The nasal bones are narrow, long, uniform in width, 
nearly horizontally disposed, and extend well beyond the inser- 
tion of the canine. In the Cei'vidas the relative length is far 
less ; and in the AntUopidm the nasals are remarkably short. 
Amongst the Cervidce the muntjac comes nearest to the present 
genus, and in it the nasals reach the level of the canine ; in many 
other species they stop short of this point ; and in the moose- 
deer, as also in the camels, they fall far short of it. The lachry- 
mal is large, and fits into a groove of the maxillary ; it is flat, 
and without the depression which lodges the tear-glands in most 
of the CervidoB ana AntiU^pida, There is only one lachrymal 
foramen, which is placed at the lower side of the bone, and close 
to the orbital margin, an arrangement which is the exception 
o.moj^Bt GervidcB, and the rule amongst antelopes. Its anterior 
margin is articulated with the frontal ; and it is separated from 
the nasal by the backward continuation of the maxillary, as far 
as the frontal. The maxillary bone is very large, and deeply 
excavated for holding the enormously-developed canine. It is 
penetrated by the suoorbital foramen just above the fore edge 
of the first molar. The intermaxillary bones, the nasal aper- 
tures, and the incisive foramina, are broad. The position of 
the posterior orifices of the nose varies according to age and 
idiosyncrasy; in most ruminants they are narrow, and never 
exceed haft the length of the hinder margin of the palatine 
arch ; in Moschus the middle portion of the palatine bone, 
which forms the anterior margin of the internal nasal apertures, 
does not terminate, as is usually the case, on a Ime with 
the adjacent margin of the pterygoid fossoe, but is continued 
backward so as to contribute more or less to the osseous arch 
between these two fossae. This peculiarity is more marked in 
young individuals than in adults, but it never becomes so con- 
spicuous as in Tragulus, The lower jaw is similar to that of the 
UervidcBf more especially as regards the great extent of the 
diastema, the well-defined angle of the jaw, the small size and 
shape of the condyles, and the oroad lamellar subfalcate and hish 
coronoid. The mentary foramen is single, and conc^ed by tne 
canine when tl^e mouth is closed, while a little farther back, but 
on a slightly higher level, is a nutritive foramen. The dental 
system is, in general features, like that of most ruminants. The 
lower incisors are ei^ht in number, similar in form, but gradu- 
ally diminishing in size from the first to the fourth on each side. 
The median are closely contiguous, spatula-shaped, as in deer 
and antelopes, and with a rounded trenchant margin. Professor 
Owen is oi opinion that the outermost pair are really canines, as 
is always indicated by the lateness of their development, and 
frequently by some peculiarity of form; but Milne-Edwards 
demurs to this view. Such a question as is above indicated would 
be at once settled by following out the development of the 
dental system. The upper canines form one of the most promi- 
nent peculiarities of the musk-deer, but care is required not to 
confound the conspicuousness with the importance of a cha- 
racter. In no other ruminant are these canines so long, as in 
Mosehua moschiferw, and although the upper canines are placed 
in the first rajik as distinctive marks of difference from the 
CervidcB. yet there are many phenomena connected with these 
teeth wnich indicate the relationship between these two groups. 
In all Cervidce, and in nearly all ruminants, the upper canines 
are larger in the males than m the females, and this is conspicu- 
ously the case in Moeckus, in which the tusks of the male often 
project beyond the lip for more than two inches, whereas in the 
younff and in the adult females they are not perceptible ex- 
ternally. Amongst the Cervidce the muntjac has exserted 
canines, but they do not approach the dimensions of those of 
Moschtu, but, as in that. genus, they are confined to the adult 
males. Professor Owen notices that there is a remarkable 
relation between the developments of the canines and the horns, 
the former being large when the latter are small, and vice vered, 
as though there were some functional connection between the 



651 



MOSCHIDiE. 



MOSCHID^ 



65S 



two. As these parts seem to be subject to the same general laws 
in both groups, and present, even amongst living species, a 
marked graduation of development, one might almost expect to 
discover extinct species which would fill up the gap between the 
Cennda and Moschxdoi, One such form seems to be presented 
by Dremotheriwn of miocene times, which had canines almost as 
large as Mosdvus, and which, we may conjecture, had the horns 
either absent or of small size. The molars are six in number, as 
in all ruminants, the permanent set consisting of premolars 2, 3, 
and 4, and of the true molars 1, 2, 3. In character they most 
resemble those of CervidcB, but they present some minor difier- 
ences therefrom. 

We will next turn to the skuU of TraguliLs, In general form it 
resembles that oiMoschuSf but is by no means identical therewith. 
Thus in Moschus mosehiferus the contour of the upper surface, 
from a lateral point of view, is as follows : the margin of the 
nasal aperture slopes upward from the incisors at an angle of 
about 40°; then commencing from the anterior end of the 
nasals, the slope is about 20° to a little behind the orbit, and 
from this last point there is a downward slope of about 25°. In 
Tragulus napu the margin of the nasal aperture slopes upward 
at an angle of nearly 70° ; from the anterior end of the nasal to 
the middle of the upper border of the orbit the inclination up- 
wardly is nearly 40 ; from this it runs nearly even to a level 
with the hinder margin of the lower jaw, and then declines 
nearly 20° to the back of the skull. In T. KanchU there is the 
same upward inclination of the margin of the nasal aperture as 
in T,ruipu; but from thence there is a general slope, modified 
by slight undulations, and hj a slight prominence over the orbital 
region, of about 30° to a pomt on a Ime with the posterior angle 
of the lower jaw ; and from this point there is a declination of 
about 15°. In T, meminna the margin of the nasal aperture 
makes an angle of about 65**; then there is an even slope of 26° 
to a point a little behind the orbit ; from whence tnere is a 
decliimtion of about 20°. In Hyomosclms^ as will presently be 
indicated, the contour of the upper surface of the skull is more 
depressed than in any of the preceding species. As may have 
been noticed, the contour of the skull of T, napu is modified by 
the prominence of the upper margin of the oroit This margin 
is somewhat lower in MoscJitis, being almost level with the 
margin of the upper surface of the skuU ; in T. KanchU it is 
somewhat lower still ; while in T. meminna it is much lower. 
The greatest height of the skull, by which we mean both 
cranium and lower jaw, is in the vertical plane descending from 
where the upward mclination of the cramum terminates, to the 
imder angle of the lower jaw; and the length of the skull is 2 J times 
greater than the height. In T. nnpu the greatest height is from 
the middle of the orbit, and by the anterior end of the true 
molar 3 to the base of the lower jaw. The length of the 
skull is barely twice the height. In T, Kanddl the plane of 
greatest height is situated at almost the same corresponding po- 
sition as in Moschus, The length is far short of twice the 
height, the deficiency being about one-sixth of the latter dimen- 
sion. In T, mtminna the point of greatest height is similarly 
situated as in T. najpv., the modification being due to the down- 
ward curvature of the under side of the lower jaw. The re- 
lation between height and length is the same as in the last 
ppecies. The greater relative length of the skull in Moschus 
than in Tragulus is also shown in the proportion between the 
line from the incisors to the fore part of the orbit, and from the 
latter point to the back of the skull. In Moschus the former 
exceeds the latter ; in Tragulus the former is shorter than the 
latter. In connection with this may be noticed the great extent 
of the diastema in Moschus as compared with what it is in Tra- 
(jalus. In Moschm the distance from the foremost incisor to the 
commencement of the molar series, is eaual to the extent of the 
molar series itself, and these parts together occupy three-fourths 
of the lower jaw. In T. napu the molars occupy almost twice as 
much space as the distance from the first incisor to the first 
molar ; and the same remark applies to T, KanchU. In T. m«- 
«7itnna the molars occupy nearly two and a half times the space 
Irom the foremost molar to this front incisors. The backward 
extension of the molar series also presents differences. In Mos- 
chus the hindermost molar is in a line with the middle of the 
orbit ; in Traaulus napu and T, KanchU it extends to the pos- 
terior bird ; but in T meminna it is situated almost in a line 
with the hinder margin of the orbit. The parietals are well 
developed, and approach much nearer to the orbits than in 
Moschus and in most ruminants. The frontal is long, narrow, 
and extends beyond the orbit, and to a line with the suborbital 
foramen. The articulating margin of the frontal with the nasal 



is straight, and not emarginated as in Moschus and most rumi- 
nants. There is only one suborbital aperture. The temporal 
fosss9 are smaller and shallower than those of Moschus, and do 
not reach so high up towards the sinciput as in Moschus and the 
Gervidce generaQy. The ear aperture is small, and situated im- 
mediately below the zygomatic arch, there being no hiatus as in 
Moschus, Gervidce, ana Antilopidce, The petrotympanic bones 
are usually prominent, and form large tuberosities on either side 
of the basal portion of the occipital bones. This differs much 
from what occurs in Moschus, but comes nearer to the develop- 
ment of the same parts in some of the African antelopes, in the 
Rucervus Duvaucellii of India, and in the Rusa equina of Su- 
matra. The lachrymals are much larger than in Moschus, 
usually of a quadrilateral form, and unite with the frontals by 
the whole of their upper margins. These bones have no depres- 
sions for the tear glands, a feature in which this genus agrees 
with M§8chus and differs from Cervidoe, There is no foramen at 
the junction of the lachrymal, frontal, nasal and maxillary bones, 
in which respect it differs from Moschus, the Cervidof, and most 
antelopes. In Moschus, the fore margin of the orbit is in a line 
with ttie fifth molar ; while in Tragmiis it is advanced nearly as 
far as the third molar. The palatine foramen is formed entirely 
in the palatine bone, and th^ middle portions of the palatines arc 
so produced as to push the hinder nostrils very mu<li backwiurd, 
ana to convert the posterior portion of the nasal cavity into a 
tube, the orifice of which is widely separated from the anterior 
edge of the pterygoid fosste* The coronoid process is very small, 
and when the mouth is closed projects but little above the zygo- 
matic arch, a character which enables us readily to distinguish 
the skull of Ttagulus from Moschus and all ruminants, and one 
which seems to connect this family, although distantly, with the 
Suidof. In the dental system it may be noticed that the eight 
incisors form a discontinuous series, there being a consideraDle 
gap between the middle pair, and that there is an appreciable 
difference in the shape of the several pairs. The canines are 
laii^e in the males, but ore by no means so highly developed as 
in Moschus; and, moreover, their shape does not correspond with 
those of the genus named. The three true molars, and the first 
premolars on each side of the upper jaw, do not present any great 
difference from the correspondmg teeth of Moschus, but the two 
front premolars do present striking differences. The form of the 
three premolars of tne lower jaw mfferentiates Tragulus from all 
ruminants except Hyomoschus, 

The great disproportion in the length of the fore and hind 
limbs of Moschus is associated with omer differences of a more 
marked kind in the osseous structure of the limbs. Thus the 
canon bone of the fore-limb is much shorter than that of the 
hind-leg. In the fore-limb the false hoofis, or external digits, 
are articulated with the sesamoid bone. The first phalanx is 
very short, and is provided with an extensive but obliquely 
disposed articular facet ; the second phalanx is robust in form ; 
and the third is long. There is no trace of any lateral metatarsal 
bone. The lateral digits of the fore limb are also of consider- 
able length, but they are articulated, not with the etesamoid, 
but with a small conical metacarpal bone, which is attached to 
the canon bone by stout ligaments for more than two-fifths of 
the length of the latter. 

In Tragulus the metacarpus is formed of a short and stout canon 
bone, formed by the union of the two median metacarpals, and 
of two lateral bones, which represented other two metacarpals. 
The dual nature of the canon bone is indicated by its com- 
pressed form, combined with the presence of a deep median 
groove. The structure of the lower articular surface of the canon 
bone difiTers from that met with in Moschus and ruminants gene^ 
rally, and approaches that presented in Cainotherium and Suida^ 
The lateral metacatpals are solidly connected with the canon 
bones, and are almost co-equal in length therewith. The lateral 
digits are shorter than in Moschus, and do not extend farther 
than the middle of the first phalanx of the median digits. The 
metatarsal is also formed of a canon bone composed of two me- 
tatarsals soldered together, and of two lateral met&taifsals, one 
of which, usually the outermost, is frequently ossified more or 
less with the canon, especially in om individuals. In the 
annexed table we have brought together the dimensions of the 
various parts of the animal and skeleton in the species of 
Dragulus, from which may be gathered their absolute sizes and 
relative proportions. The metre is retained as in the original, 
and is equal to 39*37 English inches. Column 1 appertains to 
Tragulus javanicus; column 2 to T. napu; column 3 to jT. 
KanchU; column 4 to T, Stanley anus y column 5 to T. me- 
minna; and column 6 to Hyomoschus aquaticus. All the mea,* 
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Buiements relate to the males, except in the case of T, 
Stanleyanus : — 





1 


2 


3 


4 


5 


6 




metre. 


metre. 


metre. 


metre. 


metre. 


metre. 


Length of body. 


•10 


•57 


•42 


•485 


•55 




head . . . 


•10 


•12 


•08 


•115 


•12 




neck 


•09 


•10 


•09 


•100 


•07 




Height at withers 


•21 


•26 


•21 


•230 


•24 




rump 


. -23 


•28 


•23 


•2.50 


•30 




Length of tail 


•075 


•085 


•075 


•070 


•02 




anterior canon . 


039 


045 


•041 


•041 


•035 


•on 


posterior canon. 


•059 


•069 


•065 


•062 


•056 


•062 


radius 


. -056 


•069 


•058 


•062 


•055 


•080 


cubitus 


. -070 


•086 


•070 


•078 


•072 


•098 


humerus . 


•068 


•080 


•068 


•075 


•074 


•110 


calcaneum . 


, -026 


•037 


•024 


•030 


•027 


•044 


tibia 


. -093 


•110 


•095 


•102 


•099 


•130 


rotula . 


. ^020 


•027 


_ 


•026 


•021 


•033 


femur 


. •081 


•100 


—. 


•097 


•086 


•136 


pelvis . 


. -086 


•120 


— 


•105 


•105 


•173 


skull 


. •095 


•115 


•089 


•110 


•100 


^ -143 


from the cxtremit; 












1. 


of the muzzle t< 














the first uppei 














molar . 


. -025 


•034 


•023 


•030 


•021 


•035 


from the first tc 














the last molar 


. 032 


•040 


•030 


•038 


•042 


•050 


of lower jaw 


. -075 


•094 


•070 


•088 


•081 


•113 


lower molai 














series . 


. -038 


•045 


•034 


•04a 


•047 


•060 


first anterioi 














phalanx . 


. -009 


•013 


•009 


•Oil 


•010 


•014 


Bccoud do. 


. -006 


•008 


•006 


•006 


•007 


•010 


first posterio] 














phalanx . 


. -014 


•020 


•012 


•016 


•013 


•015 


second do. 


. ^009 


•012 


•007 


•008 


•009 


•Oil 


canine. 


. •ou 


•022 


•012 


•003 


•017 


•030 


Circumference of posterioi 














canon in th( 


3 017 


•024 


•016 


•018 


•018 




middle . 














of anterior canon 


.* -016 


•020 


•014 


•016 


•017 





Hyomoschut is more like Tragulus than Moschtis, but it differs 
from the latter genus to a greater extent than Tragulus does. 
The upper contour is remarkably flat ; thus the angle formed 
by the line joining the anterior end of the premaxiUary and 
nasal and the horizontal basis of the skull is barely 20° ; the 
slope from the nasal bone to a point in a line with the middle 
of the orbit is about 16° ; andm>m the last place to the back of 
the skidl the slope downwards is on the average not more than 
10°. The greatest height is where a vertical plane passes 
through where the upward and downward slopes, alreadv 
mentioned, imite at the summit of the cranium ; and the length 
of the skull is more than twice its height. The diastema is 
moderate in length, but the molars occupy a considerable space, 
or more than half the length of the lower jaw. The parietal 
crests are slightly developed in young inoividuals, but are 
very prominent in adult males. The petrotympanic bone is 
more prominent even than in Tragulus, The mtermaxillary 
bones are short, united with the maxillaries, but are not 
prolonged so far as the nasals, as is the case in Moschus and 
Traaulus, The coronoid process is small, as in Tragultu, The 
teetn generally resemble those of the last>mentioned genus, but 
the molars are more mammillated, and so far they come nearer 
to the type of form which occurs in some Pachyaerm(Ua, The 
upper canmes are large, exceeding those of Trctgulus, but falling 
considerablv short of Uiose of Moschus, 

As regards the visceral organs Moschus approaches the Cervidcs 
more closely than the other genera. As in most ruminants the 
stomach of Moschus is divisible into four portions known to 
anatomists by the special names of rumen, or paunchy reticulum, 
psalterium^ and abomasus. In Tragulus the stomach is simpler, 
and it is conjecturaUy probable that Hyomoschus has as simple, 
and perhaps a simpler, stomach than Tragulus, Professor Milne> 
Edwards gives a full description of the stomach of Tragulus, and 
Professor Owen a somewhat shorter one ; the following descrip- 
tion is that by the last-named authority :■ — " In a pigmy musi- 
deer {Tragulus KamchiCS the paunch is of a sub-globular form, 
partially divided into three chambers by the folding inwards of 
the panetes, forming prominent ridges ; the inner sunace is beset 
with filamentary vifli, covered by dense epithelium. The second 
cavity or reticulum is less distinctly separated from the rumen 
than usual ; the cells are very shallow and are lined by dense 
epithelium. The passage leading from the oesophagus to the 



third cavity is bounded by two low parallel ridges : the longitu- 
dinal lamellsB which are characteristic of this cavity in other 
ruminants are wanting, but as it possesses the dense epithelium it 
may be reg£u:ded as a rudimentary form of psalterium ; it is par- 
tially separated from the fourth cavity by a semilunar wld. 
This cavity has a smooth gastro-mucous membrane ; the muscu- 
lar tunic is thickest at the pyloric end, where a small valvular 
protuberance projects above the orifice leading to the intestine. 
This least complex condition of the true ruminant stomach 
represents a stage in its development in the larger species." 
Milne-Edwards agrees with Owen in the greater simplicity of the 
stomach of this species relatively to that of other genera of the 
Rwmiriantia, but he differs from him in regard to the extent of 
the simplicity. He says that the individiMJs dissected by him 
belonging to T, javanicus, T, Stanleyanus, T. Kanchil, and T, 
meminna, had no trace whatever of the thiixl division of the sto- 
mach or psalterium, and that the statements of former zoologists 
asserting the existence of this part in the musk-deer group have 
been based upon the examination of individuals which do not 
belong to it, but to the Cervidce or Antilopidos. This observation 
will not apply to Professor Owen's description, since T. Kanchil 
is admitted to belong to the musk-deer group ; the explanation 
in this case seems to be that Professor Owen regards certain 
appearances as the rudiments of psalterium, which have not been 
regarded as such by Milne-Edwards. The two authorities above 
mentioned have remarks on the liver, the brain, and other 
organs, but those who wish such details must consult their works ; 
passing by these we will notice Milne-Edweods' views as to the 
affinities of the Moschidcs in the older and wider sense of that 
term. He says it does not form a natural group as usually sup- 
posed, a view which was first proposed by M. Pucheran, who 
separated Tragulus horn. Moschus on account of the wide diffe- 
rences in the structure of their viscera, more e^cially of the 
stomach. These differences he thought were sufficient to war- 
rant the establishment of two famihes, viz., the Tragulidce and 
MoschidiB, a view which had been rdected by almost all subse-* 
quent anatomiste previous to Milne-Edwards adopting it. The 
absence of horns and the large development of the canines have 
induced some to place the musk-deer in the same division as the 
camels, but this grouping cannot be admitted. The Oamelidce 
form a distinct family from aU other ruminants, being differen- 
tiated from them by oi^ganic distinctions of great importance^ 
such as the elliptical form of the blood globules, the structure of 
the stomach, the arrangement of the teeth, and the formation of 
the feet. This view is expressed in the synopsis previously 
given ; from which it will also be seen that the musk-deer are 
arranged along with the other ruminants. The camels walk on 
their fingers ; out all the other families walk on the tips of their 
toes. The Moschidos (in the narrow sense) agree with the Cer- 
vidce in the form of the placenta, and in the general plan of 
structure of the brain, stomach, and skeleton. The absence of 
horns is not a character of so much classificatory importance as 
might at first be supposed. In some species of Uervida: horns are 
present in both sexes ; in others the females want them ; and in 
others they are rudimentary. Hence their absence in Moschidof 
may be looked upon as due to their development having stopped 
short of that stage at which these appendages are produced. 
Both groups belong to the same type, which is more fully 
developed m Cervidce than in Moschidce. As has already been 
noticed, the laige upper canines do not serve to absolutely divide 
the Cervidce from tne Moschidce, The pnncipsd distinctive 
anatomical character is the musk gland, but this is a sexual 
peculiarity. The differences which separate the Moschidce from 
the Tra^gulidce are more numerous ana significant. The Tragu- 
lidce are separable from the Moschidce and all ordinary ruminants, 
by the structure of the placenta, a character which approximates 
tnem to the CameUdce, the Solidungula, or horse group, and the 
Omnivora, or hog group. The stomach of Tragulidce differs from 
that of Moschidce, and aU. other unguligrade ruminants in the 
way above described. The blood globules of the Moschidce are 
not known, but those of the TVagulidce are at once distinguish- 
able from those of all other ruminants, so far as examination has 
proceeded, by their excessive minuteness. The Tragulidce differ 
from all other families of the Ruminantia by their complete 
lateral metatarsal and metacarpal bones ; by the union ot the 
cubo-scaphoid with the cimeiiorm bone ; and by the simpler 
character of the brain. They further differ from Moschidce in 
wanting the musk gland. The Tragulidce apparently connect 
the ruminants with some of the pachyderm families. This is 
most marked in the resemblance between Hyomoschus and 
Cainotheriwm, 
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The distribution of Moschua is far more extensive than Pen- 
nant was aware of. Its head-quarters is probably the highlands 
of Central Asia ; and from this centre it spreads out over 
nearly the whole of Asia. In places it is knovm to occur 
north of the arctic circle. It has been recognised in the 
neighbourhood of the sea of Okhotsk, in the moimtain ranges of 
China, and on the south-east coast of Cochin China. In the west 
it frequents the basins of the Irtish and Obi, Mongolia, Thibet, 
Kashmir, and NepauL Roughly stated, the known area of 
distribution extencw from 70° to 170° E. long., and from 65° 
to 15° N. lat., which may be estimated at about two million 
s(j^uare English miles. The individuals are not uniformly 
dispersed, -but are most a^regated in the most mountainous 
districts, so that even in the most southern portions of the 
area they live in a temperate or cold climate. Tragulus is 
adapted for, or at any rate exists in, a warmer atmosphere than 
MoschuSy and occupies all the portion of Asia south of that 
frequented by that genus. In a few places the two genera are 
found on the same area, but in such cases the Mosehus inhabits 
the mountains, and the species of Tragvlus dwell in the lower 
land ; so that, as far as has been ascertained, individuals of the 
two groups have never been seen at the same moment of time 
when in their native haunts. The species have very restricted 
areas, and in no case will such areas compare with that of the 
far-ranging Mosehus Tnoschiferus, The nead-quarters of this 
genus seems to be the south-eastern islands of the Malay 
Archipelago. T. Kanchil encroaches more nearly on the 
domam of MoschxLS than any other species. • It has been 
obtained from Cambbja, Siam, the Malay peninsula, Poulo- 
Penan^ Borneo, and Java. T. javanicus is also resident in 
Poulo-t*enang, Java, and a few other neighbouring islands of 
the Malay Archipelago. T, napu is only fcaown from Sumatra, 
from which island the two previously mentioned species would 
seem to be absent ; but as this region of the globe has been 
insufficiently explored, our knowledge of the distribution of 
each species Js liable to be matenally modified by future 
researches. T. StcmUycmus has nearly the same distribution as the 
foregoing ; but with a more westward extension, since spe- 
cimens nave been obtained from India and . Ceylon. T. 
meminna carries .on the generic area so as to connect it with the 
western range of Moschas in the same way that T, Kanchil forms 
the connection on the east. T. meminna is abundant in Ceylon : 
and is less common in Southern India, and there are faint indi- 
cations that it ranges as far north as Nepaul. The other forms of 
the musk-deer group are widely separate from the main family 
area. Hyomosmus aquaticus is known only at Sierra Leone, on 
the west coast of Africa, and H, crassfos is as yet confined to the 
miocene strata of France. The existence of these two species in 
the same parallel, viz., about 5° E. long., but separated by 40° of 
latitude and an immense interval of time, ana far away from 
their nearest allies in Asia, permit us to infer that other species 
of the same family will be discovered in the intermediate areas, 
at present without representatives, either living or extinct within 
the tertiary epoch. It is not unlikely that some of the. deer-like 
osseous fragments already stored in our museums may prove to 
belong to the present group, such, for instance, as those assigned 
to the Dremotherium of E. Greoffirojr St. Hilaire ; the Amphitra- 
giUus of Pomel, the Dorcatherium oi Kaup, and a few other genera, 
founded, like the above, on fossil bones. 

(Milne-Edwards, AnnaUs des Sciences Naturelles, 5th S^rie, 
tome ii. pp. 49 — 167; Owen, On the Anatomy of Vertebrates, 
vols. ii. ana iii.) 

MYTILIDiE [E. C. vol iii. cols. 1031-1042]. The mussels 
form a group. of^ molluscs which seem to have flourished from 
almost uie earliest geological times, having representatives in 
strata of every period, from the Silurian to the present. In the 
present seas they are to be found on almost every shore. If 
organisms are related in any essential way with surrounding 
conditions of life, it may be surmised that through all the long 
8Bons of the past, as far back as the time above indicated, the 
conditions under which mussels may thrive have persisted with 
little if any modification. It is noticeable, not only that repre- 
sentatives of the family have formed a portion of the fauna of 
every period, but also that the same genus has been permanent 
in many districts, as, for instance, Mytilus in western Europe. 

The Mytilidas are closely allied to the Amculidce, the members 
of which agree with mussels in having the mantle open in front, 
and in having a short siphon, through which the water is drawn 
in, bearing with it the food on which the molluscs live, and 
the air required for breathing. The mussels, however, differ 
from the Aviculidcej in having the mantle open in front only. 



and in having the posterior portion folded into a wide excturent 
tube, forming a second siphon, through which the refriBe of the 
system is expelled. The shell of the Amculidce is scaly, w^hile 
that of the Mytilidas is covered with an epidermis. 

The definitions and limits of the principal groups present con- 
siderable variation amongst the authorities, but according to 
Mr. J. Q. Jeffreys, the genera which are now living in British 
seas are Mytilus^ Modiolaria, and Grenella, In addition may be 
added Dreissenc^ although some authors consider this genus to 
be the type of another but nearly allied family, the DreissenidcE, 
as also Modiola, which Jefixeys mei^es in the genus Mytilus, as 
understood by him. The relationships of the first three genera 
mentioned in this paragraph will be partially gathered from the 
definitions given of them by Mr. Jefifreys, which we append. 

Mytilus, Body subconical ; mantle widely open in front ; foot 
strap-shaped ; shell oblong or oval ; hinge often furnished with 
small tubercular teeth. 

Modiolaria. Beck. Body suboval ; mantle folded in front into 
a wide incurrent tube, and behind into a conical excurrent tube ; 
foot strap-shaped ; shell subrhomboidal, sculptured by two rows 
(one on each side) of strias which radiate from the beaks, leaving 
the middle portion smooth; beaks incurved ; hinge mostly tooth- 
less, but sometimes crenulated ; hinge-plate finely notched. 

Grenella. Brown. Body roundish oval ; mantle open in front, 
and folded behind into a sessile excurrent tube ; foot worm 
shaped, the point being disk-like, issuing out of a sheath; 
shell oval or rhomboidal, cancellated by longitudinal ribs and 
transverse plates ; beaks straight ; ligament small ; hinge of each 
valve furnished with an upright tooth, which is crenulated, as 
well as the hinge-plate. 

Of the genus as understood by Jeffreys, there are five species 
which frequent British shores. The most common is Af. eduiis. 
Its size is much influenced by the station which the individuals 
select ; but whether large or small, the full dimensions are 
acquired in a single season. The specimens which take up their 
quarters in narrow chinks are frequently remarkably stimted, 
and yet their maturity is manifested by their being capable of 
developing eggs. Such stunted specimens are frequently more or 
less deformed, and constitute the variety incurvata, OUier speci- 
mens attach themselves to chains and floating buoys, \mder 
which circumstances they are able to attain unusual dimensions ; 
and these form the varieties aalloprovincialis and pelludda. 
If modifications of external conditions, such as have been re- 
ferred to above, are able to modify the size of this species, we 
may expect that similar changes ma^ be produced on other 
species under like conditions, and this we believe is the case. 
The averse size is 2'3 inches in length, and 1*2 inches in 
breadth. One of the laigest specimens known is that described 
by Dr. Nprdmann, from Edgecombe Isle, off the coast of North 
America, which is upwards of 9 inches in length, and 4^ inches 
in breadth. > M. mmiola is a second. species, which is frequently 
regarded as the type of a distinct genus; but Jeffreys follows 
Deshayes in his conclusion that there is no need to have two 
genera when the characters of the one mei^e into those of the 
other. This species is a morenoilhem shell than AT. edulis, and 
its British habitats are near the southern confines of its limits. 
The usual size is 5 inches in length, and 2^ inches in breadth; 
but in one variety the size ia usually only 3 inches in length by 
2 inches in width. Some specimens, however, far e^^ceed the 
above dimensions, and may attain a length of 9^ inches. M. bar- 
hatus is a small species, which chiefly frequents the Mediterra- 
nean, and its northern range just extends to the southern shores 
of the British islands. , Jid! adricUicus is a still smaller species, 
and, like the last mentioned, is far more common in the south 
than in the north of Europe ; the northern specimens are, on the 
average, lai^ger than those from the south. The average size ia 
1*2 inches in length, and '7 inches in width. M. phaseolinusia 
the smallest of the British species, the length of an average-sized 
specimen being '65 inch, and the width •376 inch. It is to be 
found on almost every tract of rocky ground below low-water 
mark in the seas surrounding the British islands, and ranges from 
the Mediterranean on the south, to the North Cape on the north. 
As is the case with other species, the southern specimens are 
smaller than the northern. 

The genns Modiolaria has four British representatives, all of 
which are small as compared with the species of Mi/tUu^, The 
sizes seem to be correlated with the latitude, for, roughly speak- 
ing, the species which have the most southern areas are smaller 
than those which extend farther north. The largest is M, nigra, 
its average size being 1*65 inch in length, and '65 mch in breadth. 
It is an exclusively northern species, abounding on all the Scandi- 
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navian shores, as also on the coasts of Qreenland, Newfoundland, 
and Massachusetts. Its most southern range, so far as known, 
is the Dogger Bank, off Yorkshire. The size is subject to much 
variation, and sometimes the length is 2J inches. M, marmorata 
follows ne;Lt in order of size, the average length being '76 inches, 
and the width *45 inches. It is not known to be an inhabitant 
of American seas, and in the European area its range extends from 
Finland to the -^gean. M. discors has an average lencth of 
•5 inch, and a widtn of '35 inch ; but in one variety the length 
is oidy *VJb inch, and the width •! inch. Its habitat is more 
especially amongst the roots of seaweeds. It has a wider range 
than the foregoing species, extending from Greenland to the 
iEgean Sea. It is subject to much variation, and some of the 
varieties have been regarded as distinct si)ecie8 ; but we think 
Jeffreys is right in condemning the practice too prevalent 
amongst zoologists of establishing species upon insufficient ma- 
teriad. Thus, he says, with reference to the varieties of the 
present species, that " the gradual passage from any one of these 
forms to another is very evident, if a sufficient number of ex- 
amples of all ages and from many localities are submitted to the 
inspection of a tolerably practised observer ; and the deplorable 
fashion of species-ms^dng might be in some measure restrained 
by adopting this method in all cases, instead of selecting a few 
particular specimens and discarding young shells and those which 
offer inconvenient proofs of transition." M, costulatiui is the 
smallest British species, the usual length being '4 inch, and the 
width *2 inch. It lurks beneath stones and amid sea-weeds in 
rocky pools. It occurs on the southern shores of the British 
isles, but it flourishes better in more southern seas, extending as 
far as the Canary isles. 

Of Grenella two British species are known, both of them mi- 
nute. C, rhombea has a length of *13 in., and a width of '2 in. 
It has been discovered in a lew localities on the south coasts of 
England, and in none of them is it plentiful, although, on the 
opposite side of the Channel it is far more abundant. U, decussata 
has a length of *15 in. and a width of *12 in. It is more or less 
abundant all round the northern shores of the British Isles, and 
extends farther north into the seas of Scandinavia, Iceland, and 
Greenland. The following account of its habits is from Mr. 
Jeffreys^ work. " This exquisite gem of a mollusk is hardy, and 
active. Not being able to examine living specimens at the time 
they were taken, I picked out a few from a small heap of dredged 
sand, which had been lying on a pathway for two days, exposed 
to continual rain, and partly trodden under foot After keeping 
them for eighteen hours in a small glass vessel of sea water, they 
revived, and were alive for many days, the water being occasion- 
ally renewed. While crawling about, they sometimes carried the 
shell erect, with the beak in front, but more frequently in a 
slanting position. They seemed fond of getting to the surface of 
the water, when the Grenella would spin with its foot a single 
pellucid thread, which it fixed to the side of the vessel, and it 
would hang f like a Sphctrium) for^ours thus suspended, the beaks 
of the sheU oeing undermost. The shell being nearly transpa- 



rent during the lifetime of the animal, the green liver is distinctly- 
seen through it, occupying the umbonal region. The foot stfdk 
or pedicle is semicylindrical, and becomes twisted if the animal 
is placed on the wrong side. The creeping disk or lobe is very 
flexible, and in some degree extensile. It is half as broad again 
as the stalk, and proportionally thicker. A dusky line runs down 
the middle of the stalk, apparently showing the muscle which 
connects the terminal lobe with the basal attachment of the foot 
to the body. While the animal is crawling a tremulous move- 
ment is seen to pervade the lobe. The stalk and sheath are 
faintly wrinkled across. The foot is protruded from the ventral 
opening in the mantle, and extends in a direction opposite to liat 
of the beaks." 

Dreissena is a fresh- water genus, as has already been indicated 
in the E. C, where reference is made to the distribution of D, 
pol'ifmorpha, whose recent extension into many of the rivers of 
Western Europe forms one of the most remarkable episodes in 
the history of molluscan life. In this extension the genus is only 
regaining the ground which it occupied in former tertiary times. 
One species is especially common in the tertiary fresh water basin 
around Vienna, some of the beds of which are designated the 
* Congerien-Schichten' from the abimdance of the Dreissena shells 
in them. Cong&riay we may notice, is one of the synonyms of this 
genus. The true home of D. polymorpha appears to be the Cas- 
pian Sea and its affluents (from whence the earliest specimens 
which were scientifically described were obtained), and &ie other 
lakes of Western Asia. Less than half a century ago this species 
was unknown throughout the North and West of Europe, occur- 
ring in none of the local lists drawn up before about 1820. Soon 
after this it was discovered in several places at once, and since 
then its further extension has been imder close observation. 
England was one of the first countries to which it made its way, 
the date of Sowerbys discovery being 1824. In 1826 it was re- 
ceived from some of the streams which flow into the Baltic ; in 
1826 it found its wa^ into the Rhine basin ; in 1828 into the 
Elbe basin ; in 1833 into the basin of the Meuse ; about 1834 
it was first observed in Scotland ; in 1838 it was first seen in 
France ; in 1856 it was first detected in the Loire ; and since then 
it has been gradually invading other streams, and working its 
way more into the central and higher portions of the Continent. 
The facts that have been accumulated indicate that the spread of 
the species has been effected in great measure by the indirect 
affency of man. The pnncifNal means has been the transportal 
of timber, and this is quite in harmony with the circumstance 
that the earliest /oci of extension were the chief ports of Western 
Europe ; and that in many instances the first localities noticed 
were canals connected witn the rivers, and not the rivers them- 
selves. 

(JeflBreys, British Conchology, vol. iL ; Fischer, P., Joum, de 
Conch.f xii., p. 309 ; Woodward, Manual of the Mollusca, 2n(i 
edition ; Chenu, Manuel de Conchyliologie; Zoological Record, vols, 
i., ii., iii. and iv.) 
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NANNOPERCA. A genus of fishes belonging to the family 
PercidcB, Dr. Giinther defines it as havmg the body com- 
pressed, oblong, and as being covered with scales of moderate size. 
There is no recumbent spine before the dorsal fin. The anal spines 
are three in number. Narrow bands of villiform teeth occur on 
the vomer and on the palatine bones. None of the bones of the 
head are serrated. Branchiostegals, six ; pseudobranchiffi present. 
Lateral line, none. Only one species is known, N, australis, 
from the Murray river. 

(Giinther, Proc, Zool Socfor 1861, p. 116.) 

NATICA, a genus of Mollusca, wnich is usually associated 
with the holostomatous species, or those which have the aper- 
tures of the shell entire, and most of which are phytophagous in 
their habits. Natica, however, is eminentlv carnivorous, having 
a lai^gely developed foot, which is frequently expanded to twice 
the breadth of the shell. By means of this loot the species creep 
along tolerably activelv, buried in the sand or sandy mud, tun- 
nelling along so close beneath the surface that when they settle 
down to rest, their place is indicated by a small heap or mound. 
The foot is capable of great alterations in size; tbe changes 
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appear to be effected by the absorption of water into the nu- 
merous canals which traverse it, from which the fluid is again 
expelled. Hydrostatic power thus greatly facilitates its passcu^ 
through the sand. The object of this burrowing is to search ^r 
the sand-loving bivalves, more especially the species of Mactra 
and Tellina, which when found they hold fast by means of their 
poweiful and flexible foot, and leisurely drill a hole through the 
shell, so as to enable them to obtain the soft muscular tissue 
within. As they are mostly excluded from the light, and must 
necessarily search for their prey by other sense than sight, it is 
in harmony with their habits that their eyes should be absent 
or small, and when present covered over by the outer int^u- 
ments. It is also, probably in correlation with such habits, that 
the head is provided with a laige flap or hood, which extends 
backwards so as to overlap the fore part of the shell, leaving 
only the extremities of the tentacles exposed. The sides of the 
foot, and the upper portion just at the back of the shell, are 
turned up so as to entirely close in the aperture, an arrangement 
which seems manifestly adapted to prevent the inconvenience 
that might arise from the sand being forced into the shell. Tbe 
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sliell itself is covered with an epidermis, which is usually rubbed 
off, a small portion only generally remaining within the um- 
bilicus. In to veil Reeves' monograph of the genus, 143 species 
are described and figured. In the present article we shall con- 
fine ourselves to the British species. Its first appearance on the 
British area dates from a far distant era, since one or more 
species frequented the seas of the middle and upper Devonian 
periods, since when it seems never to have entirely left the 
district, retreating only so far as the alterations in the boimdaries 
of seas compelled it. At present there are believed to be six 
species, viz.: N. hlandicay Gmelin; N, Grotnlandica, Beck.; 
Jv. sordida, Philippi; N, catejm, Da Costa; N. Alderi, Forbes; 
and iV. Moiitacutiy Forbes; while N. clausa and N, Smithii were 
British at a very late geological period, but have since retreated 
northerly. 

The commonest British species is N, Aided, It presents more 
variation than any of the others, but the type form has more 
coloui- in the shell, and of a darker tint than any, althoucjh one 
variety has a milk-white shelL The eyes are distinctly visible ; 
the size is below the average ; the shell is very thick, solid, and 
glossy, and the aperture of the shell is unusually large ; all 
which points render it a somewhat extreme representative cf the 
genus. It is found on all the sandy bottoms along the British 
shores, whatever be the depth. Its greatest range north is to 
the Loffoden Isles, or about 68° N. lat. ; and to the south it is 
found all along the west coasts of Europe ; on both sides of the 
Mediterranean, and in the Adriatic, extending at least as far as 
35° N. lat. The range is about 33 degrees of latitude. Its range 
in depth is from 3 to 80 fathoms. It has been found in the 
post-pliocene deposits of this country and of Norway. The 
geological record is incomplete, but it seems to have expanded 
its range within recent times. 

N. catena is another common species, but is apparently some- 
what less abundant than the foregoing. Lake it it has purplish 
brown tints mingled with the lighter yellow back-ground of its 
body; like it it has long, slender, and pointed tentacles; and 
like it it has a largely developed foot. The eyes are, however, 
only just visible, the shell is more globose, twice as lai^e in 
length and breadth, and not so thick and solid. It frequents 
sandy bays, and seldom ranges beyond a depth of 10 fathoms ; 
the specimens which are obtained in deeper water do not contain 
the animal, and have been carried there by hermit crabs. Its lati- 
tudinal range is similar to that of N, Alderif being from Bohuslan 
to Corsica. It is abundant in the post-pliocene, as well as the 
newer and older pliocene deposits of Great Britain. 

N. sordida, pernaps, comes next in order of frequency. The 
animal is lighter than the preceding two, having a slight patch 
of reddish brown at the extremity of the snout ; the shell is buff 
coloured, and very nearly of the same size as that of N. catena, 
but not quite so globose. The eyes are not perceptible, the foot 
is very large, and the tentacles are tapering in outline. It fre- 
quents muddy sand at depths varying from 7 to 90 fathoms. It 
is not known much to the north of the Shetland islands, while 
to the south it has been recorded from various parts of the 
Scotch, Irish, and English coasts, and as far south as Algiers. Its 
latitudinal range is not much over 25**, and therefore less than 
that of the preceding species. As a fossil it ranges as far back as 
the older pliocene penod, and as far south as Sicily ; and hence 
it is possiole that it has been gradually advancing northwards 
since the pliocene period. 

N, Mantacuti has a lightly tinted body, the only portions 
which are purplish brown being the edges of the auricuLar 
expansions of me foot ; the tent^les are moderately long and 
pomted ; the shell is globular, thick, solid, and with less glossi- 
ness than those of the species already noticed. The eyes are not 
visible, and the foot, when fully extended, has an area about twice 
that of the shell. Its habitat is on sandy or gravelly bottoms, 
mixed with mud, in depths varying from 15 to 90 fatJioms. 
It is generally distributed on the shores of the British isles, but 
is not known to the south; on the north it is reported from Ice- 
land and Sweden, probably as far as 70°. This would give a 
latitudinal range of 20 degrees. Very little is known of it in 
the fossil state beyond that it is found in the post-pliocene de- 
posits of Scotland and Norway, and that a specimen is recorded 
from Palermo, which is believed to be fossil. 

N, GroenUmdica is of a much lighter tint than any of the fore- 
going; the tentacles are much shorter, the eyes are impercep- 
tible, and the foot is smaller. The shell is globose, and somewhat 
larger than that of N. Alderi, It prefers muddy sand in deep 
water, and has not been traced farther south than Yorkshire and 
North Ireland, or about 54" N. lat. Farther north it is living 



on all the Arctic shores of Europe, Asia, and America^ from the 
shore to 150 fathoms. As a fossil it is known to occur in the 
pliocene and post-pliocene beds of the British isles, and to have 
ranged, during the latter period, into Norway on the east and to 
Canada on the west. Its area of distribution is essentially 
northern, and particularly extensive in the longitudinal direc- 
tion. 

N, hlandica is light in the colour both of the animal and 
shell, the tentacles are small, the eye imperceptible, and the foot 
is, comparatively with the common species, smalL The form of 
the shell is oval, the length being at least a third greater than the 
breadth, and in substance it is thin, and semi-transparent. It is 
rare in the coralline zone from 7 to 79 fathoms, and is distributed 
about Ireland, the north of England, and Scotland. It probably 
has nearly the same southern limits as N, GroerUandica, and like 
that species ranges into all the northern seas. It is fiequent in 
the post-pliocene strata of the British islands, Norway, and 
America, and in the older pliocenes of Norfolk. 

(Jeffreys, J. G., British uoncholoffy, voL iv. pp. 211-230.) 

NEALOTUS. A genus of fishes established by J. Y. Johnson 
in 1865, and referred by him to the family Trichiuridce, He 
defines it by the following characters : — Body elongated, com- 
pressed, incompletely clothed with delicate scales. Cleft of the 
mouth deep. Small teeth on the jaws and on the palatine bones; 
none on the vomer. First dorsal fin continuous, extending to 
the second; finlets behind the second dorsal and anal fins. £^ch 
ventral fin represented by a single small spine. A dagger-shaped 
spine behind the vent. No keel on the taU. Caudal fin well 
developed. Seven branchiostegal rays. Only one species is 
known, N, tripes, and that, it may be remarkeo, is based on a 
single specimen from the Madeiran seas. 

(Johnson, Proc, ZooL Soc. for 1865, p. 434.) 

NEMACANTHUS FE. C. vol iii. coL 1079]. This genus of 
fishes is also found in the lower carboniferous strata of Ireland, 
where it is represented by N, priscus, 

NEMACHEILUS, a genus of fishes of the loach family, of 
which several species inhabit the fresh waters of the Neilgherry 
hills of India. 

NEOMiENIS. A genus of fishes belonging to the order Acan- 
thopteri. It was foimded by Girard upon a species living in North 
America, and which Gill refers to the family Pristipomaiidoe, 
The last-named writer gives the history of the nomenclature of 
this form, as also of a lew others which resemble it in certain 
external points, and shows how ichthyologLsts of high repute 
have assigned species to some genus in one family which should 
really find a place in a genus of a closely allied family ; and 
from this he ar^es that the distinctions between the PercidcB 
and Pristipomatvdce must be slight Indeed he carries his views 
of amalgamation still further, and believes it probable that the 
tjrpical Perddof, PristipoiriatiidxBj, Spartdce, and PmelopteridaSy will 
be found to belong to one true tamily. They cannot, he remarks, 
be distinguished, except by their dentition ; and characters having 
this basis he considera are not of family value. The Lu^anus of 
Bloch is synonymous with the present genus. 

(Gill, Proc, Philad, Acad, for 1861, p. 93.) 

NEROPHIS. A genus of fishes. One species is remarkable 
for being an inhabitant of the Baltic Sea, wnere it is associated 
with a number of other species which like itself belong to genera 
habitually fre(][uenting the ocean. The Baltic is far less salt than 
the neighbourmg German Ocean, and yet tbis species and a few 
more which appear to have originally come from the German 
Ocean are abie to live in the Baltic Sea cdongside with other 
species which belong to true freshwater faunas. Associated with 
these we also find a group of species which evidently originally 
belonged to the fauna oT the Glacial or Arctic Seas. Such a 
collocation of species indicates c^at changes in the distribution 
and connections of the seas and lands of the Scandinavian region 
sLace these species were called into being as such. 

NERVOUS SYSTEM [E. C.,voL iv., cols. 5-30]. Although 
the recent literature on this subject is very voluminous, and our 
knowledge respecting it is gradually progressing, still there are 
many doubts and difficulties, as well as many misconceptions, 
which require to be removed, before a clear idea can be obtained 
as to the structure and mode of action of this complicated ar- 
rangement of fibres and cells. The essential data for a true and 
comprehensive account have yet to be discovered ; amongst 
them the most important are those relating to the physical strac- 
ture, the chemical composition, the forces which are associated 
with it, and the laws by which those forces are regulated. No 
doubt, as the former article sufficiently shows, many facts have 
been collected bearing upon each, but a large proportion of them 
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are open to doubt or inapplicable. Thus, as regards the Btructure. 
it is necessary to convince oneself that the appearances described 
are the tme exponents of the healthy nerve in the living animal; 
so that it is important to remember that most structural details 
are baaed upon the examination of animals which are dead. The 
mere fact of their being dead implies that there is some material 
alteration, and as the nerves are so intimately connected with 
life and intellectuality, there is a probability that they may have 
undergone some alteration not only of property but of structure, 
a probability heightened by the consideration that aU organic 
tissues change very rapidly when withdrawn from their normal 
connections and surroundmgs. The elements of nerve substance 
are cells and fibres. In the opinion of some anatomists there is 
no intimate union between them, but according to most authori- 
ties the fibres originate in cells, and Dr. Beale ha^ brought forward 
strong evidence in favour of the view that all fibres originate in 
cells, and that, consequently, there are no free fibres and no free 
cells. This remark doubtless applies to the mature fibres and 
cells, for there is much reason to oelieve there are some indepen- 
dent cells. If fibres originate in and grow out of cells, the 
changes which take place during the development would be an 
important item of Imowledge. However this may be, the two 
diifer, the fibres being white and having homogeneous contents, 
while the cells are grey and have granular and nucleated con- 
tents ; and this difference of structure is associated with difference 
of function. In the living state the fibre would seem to be a 
cylindrical membranous tube (neurilemma) filled with a fluid or 
pulpy substance (which may be termed neurine) ; but according 
to Remak and otners there is in this neurine an elastic solid flat 
band (the axis fibre), but this last has not been detected in living 
nerve. The cells are mostly agglomerated in masses, forming 
the principal nervous centres, ^lile the fibres constitute con- 
nections between the centres and between the various parts of 
the body. The fibres are, as has already been stated, grouped 
together into a conmion sheath, forming what is known as a nerve ; 
the nerves may be bifurcate, split up into branches, and inter- 
conamunicate, out, as is believed, the primitive fibre is single 
from end to end. The mode of termination of the fibre is un- 
certain ; formerly the prevalent opinion was that most of the 
fibres ended at the peripheral portions of the body, but latterly 
the tendency has been to the conviction that many, if not all, the 
fibres double back and return to a nerve centre, while Dr. Beale 
maintains that each fibre issues from a cell, and however long its 
course may be, returns to the same cell. As regards the compo- 
sition, the great bulk of our information consists of a few ana- 
lyses, but as yet we are in entire ignorance of the true chemical 
nature of many of the compounds, more especially those which 
form the contents of the cells and tubes ; and still less is known 
as to what relation there is between composition and properties. 
As an indication of the unsatisfactory state of knowledge, we 
quote Mr. Foster's account, as given in Watts' Dictionary of Che- 
mistry, voL iv., p. 32. " Fremy represents 100 parts of cerebral 
substance as consisting of 80 water, 5 fat, 7 albumen, and 8 ex- 
tractives and salts. Yon Bibra gives 75*6 per cent water, and 
from 12 to 16 per cent. fat. The 'white' matter contains less 
water than the * grey,' the mean of the former being 73 per cent., 
of the latter 85 per cent The white is richest in &t, producing 
14*8 per cent., while the ' grey ' has only 4*7 per cent (Lassaigne). 
According to Von Bibra, the spinal cord contains less water and 
more fat than the brain, viz. 66 per cent of water and 25 per 
cent of fat, while the nerves asam have less water and more fat 
than the spinal cord, though tne quantities seem to vary exces- 
sively. Schlossberger (Miillei'^s Archiv. 1858, p. 309), gives 
the brain of a foetus as containing from 87*9 to 92*6 per cent, of 
water, and from 1*6 to 3*7 per cent, of fat ; results very closely 
agreeing with those of Von Bibra. In 100 parts of fresh brain. 
Breed found 6*627 a^, in 100 parts of which were : — 

Phosphate of potaBsiam . . . . . .55-24 

„ sodium 22 93 

,, iron 1-23 

„ calcium 1*62 

., magnesium 3*40 

Chloride of sodium 4*74 

Sulphate of potassium 1'64 

Phosphorio acid (free) 9* 15 

Silicic acid '42 

No department of physiological cheinLstry has been so little 
studied, or studied with so little profit as that of the nervous 
system. Exact knowledge concerning the protein compounds in 
it is wholly wanting. The substance forming the axis cylinder 



seems to belong to the same series as fibrin and syntonin 
(myosin); it differs from the former by its insolubility in a 
solution of nitre, from the latter bv its insolubility in dilute 
acids. The protein constituent of the medullary substance and 
of the cell contents seems to be some form of soluble albumen. 
It has been thought to be casein. Our acquaintance with the 
peculiar fatty abundance is also very unsatisfactory. Besides 
cholesterin which occurs to the extent of 20 per cent, of total fat 
(Von Bibra), olein, stearin and palmitine, there have been ob- 
tained various bodies whose nature is much disputed. W. 
Miiller found in human brain a small quantity of creatine *05 
grm. in four pounds ; in ox brain he found no creatine, but a 
Dody resemblmg leucine together with uric acid and xanthine 
or hypoxanthine. He also lound in the same brain a verv con- 




xanthine. Herz (ibid,, 1860, p. 311) corroborates Miiller. M. 
Schultze found urea and creatinine in ihe electric organs of the 
torpedo. Formic and acetic acid are said to be obtained by the 
distillation of the watery extract of brain. The presence of the 
above crystalline bodies indicate a metamorphosis, very similar 
to that which probably takes place in muscles ; but we know 
nothing of the various steps. The large amoimt of phosphorus 
in nervous tissue (1*388 — 1*79 per cent of dry brain substance, 
according to Borsarelli) has prompted many to attribute much 
to that particular element. Mental effort is said to increase the 
phosphates of the urine ; but whether directly or indirectly is 
imcertain. Neukomm (Arch. Anat Phys. 1860, p. 1) found in 
human bi:ain, in various diseases, leucine, creatme and inosite, 
the latter at times in very notable quantities. Tyrosine was 
invariably absent. Grohe (Med. Centr. 1864, p. 870) found gly- 
cogen (without sugar) in the brain of a diabetic." 

Our knowledge respecting the properties of nerves, and the 
mode in which they bring about various functions is also in- 
volved in obscurity. The received doctrine is that a sensation 
produced by an external object is conveyed to the brain in some 
way by nervous filaments specially adapted for the purpose, and 
that a force analogous to electricity is generated in the nervous 
centres of grey matter, which is transmitted to the organs whose 
functions are to be stimulated. The idea entertained by some 
is that the force is not merely analogous to, but is even a modi- 
fied kind of electricity, following the same laws as it, but as the 
idea is at present merely a hypothesis, caution should be exer- 
cised not to raise it to the rank of a theory. The structure of a 
nervous filament is, as regards general form, very similar to that of 
an electric wire ; there being in each a solid central core, an 
enveloping medium, and an external protective membrane ; but 
as regsj^ls the nerve it has to be proved that the solid core is a 
conductor of electricity, and the medium, an insulator thereof. 
It has also to be proved that force is generated only by the grey 
matter and transmitted by the white. Indeed, there are a few 
facts which indicate that the force is in part resident in the 
nervous filaments, and that the ganglions and other centres 
mainly act as liberators of that force. Lewes^insists that, at any 
rate, the nerves have a force of their own, which he distinguishes 
as neurility. Thus he notices that if a frog's leg be detached 
from the body, and the sciatic nerve be separated from its centre, 
the application of the galvanic battery will cause the muscles to 
contract. This may naturally be attributed to the electrical 
current from the battery having replaced the nervous current 
from the centre ; and since the two bring about Uie same 
result, the two forces are similar or perhap identical If, how- 
ever, before any battery has been appliea, a simple prick with 
a needle or a bit of wood, or almost any substance with a 
sharp point, be given to the nerve, the muscles will contract ; 
and this operation may be repeated at intervals for many days 
and weeks in succession witn a similar result. In this case 
it can hardly be maintained that any force is derived from the 
sharp point ; rather it would seem that a mechanical action is 
sufficient to stimulate the nerve to liberate the required amoimt 
of force. A practical illustration of this is afforded, by the strong 
sensation experienced when the ulnar nerve is suddenly struck, 
and the numbness which follows its prolonged pressure ; the 
nervous force inducing sensibility, a property believed to be 
inherent in the ganglionic centre, as contractility is in the 
muscles. The aptness of the illustration is entirely lost if the 
idea is entertained that some nerves are motive and others 
sensitive, mainly on account of difference of structure. As yet 
there is no evidence of any such difference, nor is there any proof 
that both kinds of nerves are identical, as is assumed by Lewes. 
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The latter assumption, however, will harmonize with the view 
that all the nerves have the same properties, but that their 
functions differ in virtue of differences in their connections, and 
the conditions which act upon them. Most of the filaments 
which issue from the posterior root of a nerve originating in 
the spinal chord, give rise to sensation when stimulated, while 
most of those from the anterior root elicit muscular contrac- 
tions. Hence, the one set are csdled afferent or motor, and 
the other efferent or sensory ; but it is premature to assume that 
a nerve is only concerned in exciting motion when it is afferent, 
and vice versd. It is also premature to assert that a nerve which 
is ordinarily eugased in exciting sensation is incapable under 
any conditions of mducing muscular contraction. According to 
Lewes, there is no radical difference between the two sets of 
nerves, but the motor nerves are so because they terminate or 
abut peripherally upon muscles, and not upon an organ of sense. 
If the sense organ be wanting, no sensation is experienced unless 
we can functionally supply the place of such organ. Hence it is 
that a mere tickle on the skin is transferred to the nervous 
centre as a sensation, while the same circumstance will have 
no effect if applied to the sensory nerve, or to the centre 
itself. 

NESIAKCHUS. A genus of fishes belonging to the family 
Trichiurida, and established by J. Y. Johnson in 1862. His 
definition is embodied in the following words :— Body elongate, 
covered with small scales. Cleft of mouth deep. Several strong 
teeth in the jaws ; none on the palatine bones or the vomer. 
First dorsal not extending to the second. No finlets behind 
either the dorsal or anal fin. A dagger-shaped spine behind the 
vent. No keel on the tail. One lateral line. Seven branchio- 
stegal rays. An air-bladder. Pyloric caeca in moderate 
number. This genus is based on a single specimen from the 
Madeiran seas, lor which the specific appellation, N, ncuutusy 
has been retained. 

(Johnson, Proc, ZooL Socfor 1862, p. 173.) 
NIPHON. [PERCiDiE, E. C. vol. iv. col. 263.1 
NITROQEN! Although the circumstance that animals and 
plants are incapable of living in an atmosphere of this gas has 
obtained for it the name of azote, yet it is one of the few 
elements which are essentially connected with life as developed 
upon this earth. It enters largely into the composition of 
ammonia, and nitrous acid, one or other of which is believed to 
be amongst the most important ingredients of plant food. It 
forms part of the vegetable alkaloids, which are remarkable both 
for their complicatal constitution, and for their physiological 
effects on the animal economy. It is also a constituent of the 
various protein compounds, which enter so largely into, and play 
so important a part m the structure of animals. Indeed, nearly 
all the native compounds of nitrogen are so intimately connectea 
with life that whenever ammonia is evolved from a substance on 
the application of heat it may be confidently inferred that 
organisms have been in some way or other associated with that 
substance. 

Free nitrogen has been found in several localities ; the great 
bulk of it exists in the atmosphere mechanically mingled with 
oxvgen, while smaller quantities occur in certain cavities of 
fishes and other animals, as also in plants, in springs, and in 
the exhalations from volcanic craters, and from tne fissures 
formed bv earthquakes. In the atmosphere the relative volumes 
of the mtrogen and oxygen is as 79 to 21, but in the other 
sources just mentioned the proportion of oxygen which accom- 
panies it is nearly always fsii less than this. In most cases where 
the nitrogen thus predominates over the oxygen there is reason 
to believe that the source of the mixture nas been the atmo- 
sphere, and that a portion of the latter gas has been spent in 
oxidation. The following illustrations wul afford some idea of 
the evidence on this point. 

In Physalia, a remarkable hydrozoan genus, frequently found 
floating on the surface of the warmer European seas, there is a 
large cavity filled with air, which communicates with the atmo- 
sphere that surrounds it The waUs of the cavity consist of a 
highly elastic cartilaginous-like substance ; by means of muscles 
this bEig is caused to collapse, and the air is partiall^r expelled ; 
the natural elasticity of the walls restores the cavity to its original 
shape, and in so doing draws in the surrounding atmosphere. 
On examining the gas contained in the cavity, Quatrefages found 
tiiat from 2 to 3 per cent, of the oxygen had disappeared. 
Something similar occurs in the air bladders of fresh-water 
fishes ; the contents of which consist of nitrogen, with a small 
per-centage of oxygen, and a trace of carbonic acid. Thus 
Humboldt found 96 per cent, of nitrogen, and 4 of oxygen in the 



air-bladder of the electric gymnotus. In deep sea fishes, on the 
other hand, oxygen generaUy predominates. 

The majority of warm spnngs, situated at a distance from 
active volcanic areas, constantly yield bubbles of gas. There is 
a remarkable general uniformity in the nature of this gaseous 
exhalation, and as an example' we would refer to the largest 
springs at Bath. According to Dr. Daubeny the composition of 
the exh^ation is 4*5 per cent, of carbonic acid, 3*8 of oxygen, 
and 91-7 of nitrogen. On the assumption of the original deriva- 
tion of these gases from the air, the nature of the change is 
indicated by comparing the volume and proportion of gas con- 
tained in 34,900 cubic inches of the Bath waters, and of an 
ordinary pump water from a calcareous district 



Carbonic acid ; dissolved 

„ free . 

Nitrogen; diBsolved 

„ free . 
Oxygen; dissolyed . 
free 



Bath-water. 
Cubic inches. 

. 1012 
. . 12 

. 140 
. . 245 

. 70 
. . 10 



Pump- water. 
Cubic inches. 
698 

314 
167 



1489 



1179 



As regards proportion, then, this indicates that while the car- 
bonic acid and nitrogen were increased, the oxygen was 
diminished. The increase in carbonic acid would naturally arise 
from increased pressure ; while the relative increase of nitrogen 
might be attributed to a portion of the oxygen having combined 
wim substances met with during the passage. Considering that 
this great predominance of niti-o^en over oxygen is met with in 
all warm springs unconnected with volcanic areas, it has been 
suggested that the warmth of the spring is in great measure 
due to the heat evolved by the formation of the oxidized 
products. 

There are many instances known in which nitrogen is emitted 
from volcanoes, accompanied by less than its usual conrplement 
of oxygen, such as Vesuvius, Lipari Islands, Etna, and!^ others. 
In those cases also Dr. Daubeny thinks the heat may be due more 
or less to the oxidation effected by the unrepresentecL oxygen deep 
beneath the earth's surface. 

NOTORNIS. Under Dinornib, E. C, is given Dr. ManteU's 
account of the Australian species, N, Mantdli, which was first 
discovered by his son. The earlier specimens found consisted of 
semi-fossil bones, and subsequently a live individual was 
captured, which was until recently the only reliable evidence 
Imown that this bird was not extinct The species, however, 
has not wholly disappeared yet, and it is to be hoped some 
specimens will be secured for our museums while there is yet 
time. In 1866 the Otafjo gold-fields were opened up, and the 
country was traversed in many directions by prospectors and 
diggers. Being driven by stress of hunger to procure what food 
they could by personal search, some oi them are said to have 
subsisted for days on what they called the * great ground parrot,' 
but which there is no doubt is really N. Manielli, As yet, living 
specimens have been obtained only in the south-west comer oi 
Middle Island, and it is not unlikely they maybe restricted thereto. 
The principal reasons why the species nas maintained its ground 
here, so long after having been exterminated from most other 
districts, are that wild dogs and cats had not established them- 
selves there before 1865, and that bush fires have been rare. 
Now that the white man has introduced himself, he will doubt- 
less be followed by those destructive influences which have 
played such havoc on the native fauna and flora in every place 
which he has colonized in New Zealand. And as the Mono is 
less capable of withstanding such influences than the small and 
rapid runm'ng Weka, and the climbing StrigopSy owing to its 
large size, comparatively slow speed, and incapacity for flying or 
climbing, it may be expectea that before long it will be 
annihilated from this area, which seems to be its hist stronghold. 
Could not efforts be made for the preservation of tliis species ? 
Gould infers that it is shy in its habits ; that it trusts to the 
power of its feet, not of its wings, for escape from its enemies, 
and that it frequents low lying moist sites. This latter habit he 
thinks is indicated by its tnick plumage and long back feathers. 
The same authority thus descnbes the external appearance of 
the bird ; but as it is apparently based upon a single individual, 
it will probably require slight modifications when fuller mate- 
rials are obtained. " Head, neck, breast, and upper parts of the 
abdomen and flanks purplish blue ; back, rump, upper tail 
coverts, lesser wing coverts, and tertiaries, dark olive green, 
tipped with verditer green ; at the nape of the neck a band of 
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rich blue separates the purplish blue of the neck from the green 
of the body ; wings rich aeep blue, the greater coverts tipped 
with verditer green, forming crescentic bands when the wing is 
expanded ; tail dark green ; lower part of the abdomen, vent, 
and thighs, dull bluish black ; under tail coverts white ; bill and 
feet bright red. Total length of the bodv, 26 inches ; bill from 
the gape to the tip, 24 ; from the tip to the posterior edge of the 
plate, on the forehead, 3 ; wing, 8^ ; tail, 3^ ; tarsi, 3^ ; middle 
toe, 3 ; nail, J ; hind toe, J ; nail, |." 

The foregoing species is, however, not the only one which has 
flourished in New Zealand. A still larger one has left its bones 
in association with the gigantic Dinomis, with which genus 
indeed it has long been confounded, being best known by the 
name of Dinomis canuirinus. That it is realbr a gigantic rail, 
and not a DinomiSf is fully pointed out by Mr. Parker in the 
'Philosophical Transactions^ for 1866, p. 163 et seq. He 
institutes a comparison between the skull of this species and that 
of Dinomia robtuUu^ with a view to showing their distinctness, 
and proving that the former is really a Notomis, He remarks 
that the process on the basitemporal bones is larger in this 
Notomis tban in any other bird, the next to it in this respect 
being Sarcorhamphtu papa and Chauna chavaria. All these 
retain the basitemportu pterygoid processes of the lizard. In 
the lizards there is the merest trace of a basisphenoidal rostrum, 
and in Notomis casuarinus it is exceedingly^ small, fetr smaller 
than in other rails. In the ostriches it is very large. The 
OS quadratum has a double head of a concavo-convex form, a 
broad metapterygoid process, and a dimple-shaped pterygoid 
process. In this last ^ture it agrees with the lizard, but differs 
irom Dinomis, He also makes the significant remark that in 
all essential details the skull of the extinct gigantic Notomis 
casuarinijLs corresponds with that of a chick of a living OaUinuUt, 
The sternum of iv. ManteUi indicates the cursorial habits of the 
bird ; and is not more developed than in some lizards. The 
keel is inconspicuous, and the blade forms a narrow marginal 
plate to the keel. 

We have indications of a third species, which formerly 
inhabited the Madagascar group of islands. It is mentioned by 
Du Bois, who travelled in those islands during the years 1669- 
1672, as "blue birds, as large as the solitaire, with blue 

Slumage, red feet and beak like those of a fowl ; they do not 
y, but run well, so that a dog can scarcely catch them ; they 
are capital eating/' This passage might be applied to Notomis 
ManteUi. Strickland assigned the Madagascar bird to Porphyrioy 
but expresses doubts as to the correctness of the assignation 
owing to its laige size, and its galline feet. These objections 
have lost their weight since Notomds MamUUi has been known, 
for this bird is as hurge as a goose ; and many RdUida have the 
three digits spread out in the true galline fashion, as in Notomis, 
Tribonyz, ana Ocydromus, Selys ^ongchamps called it Aptomis 
coendeseens, and placed it amongst the StrutfiumicUBf guided as it 
would seem mainly by the fact that it does not fly ; but the 
New Zealand Notomis is, as already mentioned, incapable of 
flight, and Ocydrwnus is very ill adapted for that mode of loco- 
motion. Schlegel savs it is unquestionably allied to Porphyrio, 
and considers it ought to be relegated to the genus Notomis, 
which he regards as the galline modification of rails, on account 
of its great size, thick tibia, short digits, and heavy form. This 
view he thinks is corroborated by tne fact that the Mascarene 
islands are within the limits of the generic area of Porphyrio, 
which extends from Central Europe through AMca, Mada- 
gascar, India, Australia, and New Zealand. Tribonyx, we may 
mention, is an Australian genus. As regards the size, Schlegel 
thinks tnis is not a valid objection, since he obseiTes that it is 
usual for the southern representatives of an extensively dis- 
tributed ralline genus to be remarkable for size. He alludes to 
NoUmiis as compared with Porphyrio; to the Tribonyx and 
OaXlinvla gigantea of the south as compared with the OaUinula 
of Europe ; to the Fulica gigas of Peru and the common coot ; 
and to the strange Chauna of South America. The weak wings, 
he observes, is a common feature in this area, and is apparently 
associated with external conditions, more especially the non- 
prevalence of predaceous mammals. 

(Schlegel. Ann, des Sciences NaturelUs, 5* Serie, vol. vi. p. 38 
et seq, ; Parker, Philosophical Trcmsactions, 1866, p. 163 et seq, ; 
Qould, Handbook to ihe Birds of Australia, vol. iL ; Mackay, Ibis, 
for 1867, p. 144.) 

NOTOTHENOID^. The name of a family of fishes, the 
species of which have hitherto been referred by most authors to 
the families Sdcenidos and Gobiidce, Its definition is couched in 
the following terms. Body oblong or elongat<id, generally 



highest at or near the nape, and thence slowly and regularly 
decreasing to the caudal fin, where it is most compressed ; 
anteriorly subcylindricaL Preanal region generally shorter than 
the head, rarely longer. Skin covered with regularly imbri- 
cated scales of moderate size. Lateral line running high on the 
sides and near the dorsal fin, rarely uninterrupted ; generally 
terminating near the end of the dorsal, and reappearing along 
the middle on the sides of the tail, and thence continued to the 
caudal fin. Head moderate, scarcely or not at all compressed, 
with the snout moderate and little decurved. Eyes moderate, 
lateral, but partly visible from above. Infra-orbital bones very 
small, and not articulated with the preoperculum. Opercular 
bones aU present, normally developed and unarmed. Nostrils 
double, between each eye and the snout ; the anterior very 
small. Mouth terminal, with the cleft lateral, and extending 
near the vertical of the eye. Upper jaw formed chiefly by the 
premaxillary bones, which ai« scarcely protractile, the ascending 
or posterior processes being very short. Supra-maxillary bones 
expanded towards the ends as usual, mostly retractile under the 
pre-orbital. Lips tumid. Teeth acute, present on the jaws. 
Palatines smootn. Branchial apertures capacious. Branchi- 
ostegal membrane below deeply emarginated behind, and pro- 
vided on each side with six rays. Pseudobranchifis developed. 
Dorsal fin double, the spinous portion commences near the nape, 
is short, and distinct from the soft part ; the latter is donated. 
Anal fin little shorter than the soft dorsal, and unarmed, Mnth its 
rays divided like the dorsal, and the membrane notched behind 
each. Caudal fin moderately developed, and not forked. Pec- 
toral fins well developed, with broad bases normally inserted on 
the scapular arch ; its lower rays are branched. Ventral fins 
jugular, each provided with a spme and five branched rays, the 
third or fourth of which is generally lon^t ; rarely the second. 
The cranium is nearly, or quite, smooth above, and the crests and 
ridges are nidimentaiy or obsolete. The vertebree are in greatly 
increased number ; in one species (Notothenia purpureiceps) there 
are forty-six, fifteen of which are abdominaL The stomach is 
moderate and coecal. Pyloric appendages are present in small 
number, or from 3 to 6. 

This family is sub-divided into two sub-families, including 
between them three genera, as indicated in the subjoined 
synopsis. 

NototheniincB, — Lateral line interrupted. Body regularly 
tapering. 
Notothenia, — Abdominal region shorter than head. Dorsal 

spines slender. 
Macronotothen, — ^Abdominal region longer than head. 
Dorsal spine short and stout. 
EleginiiruB, — Lateral line continuous. Body sub-fusiform. 
Eleginus, — Abdominal region shorter than head. First 
dorsal triangular. 

This group is thought to hold a position in the fauna of the 
southern seas analogous to that of the cod fishes in the northern. 
The Nototheniince chiefly frequent the seas near the Falkland 
Islands and Kerguelen's Land. The Eleginiincs extend farther 
towards the equator. In the under-cited paper a synopsis of all 
the species is given, the number recogmsed in each genus 
being in the case of Notothenia, 11 ; Macronotothen, 1 ; and 
EUgxnus, 3. 

(Gill, Proc Philadelphia Academy for 1861, p. 612-522.) 
NOTURUS, a genus of Pimelodinas, of wnich four species 
inhabit the United States. The body is rather stout ; the head 
depressed, oval, and covered with a thick skin. There is a 
median longitudinal and transverse nuchal groove. Superocci- 
pital bone posteriorly free. Mouth wide. Branchiostegsu mem- 
Drane with seven to nine rays on each side. Anterior dorsal fin, 
with a short, smooth, and acuminated spine. Adipose fin carini- 
form, elongated, and compressed, generally umted with the 
procurrent rays of the obliquely truncated caudal fin. Caudal 

Seduncle with the extremity obliquely subrotundate, truncated 
ownwards and forwards. Ventral fin with nine rays. 
(Gill, Proc, Bust, Soc, Nat, Hist, voL viii. p. 46.) 
NUTRITION [E. C. vol. iv. cols. 53-54; Food, E. C. 
vol. ii. cols. 861 — 8671. By nutrition is meant the processes by 
which certain kinds of matter are incorporated with the system 
so as to elicit the production of that force, whether potential 
or actual, which is manifested in every living organism. The 
subject may be regarded either from a broad or a narrow 
point of view. In tne former case, the general character of the 
matter ufsed, and the general results only are made matter of 
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consideration ; while in the latter case attention is more parti- 
cularly paid to the distribution of the matter and forces to 
the dmerent parts of the body, whereby the relative sizes and 
forms of those parts are regulated. Nutrition consists of three 
stages : first, the supply of material to the tissues ; next, the 
metamorphosis of tissue, accompanied by the liberation of force ; 
and lastly, ihe expulsion of the products when of no further 
use. In general aspect, then, an organism resembles a machine, 
such as a steam engine, inasmuch as in both there is a supt)ly of 
material, a portion of which is subjected to a synthetical cnange 
productive of force ; and the rest, which is not adapted to 
undergo synthesis, and to be a force liberator, is rejected. But 
there are important differences between them, such as that the 
organism uses a portion of its material for the purpose of keep- 
ing the working parts in constant reparation, as well as for regu- 
lating the distribution, retention, ana manifestation of the force ; 
and that the result consists not only of heat and mechanical 
power, but also of many other kinds of force. The steam 
engine is simplicity itself as compared with a healthy man. 

Since the principle of ihe conservation and correlation of force 
has been received, physiologists have been labouring to elucidate 
the complicated phenomena of life in accordance with that 
principle. Thus, instead of assuming that the actions of a 
living organism are brought about by the application of a vital 
force which produced a waste of tissue, it is now more usual to 
believe that the force is resident in the material, and is liberated 
therefrom by tiie changes which it is made to undergo. The 
great bulk of that force is energy derived from the sun and 
stored up in plants. No material is destroyed and no force is 
annihilated: the utmost that is done is a shifting in the arrange- 
ment of chemical elements and in the distribution of energy. 
If we could trace all the accessions of matter and of force, as 
well as of their expulsion from the body, which occur during the 
lifetime of each individual, we should be able to form a clear 
idea of what axe the laws of nutrition. At present we are far 
from having arrived at anything approaching to complete know- 
ledge; but we know enough to be able to say that the energy in 
the animal is mainly in consequence of chemical union of a 
special kind, viz., oxiaation. The scope of the study is so vast, 
and so difficult of pursuit, that most physiologists confine them- 
selves to its more practical aspects, such as are conveyed in the 
following words : — " The animal body consists of certain kinds 
of matenal with force so associated with them, that the decom- 
position, or the metamorphosis, in other words, the oxidation, of 
each material sets free an approximate force and gives rise to a 
corresponding waste. Thus amongst other things the body contains 
certain quantities of nervous, muscular, and adipose tissues, whose 
decomposition may be said to give rise to muscular, nervous, and 
calorific action, tne development of each action being accom- 
panied by its particular waste. The object of the study of nutri- 
tion is to ascertain qualitatively and quantitatively the things 
which are best suited when taken into the body to ensure the 
acquirement of one, several, or all of the various corporeal 
constituents, and thence to guarantee the exhibition of the force 
or forces proper to the animal ; or, in other words, to determine 
the laws according to which the qualitative and quantitative 
variations of the income affect the quantity and quality of the 
capital, and thence the quality and quantity of the expenditure. 
The practical problems for whose solution a knowledge of such 
laws is desirable will vary of course with the circumstances of 
the animal. For instance, in animals doomed to the slaughter- 
house the questions have to deal more particularly with the 
amount and nature of the material developed in the body, that 
is to say, with the amount and character of the capital. In man 
and beasts of burden attention has to be drawn to the amount 
and nature of the force expended, muscular, nervous, &c'' The 
food, in the ordinary sense of the word, consists for the most 
part of more or less imperfectly oxidised proteinaceous and hy- 
drocarbonaceous compounds ; but as these by tJiemselves are 
quite incapable of repairing and maintaining the animal economy, 
we cannot but extend its meaning so as to embrace that essential 
ingredient in the body's income, oxygen. In addition to these, 
there are some substances which some persons do not consider to 
be food, although they supply indirectly the place of food. Most 
of these act as regulators, chiefly in exciting or enabling those parts 
of the system which elaborate the food to perform the functions to 
better effect. In some cases these act within the system itself, 
but others seem to act almost exclusively outside the real body. 
Amongst the last may be mentioned the condiments, which 
become serviceable b^ promoting the secretion of saliva, and 
perhaps also the cooking of food, for there can be little doubt 



that the general result is more or less influenced by the mecha- 
nical condition of the food. AlUiough much has been done in 
the way of analyses of food, and the comparative effects of 
ordinary diets on various classes of individuais, still we do not 
consider that science is in a position to enunciate what consti- 
tutes a normal healthy diet, since so much depends upon the 
conditions of each individual, and of the circumstances amidst 
which he lives. Thus, for instance. Dr. Smith recommended 
that the food of the Lancashire operatives, and we may add of 
able males in workhouses, should consist of common articles of 
consumption in such proportions that the food of each day shall 
contain 265 grammes of carbon and 12 grammes of nitrogen* 
This is what is termed a starvation diet, since it is the formula- 
tion result of analyses of the daily meals of needlewomen, 
silkweavers, and the poorest classes of workers, who can only 
just manage to keep off starvation. The agricultural labourer 
consumes a daily supply which contains 420 grammes of carbon 
and 20 grammes of mtrogen. These results can only be applied 
with any confidence to masses since they have been drawn from 
masses, and should not be applied too rigorously to individuals, 
since the variations from a standard even b^ persons in normal 
health are very wide. As examples, we give two illustrations 
from Dr. Carpenter, who mentions a miller that lived in good 
health for 18 years on food that yielded 110 grammes of carbon 
and 5*8 grammes of nitrogen per day. On the other hand, cases 
are known, amount the Canadians, for example, of individuals 
who are not satisfied with less than 20 pounds of meat, which 
implies a consumption of 280 grammes of nitrogen. As it does 
not appear that persons who eat such enormous quantities of 
food are in any way remarkable for superiority of strength, or 
endurance, or mental activity, it is probable that a portion only 
of the food is really taken into the system itself. Hence we 
require to know, not how much aliment is introduced into the 
alimentary canal, but how much is ultimately incorporated with 
the tissues. It may frequently happen that a (uet contains 
abundance of combined carbon and nitrogen to Tnnintfliyi vigour, 
and yet the circumstances either of the food or of the individual 
may not admit of a sufficiency being absorbed. 

In an article by Mr. Foster cited below, the laws of nutrition 
are considered under the two heads of Statics and Dynamics, 
the former relating to the composition of the ingesta, tissues, and 
egesta, while the latter refers to the development of force. In 
oi-der to show the general state of knowledge respecting the 
latter branch of the subject, we append Mr. Foster's remarks 
thereon : — " While the statical part of the subject is of course 
of most interest in reference to the nutrition of animals destined 
to be slaughtered for food, the dynamical part is of most import- 
ance when the nutrition of man is considered. What kind of 
food is best adapted for the development of muscular, what for 
nervous force ? are the most fundamental problems of pnysiology. 
Previous to entering into detail, however, an inquiry should be 
made (if for nothing else, at least for the sake of justifying the 
assumption of the applicability of the conservation of force to 
the living frame) between the total income and the total expen- 
diture of force. This will be most conveniently done by re- 
ducing both to units of heat. The determination of the total 
amount of force expended within a given time by an animal 
body is a comparatively easy task. For, diverse as are the 
various manifestations of force within the economy, they are 
all reduced, before they leave the body as an expend^ force, 
into two modes only, namely, heat and mechanical effect, the 
(quantity leaving the body as electricity beinc probably exceed- 
ingly small. Thus all the various forces whi(m we class together 
imder the name of nervous force resolve themselves, after all their 
multitudinous wanderings and transformations, into heat, except 
the minute fraction which may be supposed to be carried on into 
muscular action, and so to find its exit as mechanical effort. 
Muscular action too loses itseK partly as mechanical effect, but 
to a much ^eater amount probably as heat. All secretive or 
nutritive action, again, goes out as heat. Heat and mechanical 
movement are, in fact, the only true effecius of the aniTnA] 
body. Whatever does not go out in the one form, issues in the 
other. Two animals, living on the same food, and subject to the 
same metamorphosis, will rise to the same amoimt of actual energy; 
and vet in the one a large amount of that energy may assume 
the mrm of mechanical effect, while in the other, no muscular 
contraction being made, it nearly all goes out as mere heat^ 
which, being dissipated, as soon as generated, causes no alter- 
ation in the animal's temperature. Hence, if we estimate the 
total mechanical effect of any animal during a given time, and 
the total amount of heat given off at the same time^ we shall 
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obtain the total amount of expended force. This may readily 
be done by placing an animal in a calorimeter with a tread- 
wheel for detennining the mechanical effect. By reducing 
the mechanical effect to imits of heat, and adding them to 
the units of heat denoted by the calorimeter, we arrive at 
the total expended force estimated in units of heat. A 
calorimeter is doubtless not a proper home for an animal, and 
therefore probably the result of the experiment will not give ac- 
curately me normal expenditure of the natural animal, seeing 
how sensitive and responsive in all its parts is the animal 
economy to variations of temperature. Yet it cannot be far 
from the truth. The estimation of the total force of the income 
is a much more difiicult task. The units of heat given off by the 
combustion of each article of food have to be deteimined, and 
from their sum total has to be deducted the number of units of 
heat still obtainable from the incompletely oxidized portion of 
the excreta belonging properly to the food in cjuestion. Un- 
fortunately, this at present nas not been accomplished. It has 
generally oeen deemed suflftcient to calculate the latent energy 
of any alimentary substance from the units of heat given off by 
the combustion, in an uncombined state, of its carbon and free 
hydrogen. This, however, leads to a result which we may safely 
assume as being incorrect without knowing how far it errs from 
the truth. Hence the failure of Dulong and Despretz to obtain 
a balance between the actual heat given off by an animal during 
a given time, and the amount calculated as due to the quantity 
of carbon and hydrogen presumed to have been actually oxidised 
in the system during that time, cannot be regarded as any ar^- 
ment against the possibility of obtaining such a balance with 
great exactitude if more correct meuiods were employed. 
Using, however, such imperfect means in the absence of better 
ones, Helmholtz calculates that a man of 82 kilogrammes 
weight expends in 24 hours 2,700,000 units of neat, of 
which 2*6 per cent, goes to warming the food and drink ; 2*6 per 
cent to warming the air of respiration ; 14*7 per cent, is lost in 
the evaporation of water through the lungs ; tne remainder, 77*5 
per cent, being distributed over losses by urine and faeces, eva- 
poration from skin, radiation and conduction from surfause, and 
mechanical effect Ludwig calculates the mechanical effect of 
a good daVs work to be equivalent only to 220,930 units of 
heat Still more difRcult is the task of tracing backwards to 
the food, or onwards to the excreta, any of the special kinds of 
forces at work within the economy. To take for instance 
muscular force, as one of the simplest, it may be asked, which 
elements contribute solely or chiefly to its proauction, and which 
of the elements of the egesta may be taken as the index of its 
occurrence ? The Rev. S. Haughton (* Dublin Quarterly Medical 
Journal,' 1859 — 60,), taking it for granted that the nitrogen of 
the urine or foeces represented the whole muscular or mechanical, 
nervous or mental, and nutritive or vital, work of the economy, 
whUe the remaining excreta answered to what he calls opus 
caUyrificum, made the following investigation : — Having deter- 
mined the daily excretion^^er anum et vcsicam of nitrogen reckoned 
as urea in a series of men of different bodily weights, performing 
different mechanical work, undergoing different mental labour, 
he was enabled to construct a series of equations, which he 
solved for certain values which it was desired to know. He 
thus calculated that 300 grains of urea represent the daily nutri- 
tive work of a man weighing 150 lbs. ; that 136*5 grains of urea 
represent the muscular force required to lift 150 lbs. through one 
mile, a hard day's work ; that 222 grains of urea represent the 
daily mental exertion of a man of business. It need hardly be 
said, however, that the assumptions on which these calculations 
are based are open to grave objections. In dealing with the 
statics of this subject, the word flesh was used to denote the 
total protein substance of the body. And it was only in this 
wide sense of the word that urea was considered as the result of 
the metamorphosis of flesh. It is true that Bischof and Voit 
use the same word flesh as synonymous with muscle, but such an 
assumption rests on no basis oi facts. Although the nervous 
system in Bidder and Schmidt and Chossafs experiments seemed 
to suffer but little waste in inanition, we cannot for that reason 
conclude that during life it suffers little metamorphosis. On 
the contrary, it is impossible, with the general views by which 
we are judging the whole subject, to think other\vi8e than that 
where there is apparently so much production of force, there 
should also be much change. And as far as the changes in the 
nervous tissue simplicate the protein substance therein con- 
tained, they must be considered as giving rise to urea. In the 
liver again, in the glands, and in all the other organs which we 
may call the nutritive organs, we must also (in addition to the 



changes supposed, according to one theory, to occur in the 
digested food as it passes through or comes in connection with 
those organs in the blood current) suppose considerable, it might 
almost be said excessive, metamorphosis to take place, which, in 
so far as it is nitrogenous, will also produce urea. Hence the 
total amount of urea cannot be taken as the index of the meta- 
morphosis of muscular tissue only. Nor can we fairly assume 
that even a large part of it is to be so regarded. It may be urged 
that muscular tissue forms so large a part of the total protein- 
substance of the body, that we have every reason to believe that 
it suffers great and rapid changes. But we possess no exact 
information as to how large a share in its metamorphosis is taken 
by the nitrogenous constituent alone ; and, on the other hand, we 
are siinilarly ignorant of the intensity of the nitrogenous tramh 
formations in the other organs of the body. It is true that in 
muscular tissue we find creatine and creatinine, and there is 
some reason for believing that they (one or both) are increased 
during muscular contraction when metamorphosis is presumed 
to be increased ; but the physiological connection between 
creatine or creatinine and urea has not yet been fully traced. 
On the contrary, there are not wanting fewts indicating the 
closest bonds between urea and the liver. So marked indeed 
are they, that the action of the liver has been called in to assist 
the theory of luxus-consumption, on the idea that the changes 
takii^ place there belong, not exactly to the liver itself, but to 
the blood in the liver. On these points, however, our mforma- 
tion is exceedingly imperfect rhysiologists perhaps err in 
being apt to regard the processes of the animal body as too 
simple, too straightforwara. May not urea and carbonic acid 
be, not the result of a splitting up and facile oxidation, but the 
ends of long series of, perhaps backwards and forwards, changes, 
so that the point or place where each is first detected is not 
necessarily the place where the most important act of metamor- 
phosis takes place ? If it is difficult to connect urea in any 
special manner with the metamorphosis of muscular tissue, it is 
still more difficult to connect it with the exhibition of muscular 
force. If urea were the most important product of muscular 
metamorphosis, and muscular metamorphosis the most important 
source of urea, then since, during muscular contraction, the 
metamorphosis of muscular substance is presumed, on apparently 
satisfactory crounds, to be laigely increased, the amount of urea 
ought to be largely increased by muscular exertion. It is true 
that under this view there will always be in the mine a tolerably 
large constant quantity of urea due to the amount of muscular 
exertion, employed in visceral movements, which varies only 
within comparatively narrow limits. But such an amount must 
be fully overpowered by an excess of urea due to violent and 
long continued exercise. Observations (Smith, Voit, Speck, and 
Lehmann) on the effect of muscular exertion on the excretion of 
urea are not unanimous. Yet, even when allowance is made for 
retention, that is, for decrease of elimination as compared with 
decrease of formation, the conclusion may fairly be foiwn that 
exercise even carried to exhaustion produces an increase of urea 
too small to be regarded in any way as the equivalent of the 
expended muscular force. At the same time observers are 
equally agreed that muscular exertion does produce a veiy largp 
increase in the carbonic acid of the egesta. So clearly did this 
come out in the experiments of Dr. E. Smith, that that gentle- 
man beHeves himself justified in recommending an addition of 
carbon to the food when bodily exertion is called for. It has 
been urged that Voit and others, by simply estimating the urea 
(with uric acid, &c,) in their experiments, have left open the 
possibility of other nitrogenous oodles being present m large 
quantities on such occasions, and on such occasions only, in 
tne urine. But these hypothetical bodies have never been 
detected, and the possibility of their existence does not negative 
the fact of the mcrease m the carbonic acid. It must be 
remembered, however, that there is in the living muscle, eveii 
when perfectly at rest, an active metamorphosis still going on, 
resulting in part as electricity, but finally as heat. Perhaps even 
during the very act of contraction (as distinguished from the 
conditions immediately preceding and following) there is not so 
much an increase of metamorphosis as a change in the direction 
or form into which the energy, set free by the metamorphosis, is 
converted. If so, the carbonic acid would be only indirectly, 
and the urea not at all, an index of the amount of expended 
force, while the total metamorphosis of the muscular system 
woiQd measure possibilities of action rather than actual acnieve- 
ments. "When we reflect that the animal body, considered as a 
working machine, is characterised by being subject to sudden 
cidls for action from every quarter, it will Be eaaly understood 
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that the best state of preparation for emergencies is not one in 
which there is a mere store of latent energy, but one in which 
force is continually being liberated, and therefore ready at 
a moment's notice to be turned in any particular direction, or 
converted into any particular form. This of course implies that 
for every mechamcal effect a large amount of force is spent in a 
non-mechanical manner, and therefore apparently lost. But so 
abundant are the resources of the economy for the using up of this 
wasted force, that, according to Helmholtz, while the best steam- 
engine loses nine-tenths of the total power of itii fuel, the human 
body is able to convert into mechanical effect one-fifth of the total 
power of its food. Urea then cannot be taken safely ae a measure of 
mechanical work done by the body : with still less safety perhaps 
can it be taken as a measure of the mental work. And as it is 
impossible at present to trace the various members of the egesta 
back to the various forms of vital force, so it is impossible to trace 
the latter to the various constituents of food. If one general view 
of the whole vital processes can be regarded as more likely than 
another, it is perhaps the idea that the brute force of the 
economy, so to speak, is represented by the carbon (and hydro- 
gen^ of its food, while the nitrogen is more closely concerned 
witn interned changes by which that brute force is converted 
into the many varieties of vital eneij;y. Playfair argues that 
only the nitrogenous elementary principles are concerned in the 
production of muscular (and mental ?) force, and gives calcula- 
tions showing that the latent eneigy of such an albuminous diet 
as is usually consumed by active laoourers is sufficient to account 
for the actiial force, both of the internal muscular movements 
and of the external useful work of an ordinary man. But 
Carpenter has made calculations which lead to an exactly op- 
posite conclusion ; and Haughton's equations, so far as they 
can be trusted, tend to support the view that the force of 
muscular action is derived m part at least from the hydro- 
carbon or carbo-hydrates of food. So long as the present 
uncertainty about the latent energy of complex substances 
continues, and so long as the evolution of heat is not observed 
at the same time that the mechanical force is estimated, all 
questions of dynamics must remain obscure." 

This subject of the source of muscular power and of nutrition 
of the muscular tissue, has been exaniin^ by numerous other 
writers. Amongst the most recent are Messrs. Frankland, 
Fick, and Wislicenus. The account of their researches will 
be found in the ' Philosophical Magazine/ vol. xxxi p. 485 ; and 



' Proc. Roy. Instit. of Great Britain, for 1866.' For details we 
must refer to the memoirs, but the conclusions arrived at by 
Dr. Frankland are as follows : (1) The muscle is a machine for 
the conversion of potential energy into mechanical force. (2) 
This force is derived wholly or mainly from the oxidation of 
blood, not of muscle, materiaL (3) In man the material usually 
oxidised is of a non-nitrogenous nature, but nitrogenous can he 
used. (4) The muscles undergo constant interstitial metamor- 
phosis, out the rate does not vary greatly whether the muscle be 
m rest or in action. (5) The tissues are mainly repaired by 
£dbuminous substances, and when the tissues are in good 
condition the best materials for producing mechamcal force are 
such non-nitrogenous substances as oil, fruit, sugar, starch, gum. 
(6) All the energy of the non-nitrogenous matter which enters 
the blood is usea up, but only about one-seventh of that of the 
nitrogenous bodies. (7) Heat always accompanies the conversion 
of potential energy into muscular power. 

Although the labyrinths of nutntional inquiry have been very 
insufficiently explored, the present state of the research im- 
presses one with their complexity, and tends to convince the 
student that it is reducible to precisely calculable laws. 
When those laws have been discovered it wUl be practicable to 
formulate the acts of humanity and of all animals by definite 
phrases and figures, and to show how, as in the machine, 
the result is producible from the application of a known 
force in a given way. The laws of nutrition will be powerful 
aids to the classifier, as also to him who is endeavouring to 
unravel the mysteries of the evolution of the individual, or of 
the species, or of organisms generally. The laws of nutrition ap- 
plied to zoology, will convert the aspect of that science into one 
very different urom the present. Now, zoologists are excessively 
descriptive ; they see little more than the machine when not in 
action, and concentrate their attention on the form and grouping 
of parts ; but when a consideration of the laws of nutrition 
becomes an important feature in their study, they will show us 
how the wheels of the mechanism work. Then, and the time is 
perhaps still far off, then we shall be able to appreciate the 
mfluence of external circumstances, that is, of groupings of 
forces and matter outside the animal itself, in modi^ing the 
working of the animal machine, the arrangement of its parts, 
and the resultant manifestation of force and intellectuality. 

(Carpenter, Principles of Human Physiology y 6th edition; 
Foster, in WaiUf Dictionary of Chermstry, Art. * Nutrition^ 







OLD RED SANDSTONE [E. C. vol. iv. cols. 78—80], a 
series of strata which are well developed in the northern 
Sarts of Great Britain, and which have been graphically 
escribed by Hugh Miller. It has a more varied lithologicaL 
character than its name would imply, and consists of limestones, 
marls, sandstones, grits, conglomerates, and shales, of a great 
variety of tints, red and purple being the most prevalent. Tnese 
strata are, as has already been indicated in E. C, believed to be 
the representatives of the Devonian strata proper deposited under 
a different set of circumstances. The Devonian strata overlie the 
Silurian formation, and pass upwards into beds of the carboni- 
ferous series. The lowest beds of the old red sandstone are 
conformable with the highest silurian beds of some areas, as in 
South Wales ; while in other areas, such as Central Scotland, 
the highest beds have the same strike and dip as the carboniferous 
series above them. Further, a transition between the upper 
portions of the old red sandstone and Devonian has oeen 
traced in South Wales by Mr. Salter [Devonian Formation, 
E. C. S.]. But although there is imquestionably a general simi- 
larity in stratigraphical position, there is a marked dissimilarity 
in the i*espective launas of the two systems of strata. There are 
very few species common to the two series, and still fewer 
genera ; while all the classes represented in the old red sand- 
stone are such as now embrace Doth fresh water and marine 
species. This apparent absence of all the exclusively marine 
classes is perhaps the most instructive feature of the old red 
sandstone fauna. There are also marked differences in the 
lithological character of the strata. For example, conglomerates 
are rare or absent in the Devonian beds of England ; while con- 
glomerates are sometimes developed to an enormous thickness in 
the old red sandstone. Again, the prevalence of red tints in the 



old red sandstone is a feature which, although by no means 
peculiar to the old red sandstone, is nevertheless a character by 
which its upper and lower boundaries are sometimes dis- 
tinguished. 

The peculiar feature of this group of beds has been, and 
indeed still is, a puzzle to the geologist ; for if the fauna has 
not that decidedly marine character which prevails in the 
typical Devonian strata, how is it we do not find more abun- 
dant traces of terrestrial plants and relics of air-breathing crea- 
tures ? Some persons have suggested that these peculiar beds 
indicate an area which was largely lacustrine, and although there 
is very slight analogy between the old red fauna and that which 
we should expect as representative of the lake life of the period, 
yet there are not a few considerations seemingly in favour of such 
views, which cannot, however, be cited in support of them. 
Thus he who has followed Murchison in his comprehensive out- 
line of the area of the pre-existing silurian seas, and has thus 
been, led all across the high northern latitudes of Europe and 
America, and round by Bonemia and Spain, is readily impressed 
with the general absence of evidence of any laige tract of land 
during that period, at any rate, during the earlier portion of it. He 
who has carefully studied the distribution of the old red sand- 
stone must recall to mind numerous instances in the north and 
south of Europe, as also in America, in which these sandstones, 
or their marine representatives, the Devonian strata, rest uncon- 
formably upon lower silurian beds; he will remember how 
general the old red conglomerates are, which serve to indicate 
sometimes the contiguity of land, but more frequently its 
actual boundaries. Thus in England they surround silurian 
islands ; in Scotiand they form a sinuous mai^gin along the 
flanks of the metamorphic hills ; in Ireland, a conglomerate can 
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l)c traced from Wicklow on the east, far away into the west. 
Similar facts might be recorded from other countries, the 
tendency of which is to show that land must have been far more 
abimdant in Devonian than sihirian times. These conglome- 
rates have further afforded certain appearances, which, if they 
have been correctly interpreted, would confirm the existence of 
a lai^e polar or northern continent in the northern hemisphere. 
In many places they are composed of large sub-angular blocks, 
frequently more than two feet in length, which cannot be traced 
to any of the rocks of the immediate neighbourhood. They are 
sometimes confusedly arranged and embedded in a sandy or 
clayey basis, and in a few localities, such as Great Dove Cote 
Gill near Sedbergh, the pebbles have presented striated surfaces, 
such as strangely recall to mind the striated pebbles of the far 
later glacial epoch. Considerations such as these have suggested 
the question whether glaciers existed during the Devonian epoch. 
They appear to be of sufficient importance to warrant the putting 
of the question ; but thev are far from sufficient to settle it either 
affirmatively or negatively. 

Although the faima of the old red sandstone is so different 
from that of the Devonian strata, yet it^ peculiar features 
suggest that those two series are more or less contemporaneous. 
We should expect that the thousands of feet of old red sandstone, 
with its ill-developed marine faima, would be represented some- 
where by a series of beds in which the marine character of the 
fauna is as decided as in the earlier silurian and later carboni- 
ferous formations ; and the strata of Devonshire have this re- 
quired character [Devonian Formation, E. C. S., cols. 347 — 368]. 
But admitting that these two scries of beds were deposited in 
tlie interval Detween the latest silurian and earliest carboni- 
ferous strata in Great Britain, or even in western Europe, the 
facts seem to be too few and undecisive to warrant the correla- 
tion of the lower, middle, and upper Devonian with the 
lower, middle, and upper old red sandstone. The upper old red 
sandstone may be equivalent in time to the upper Devonian, but 
there is nothing to show that the lower two di\dsion8 of eacli 
correspond. The lower old red sandstone is far more nearly 
related stratigraphically and pala&ontologically to the upper 
silurian than me lower Devonian ; although there is apparently 
a greater similarity in the circumstances under which the lower 
Devonian and upper silurian strata were deposited. Very few 
species pass from silurian into Devonian beds ; and on this 
ground, taken in connection with the nature of the strata, it may 
be more safe to suppose that the beds which were formed after 
the Downton and before the Lynton sandstone were of consider- 
able rather than inconsiderable thickness. Sir Charles Lyell, 
Sir Roderick Murchison, Mr. Pengelly, and other eminent 
geologists, assent to the correlation of the three divisions of 
each of the formations imder notice. Sir C. LyelFs views may 
be indicated thus : — 

Upper Devonian. — Yellow sandstone, of Dura Den with Olypto- 
laemus, and of Kilkenny with fossil fish. Pilton group of north 
Devon with Spirifer disjunctus, Petherwyn group of Cornwall 
with Clymenia and Cypridina, 

Middle Devonian, — Sandstones of Forfarshire and Perthshire, 
with Holoptychius, Bituminous schists of Gamrie, Caithness, 
&c., with numerous fish. Unfossiliferous series of North Devon. 
Ilfracombe beds, with many trilobites and corals, and with 
Cephalopoda distinct from upper Devonian species. 

Lower Devonian, — Arbroath paving-stones with Cephalaspis, 
Pterygotus, and Parka, Lower sandstones of Caithness wiUi 
Pterygotvs, Sandstones and slates of the Foreland and Lynton. 
Sandstones of Torquay with broad-winged Spirif&r$, 

As a fuller illustration of his views we quote his account of 
the old red sandstone of Scotland, south of the Grampian Hills. 
He recognises three groups, which are denoted by A, B, and C ; 
which correspond to what are called lower, middle, and upper, in 
the foi^oing paragraph. 

A. The upper member, or yellow sandstone, is seen at Dura 
Den, near Cupar in Fife, immediately underlying the coaL It 
consists of a yellow sandstone, in which fish of the genera 
Pterichthysj Pamphractus, Bothriolepis, Glyptopomus, Holopty- 
chins, and others abound. In Ireland the upper beds of the old 
red, or yellow sandstone of Kilkenny^ contain fish of the genera 
CoccobUus and Dendrodus, characteristic forms of this period, 
together with plants specifically distinct from any known in the 
coal measures, but referable to the genera found in them, as for 
example, LepUtodendron, Gycloptens, The stems of the latter 
have, in some specimens, broad bases of attachment, and may 
therefore have been tree ferns. In the same strata, shells having 
the form of the genus Anodon^ and which probably belonged to 
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fresh water testacea, occur. Some geologists, it is true, still 
doubt whether these beds ought not rather to be classed in the 
lowest of the carboniferous series, together with the yellow 
sandstone of Sir R. Griffiths ; but the associated ichthyolites, and 
the distinct specific character of the plants, strongly favour the 
view above expressed. B. We come nett to the middle division 
of the " Old Red," as exhibited south of the Grampians, and 
consisting of — 1st, red shale and sandstone, with wme comstone, 
occupying the valley of Strathmore, in its course from Stone- 
haven to the Firth of Clyde ; and 2ndly, of a conglomerate, seen 
both at the foot of the Grampians, and on the flanks of the Sid- 
law Hills. In the uppermost beds, the scales of a lan;e ganoid 
fish, of the genus noloptychiuSf were first observed by Dr. 
Fleming at Clashbinnie, near Perth, and an entire specimen, 
more than two feet in length, was afterwards found by Mr. 
Noble. Some of these scales measured 3 inches in length, and 
2i in breadth. C. The third, or lowest division south of the 
Grampians, consists of grey paving-stone and roofing slate, with 
associated red and grey shale ; these strata underlie a dense 
mass of conglomerate. In these grey beds several remarkable 
fish have been found of the genus named by Agassiz, Cephakuipis, 
or ' buckler-headed,' from the extraordinary shield which covers 
the head, and which has often been mistaken for that of a 
trilobite such as Asaphus, 

A large proportion of the fossils of the old red sandstone are 
fishes, as will be seen from the subjoined list. These have been 
described in decade x. of the ' Geological Survey Memoirs,' by 
Prof. Huxley and Sir P. Egerton. They belong chiefly to the 
Cro8sopterifg%d(Ef or fringe-finned group of ganoids, represented 
in the livinc fauna by the Polypierus of Africa. In the list of 
species we nave inserted the letters L. M. U. to indicate their 
occurrence in the Lower, Middle, and Upper divisions : the 
ranges being those given by Mr. Etheridge. We may mention 
that Mr. Etheridge'a sub-divisions correspond with those adopted 
by Sir C. LyelL 

List op Species found in the Old Red Sandsto:?e 

OP Great Britain. 

{From Q. J, Geog, Soc. XXIII,, p, 616, et seq,) 

Flanfa. 

Caulopteris Peachii. Salt. M. 

Lepidodendron nothium. Ung. M. 

Enoriia dichotoma. Haught. U. 

Pachytheca sphairica. Hooker. U. 

Adiantites hibemicufl. Forbes. U. 

Lycopodites Hilleri. Salt. M. 

Sagenaria yeltheimiana. Stemb. U. 

S. Kiltorkensis. Hau^h. U. 

Bomia transitionis. Gopp. U. 

Sjphenopteris sp. U. 

Filicites lineatus. U. 

Trichomanitcs adnescens. Gdpp. U. 
Annelida. 

Serpula advena. Salt. U. 

Tentaculites scalaris. Schlott. L. 
Crustacea. 

Campicaris forfarensis. Page. L. 

Estheria membranacea. Pacht. L. M. 

Euryptenis abbreviatus. Salt. U. 

£. acuminatus. Salt. L. U. 

£. Brewsteri. Powrie. L. 

£. megaloiM. Salt. L. 

E. Scouleri. Hibbert. U. 

£. pygmacus. Salt. L. 

Parka decipiens. Page. L. IT. 

Leperditia marsinata. Jones. L. 

Pter}'gotu8 anglicus. Ag. L. 

P. minor. H. Woodw. L. 

P. Brewsteri. Powrie. L. 

P. problematicus. Salt. L. 

St}'lonuru8 Logani. Woodw. L. 

S. punctatus. Salt. L. 

S. ensifonnls. Woodw. L. 

S. scoticus. Woodw. L. 

S. Symondsii. Salt. L. 

S. Powriei. Page. L. 

S. megalops. Salt. L. U. 
Polyzoa. 

Borenicea M'Coyii* M. 
Lamellibranchiata. 

Anodon Jukesii. Forbes. U. 
Piteet, 

Acanthodes pnsillus. Ag. M. 

A. Peachii. £gert. M. 

A. coriaceus. Egert. M. 

A. MitchelU. £gert. L. 



Actinolepis tuberculatus. Ag. H. U. 
Asterolepii Asmusii. Ag. Sc. 
A. Kalcolmsii. Ag. M« V« 
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Asterolepis minor. Ag. U. 
Auchenaspis Salter!. £gcrt. L. 

A. omatus. Egcrt. L. 
Bothriolepis favosus. Ag. M. U. 

B. omatiu. Eichw. M. U. 
BradxyacanthoB scutiger. Egci-t. M. 
ByMacanti^OB arcuatus. Ag. L. 
Cephalas^is asterolepis. Huxl. L. 
G. liewisu. Ag. L. 

G. Lyellii. Ag. L. 

C. Murchisoni. Ag. L. 
C. Bolwayi. Egert. L. 
G. omatuj. Egert. L. 
Chelracanthus grandispinis. M'Coy. H. 
G. latus. Egert. M. 

G. microlepidotus. M'Goy. M. 

G. minor. A^. M. 

G. Murchisom. Ag. M. 

G. pulverulentus. M'Goy. M. 

Ghirolepia Guinmingia). Ag. M. 

G. Traimi. Ag. M. 

G. uraguB. Ag. M. 

G. velox. M'Coy. M. 

Glimatius reticufatus. Ag. L. 

G. scutiger. Egcrt. L. 

G. uncinatuB. Egert. L. 

Goccosteiis cuspidatus. Ag. H. • 

C. decipiens. Ag. M. 

G. mazimoB. Ag. M. 

G. Milleri. Egert. M. 

C. oblonguB. Ag. M. 

C. minor. Mill. M. 

GonchoduB ostreiformis. M'Coy. M. 
CosmacanthuB Malcolmsonii. Ag. M. 
CtenacanthuB omatas. Ag. L. 
CtenoptvchiuB priscuB. Ag. 
DandrodOB incumis. Duff. M. 

D. latuB. Owen. M. 

D. sigmoideus. Owen. M. 

D. strigatuB. Owen. M. 

DiplacanthuB crasBispinus. Ag. H. 

D.gibbuB. M'Cov. M. 

D. longispinuB. Ag. M. 

D. perarmatus. M^Coy, M. 

D. striatuB. Ag. M. 

Diplopterus affinis. Ag. M. 

D. Agaseizi. Traill. M. 

D. borealifl. Ag. M. 

D. macrocephaluB. Ag. M. 

Dipterus macrolepidotuB. Sedg. L. M. 

EuthacanthuB MacNicoli. Powric. L. 

Glyptolepis elegans. Ae. M. 

G. leptopteruB. Ag. M. 

G. microlepidotus. Ag. M. 

GlyptopomuB minor. Huz. IT. 

GlyptotaemuB Einnairdi. Huxl. U. 

Gyroptychius angustuB. M'Coy. M. 

G. diplopteroides. M. 

HoloptychiuB Andersoni. Ag. U. 

H. nganteuB. Ag. M. 

H. Murchisoni. Ag. M. 

H. nobilissimuB. Ag. M. U. 

H. Sedgwickii. A^. M. 

Homotnorax Fleming. Ag. U. 

IschnacanthuB gracilis. Egert. L, 

LamnoduB biporcatus. Owen. M. 

L. Panderi. Ag. M. 

L. BulcatuB. Ag. M. 

OnchuB arcuatus. Ag. L. 

0. semistriatuB. Ag. L. 

0. ? Murcbisoni. ? Ag. L. 

Osteolepis arenatus. Ag. M. 

0. breyis. M'Coy. M. 

0. macrolepidotuB. Ag. M. 

0. maior. Ag. M. 

PampnractuB Andersoni. Ag. U. 

Parexus incurrus. Ag. L. 

Phaneropleuron Andersoni. Hux. U. 

PhyllolepiB concentricuB. Ag. L. M* 

Placothorax paradoxus. Ag. M. 

PlathygpathuB JameBoni. Ag. U. 

P. paucidens. A^. M. 

Pterichthys cancnfomus. Ag. H. 

P. comutuB. Ag. M. 

P. hydrophylluB. Ag, U. 

P. latuB. Ag. U. 

P. major. Ag. M. 

P. Milleri. As. M. 

P. macrocephalus. Egert. U. 

P. oblonguB. Ag. ^f. 

P. productUB. Ag. M. 

P. quadratuB. Egert. M. 

P. testudinariuB. Ag. M. 

Pteraspifl Banksii. Hux. L. 

P. dunenciB. Hux. L. 

P. Lloydii. As. L. 

P.roitratuB. Ag. L. 



Pteraspis Mitcbcllii. Powrie. L. 
P. truncatus. Hux. L. 
PtycbacanthuB dubius. Ag. L. 
Tnpterus Pollexfeni. M'Coy. M. 
Tristichopteris alatus. Egert. M. 

It is a disputed question at present whether reptiles lived 
during this period or not. In Elgin county there are a series of 
sandstones which overlie what are admitted to be old red sand- 
stone strata, and from which it is difficult to separate them strati- 
graphically, since the newer sandstones are conformable to the 
lower beds, having precisely the same dip. At the base of the 
higher sandstones there is a conglomerate which may or may 
not indicate a great strati^phical break. Prof. Harl^ess and 
other geologists believe sol the beds belong to one period^ viz., 
the old red sandstone. Few fossils have been discovered in 
the higher sandstones, but amongst them are the reptilian genera 
— TelSrpeUm, Stagonolevis and Hyperodapedon. It is mainly from 
the presence of these forms that many geologists feel reluctant 
to aomit the old red sandstone age of these beds ; and by most 
it is suggested they are of triassic date, although there is no 
conclusive evidence to show this. Several specimens of Hyper- 
odanedon have been discovered, and, if as we believe is the case, 
all belong to the same species H. Gordani, this will go far to indi- 
cate that these sandstones are really triassic and not Devonian. For 
this species has been discovered in the triassic beds of Warwick- 
shire, in the i»per trias of South Devon, and in beds which 
are assigned to the triassic age in Central India. In the case of 
the Warwickshire and Devonshire specimens there is no disput- 
ing the post-carboniferous age of the oeds in which they were en- 
tombed, and it is not likely that the same species of reptile lasted 
from Devonian to triassic days. 

ORCHIDACEJS [E. C. vol. iv. col. 111—114]. This vast 
order, the members of which are still eageriy cultivated by many 
admirers of their extraordinary shapes, gorgeous hues, and mam- 
festations of coadaptation of structure for special purposes, is now 
represented by upwards of 6000 reputed species. Some of the 
prmcipal florists nave travellers in various parts of the globe 
almost solely employed in the search for these plants, some of 
the scarcer and more difficult species of which are prized so highly 
as to be saleable at the rate of from five to ten guineas for each in- 
dividual. On one occasion we were assured that some two or three 
hundred new species were received in the course of a single year. 
This statement is probably true, if we take the same view of a 
species as a practical gardener does, whose train^ eye readily 
seizes differential detaib, and whose interest it is to reco^ise as 
many species as possible. A few botanists, whose delight it is 
to make species rather than to discover natural laws, would pro- 
bably coincide with the gardeners. However this may be, we 
consider that the true averace rate of discovery of new reputed 
species is about one hundrea per year. 

In the original article attention was drawn to the curious 
mimetic resemblance observable in the arrangement of the 
floral oi]gans. In the present article we shall chiefly refer to the 
connection which such arrangement has in providing for the 
fertilization of the flower, and upon the important share which 
insects have in ensuring tiiis object. The flowers of orchids, how- 
ever various their shape, appear to be formed of fifteen pri- 
mordially distinct organs ; but this number is frequently reduced 
in appearance through the confluence of some, and the abortion 
or rudimental development of others. Each part acquires a 
special form, size, and relative position in each species, and 
in each functional modification of a species. Whatever modi- 
fication may occur it never reverses the position of the parts 
relatively to the central axis of the flower, by which we mean 
that the order from the centre is always conformable to the fol- 
lowing arrangement, the innermost bemg named first, viz., three 
pistils or female organs, six anthers in two circles or whorls, 
three petals and three sepals. The number of "pajts developed 
may vary, but the order from within is invariably pistils, 
anthers, petals, and sepals. The modifications are brought about 
by the coalescence of one or more organs in each circle, or of 
contiguous circles; and by the unequal development of the 
organs. 

The three female organs or pistils usually terminate in viscid sur- 
f&cea ; two of these form the stigmas, and are nearly always at 
a lower level than the third. This last finally becomes detached 
from^ its main stem, and contracts adhesion with the stalk or 
caudicle supporting the agglomerated pollen grains. Here then 
we have coalescence of the stigmatic surface of the third pistil 
with the pollen grains of an anther ; this compound mass is (desig- 
nated a pollinium, and the viscid disc a rostellum. The thiid 
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fitigma, or that which developes the rostelium, has, as will be 
seen, lost its fertility, but like the neuters amon^ insects, it 
helps indirectly towards the fertilization of the seed. The close 
contiguity of the pollen trains and the stigmas in the same flower 
was at one time regarded as a special arrangement to secure seK- 
fertilization, but from the researches of Mr. Darwin it is mani- 
fest that the parts are, in the great majority of species, so 
adapted as to necessitate the habitual fertilization of one plant 
by the pollen grains from another, that only a few instances 
are known in which the crossing is occasional, and probably 
there is no well-established case in which an hermaphrodite 
fertilizes itself for a perpetuity of generations. Anotner fact 
which has been well illustrated hy Darwin's experiments, is that 
as a rule, applicable to most species, orchids are incapable of 
transferring the pollen from the anthers to the stigmas, this ope- 
ration being effected by some external force. In a few species 
the wind is the moving agent, but in the great majority insects 
effect the transference. The few motions which the orchids 
themselves perform in furtherance of the final object are sur- 
prisinghr like some of the actions which naturalists are in the 
nabit of terming instinctive in animals. The whole series of 
motions which make up the complete action is so varied in the 
numerous species of orcnids, and so fuU of admirable design^ as to 
elicit from Darwin the observation that it '* transcends m an 
incomparable degree the contrivances and adaptations which the 
most fertile imagination of the most imaginative man could 
suggest with unlimited time at his disposal'' These contrivances 
are so numerous that we cannot give a full idea of them, but 
as one example we give Darwin^ graphic description of the 
fertilization of Orchis pyramidalis, "one of the most highly 
organized species which I have examined, and which ia ranked 
by several botanists in a distinct genus. The relative position 
01 the parts is here considerably different from what it is in 
0. mastmlaf and its allies. There are two quite distinct rounded 
stigmatic surfaces placed on each side of the pouch-formed 
rostellum. This latter organ, instead of standing some height 
above the nectai^, is brought down so as to overhang and 
partially to close its orifice. The ante-chamber to the nectary, 
formed by the union of the edges of the labellum to the column, 
which is large in 0. muscula and its allies, is here smalL The 
pouch-formed rostellum is hollowed out on the under side in the 
middle ; it is filled with fluid. The viscid disc is single, of the 
shape of a saddle, carrying on its nearly flat top or seat the two 
caudicles of the pollinia ; of which the two truncated ends firmly 
adhere to its upper surface. Beforo the membrane of the ros- 
tellum ruptures, it can be clearly seen that the saddle-formed 
disc fo^ms part of the continuous surface of the rostellum. The 
disc is partially hidden and kept damp (which is of great im- 
portance) by the largely over-folded basal membranes of the two 
anther cells. The upper membrane of the disc consists of several 
layers of minute cells and is therefore rather thick ; it is lined 
beneath with a layer of highly adhesive matter, which is formed 
within the rostellum. The single saddle-formed disc strictly 
answers to the two minute oval separate discs of membrane to 
which the two caudicles of 0, mascula and its allies are attached ; 
two separate discs have become completely confluent When the 
flower opens and the rostellum has become symmetrically 
ruptured either from a touch or spontaneously (I know not 
which), the slightest touch depresses the lip, — that is, the lower 
and bilobed portion of the exterior membrane of the rostellum, 
which projects into the mouth of the nectary. When the lip is 
depressed, the under and viscid surfiEu^e of the disc, still remain- 
ing in its proper place, is uncovered, and is almost certain to 
a&ere to ^e touching object. Even a human hair, when 
pushed into the nectary, is stiff enough to depress the lip or 

Eouch ; and the viscid surface of the saddle adheres to it. If, 
owever, the lid be touched too slightly, it springs back ana 
re-covers the imder side of the saddle. The perfect adaptation of 
the parts is well shown by cutting off the end of the nectary, and 
inserting a bristle at that end ; consequently, in a reversed 
direction to that which nature intended moths to insert their 
probosces, and it will be found that the rostellum may easUy be 
torn or penetrated, but that the saddle is never caught. W hen 
the saddl^ sticking to a brisUe, together with its pollinia, 
is removed, the under lip instantly curls closely inwards, aha 
leaves the surface of the nectary more open than it was before ; 
but whether this is of any real use to moths which so frequently 
visit the flowers, and consequently to the plant, I will not 
pretend to decide. Lastly, the labellum is furnished with two 
prominent ridges, sloping down to the middle, and expanding 
outwards like the mouth of a decoy ; these ridges perfectly 



serve to guide any flexible body, like a fine bristle or hair, into 
the minute and rounded orifice of the nectary, which, small as it 
is, is partly choked by the rostellum. This contrivance of the 
guiding ridges may be compared to the little instrument some- 
times used for guiding a thread into the fine eye of a needle. 
Now let us see how these parts act. Let a moth insert its 
proboscis (and we shall presently see how freauently the flowers 
are visited by Lepidoptera) between the guiding ridges of the 
labellum, or insert a fine bristle, and it is surely conducted to 
the minute orifice of the nectary, and can hardly fail to depress 
the lip of the rostellum ; this being effected, the bristle comes in 
contact with the now naked and sticky under surface of the 
suspended saddle-formed disc. When the bristle is remov^, 
the saddle with the attached pollinia is removed. Almost 
instantly, as soon as the saddle is exposed to the air, a rapid 
movement takes place, and the two flaps curl inward and 
embrace the bristle. WTien the pollinia are pulled out by their 
caudicles, by a pair of pincers, so that the saddle has nothing to 
clasp, I observed that the tips curled inwards so as to touch each 
other in nine seconds, and in nine more seconds the saddle was 
converted by curling still more inwards into an apparently solid 
ball. The probosces of the many moths which I nave examined, 
with the pollinia of this Orchis attached to them, were so thin 
that the tips of the saddle just met on the under side. Hence a 
naturalist, who sent me a moth with several saddles attached to 
its proboscis, and who did not know of this movement, very 
naturally came to the extraordinary conclusion that the moth 
had cleverly bored through the exact centres of the so-called 
sticky gland of some orehid. Of course this rapid clasping 
movement helps to fix the saddle with its pollinia upright on 
the. proboscis, which is very important ; but the viscid matter 
rapidly setting hard would probably suffice for this end, and the 
real object gained is the divergence of the pollinia. The 
pollinia being attached to the flat top or seat of the saddle, 
project at first straight up, and are nearly parallel to each other ; 
but as the flat top curls round the cylindrical and thin proboscis, 
or round a bristle, the pollinia necessarily diverge. As soon as 
the saddle has clasped the bristle and the poUima have diverged 
a second movement commences, which action, like the last, is 
exclusively due to the contraction of the saddle-shaped disc of 
membrane. This second movement is the same as that in 
0. mcLsctUa and its allies, and causes the divergent pollinia, 
which at first projected at right angles to the needle or bristle to 
sweep through nearly 90 degrees towards the tip of the needle, 
BO as to become depressed, and finally to be in the same plane 
with the needle. In these specimens this second movement was 
effected in from thirty to thirty-four seconds after the removal of 
the pollinia from the anther cells, and therefore in about fifteen 
seconds after the saddle had clasped the bristle. The use of 
this double movement becomes evident if a bristle with pollinia 
attached to it, which have diverged and become depressed, be 
pushed between the guiding ridges of the labellum into the 
nectary of the same or another flower ; for the two ends of the 
pollinia will be found to have acquired exactly such a position 
that the one strikes against the stigma on one side, and the end 
of the other strikes against the stigma on the opposite side. 
These stigmas are so viscid that they rupture the elastic threads 
by which the packets of pollen are bound together ; and some 
dark green grains will be seen, even by the naked eye, remaining 
on the two white stigmatic surfaces. I have shown this little 
experiment to several persons, and all have expressed the liveliest 
admiration at the perfection of the contrivance by which this 
orehid is fertilised. As in no other plant, or indeed in hardly 
any animal, can adaptations of one part to another, and of the 
whole to other organised beings widely remote in the scale 
of nature, be named more perfect than those presented by 
this Orchis, it may be worth while briefly to sum tnem up. As 
the flowers are visited both day and night by Lepidoptera, I do 
not think it fanciful to believe that the bright purple tint 
^whether or not specially devoted for this purpose) attracts the 
oay-fliers, and the strong foxy odour the'nignt-fliers. The upper 
sepal and two upper petals form a hood, protecting the antner 
and stigmatic surfaces from the weather. The labellum is 
developed into a long nectary, in order to attract Lqndoptera, 
and we shall presently give reasons for suspecting that the nectar 
is purposely so lodged, that it can be sucked only slowly ^rery 
dinerently from what obtains in most flowers of other families), 
in order to give time for the curious chemical quality of the 
viscid matter on the under side of the saddle setting hard and 
dry. He who will insert a fine and flexible bristle into the 
expanded mouth of the sloping ridges in the labellum will not 
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doubt that they serve as guides ; and that they effectually 
prevent tne bristle or proboscis from being inserted obliquely 
into the nectary. This circumstance is of manifest importance, 
for if the proboscis were inserted obliquely the saddle-formed 
disc would be attached obliquely, and after the compounded 
movement of the poUinia they could not strike the two lateral 
stigmatic surfaces. Then we have the rostellum partially 
closing the mouth of the nectary, like a trap placed in a run for 
game ; and the trap so complex and perfect, with its symmetrical 
lines of rupture forming the saddle-shaped disc above, and the 
lip of the pouch below ; and lastly, this lip so easily depressed, 
that the proboscis of a moth could hardly fail to uncover the 
viscid disc, and adhere to it But if this did fail to occur, the 
elastic lip would rise again, and recover and keep damp the 
viscid surface. We see the viscid matter within the rostellum 
attached to the saddle-shaped disc above, and surrounded by 
fluid, BO that the viscid matter does not set hard till the disc is 
withdrawn. Then we have the upper surface of the saddle, with 
its attached caudicles, also kept aiEimp within the base of the 
anther cells, until withdrawn, when the curious clasping move- 
ment instaiitlv commences, causing the poUinia to diverge, 
followed by the movement of depression, which compounded 
movements are exactly fitted to cause the two pollinia to strike 
the two stigmatic surfaces. These stigmatic surfaces are sticky 
enough not to tear off the whole pollinium from the proboscis of 
the mouth, but by rupturing the elastic threads to secure a few 
packets of pollen, leaving plenty for other flowers. But let it be 
observed that, although the moth probably takes a considerable 
time to suck the nectar of any one flower, yet the movement of 
depression in the pollinia does not commence (as I know by 
trial) until the pomnia are fairly withdrawn out of their cells ; 
nor will the movement be completed and the pollinia be fitted 
to strike the stigmatic surfaces, until about lialf a minute has 
elapsed, which will give ample time for the moth to fly to 
another plant, and thus effect a union between two distinct mdi- 
viduals. Lastly, we have the wonderful growth of the pollen 
tubes and the penetration of the stigma, as well as the mysteries 
of germination, though these are common to all phanerogamic 
plants." The reference to remarks on the visits of tepid opterous 
msects to orchid blossoms is fulfilled in his account of another 
species of Orchis^ viz., 0. ustulata. The cases in which insects 
have been actually seen to frequent such flowers are remarkably 
few as compared with what we should expect Darwin himself 
had watched orchids for twenty years, and had only seen two 
butterflies sucking the blossom. Next to seeing the act, the most 
direct evidence is the occurrence of pollinia on the probosces or 
other parts of the body of Lepidoptera, This circumstance has 
doubtless been observed, but without its importance or meaning 
being recognized, by many observers. Thus Mdni^re stated in 
1854, that a bee-keeper complained that his bees visited his 
neighbour's garden, and on returning from thence had their 
heads so covered with yellow bodies as to be imable to free them- 
selves from them. These bodies were pollinia. It appears that 
at least twenty-three species of Lepidoptera visit tne single 
species, 0. U8tvlataf but it is not uxuikely they firequent other 
species also. As yet observations have not been sufficiently 
numerous or precise to enable us to say what species of insects 
visit what species of orchids ; nor whether it is usu^y the case 
that an orcmd depends upon a single species of insect for its 
fertilization. Darwin thmks it probable that all the orchids 
with spear-like nectaries are visited indifferently by many kinds 
of moms ; and that those which have not tubular nectaries are 
frec^uented by other orders. A third method of observation 
indicative of the extent of insect agency is afforded by an 
examination of the plants themselves, and estimating the number 
and proportion of pollinia which have been removed. 

But there are many ways in which insects are poUen- 
cairiers other than that just noticed with reference to Ordiis 
pyramidalisy in which they are almost compelled to C€urry the 
pollinia on their probosces. Our space forbids our citing many 
examples. One is afforded by the fine exotic orchid, Cai<uetum 
saccatum. In it the column with its anther, pollinia, and stig- 
matic surfaces, stands upright, and the labellum stands out at 
right angles thereto. In the front of the column, and at about 
the middle, is an arched recess or stigmatic chambier. The arch 
of the recess is partially filled with the rostellum, the viscid 
surface of which is applied ag|ainst the roof of the stigmatic 
chamber. The outer surface of the rostellum is covered by a 
membrane, and from this proceeds in a strong upward semi- 
elliptical curve, the pedicle which supports the pollen mass. The 
sides of the stigmatic chamber are prolonged into two filaments, 



one of which hangs down with its lower end curved inwardly ; 
while the other stands out obliquely, so that its lower end, which 
is curved forward, occupies a median position. This filament is 
just long enough to project slightly over a depression in the 
labellum. This depression is very deep, and is apparently 
frequented by insects. In order to get at it they are almost com- 
pelled to proceed along a ridge, and in so doing they can hardly 
avoid touching the forwardly curved end of the filament A 
gentle touch on this organ suffices to cause the pollinium to 
fiberate itself from its attachment, and to straighten itself with 
such force as to project the pollinia with the heavy viscid end 
foremost to a distance of from one to three feet rersons have 
touched the flowers of plants of this genus, and have received a 
shower of pollinia in their faces ; and Darwin touched the 
filaments oi a plant of Gatouetum callosumf when the pollinium 
hit and adhered to a window pane a yard oft It does not 
appear how the fertilization is aiaed by the pollen masses being 
projected so straightly forward ; but the case becomes clearer 
when it is considered that the exciting object is probably a large 
insect, and that such an object would be placed so near the 
anther, as to be accurately struck in the middle by the projected 
pollinium, and as the viscid disc is forwards this would cause the 
mass to adhere to its back. The strength with which the adhesion 
takes place almost implies a large and powerful insect Wlien 
the viscid matter is set it will resist any force which the pedicle 
will bear, and this, although not more than one-twentieth of an 
inch across its narrowest part will support a weight of nearly 
three ounces. In Catasetum luridum the pollinia are so discharged 
when the filaments are artificially imtated that thev attach 
themselves to the bottom of the concavity of the labellum ; so 
that thero is reason to believe they would be received ou the 
back of any insect who was obtaining the contente of the 
labellum. By these insects it is inferred, and no doubt observa- 
tion will confirm the inference, that the ix)llen masses are 
transferred to the stigmas of other plants. Before leaving GcUa- 
setunif we woidd observe, althougn somewhat digressing from 
our subject, that C, tridentatum is interesting on accoimt of its 
polymorphism, and of the sexes being distributed among differ- 
ent flowers. The form to which the above specific name was 
originally assigned was the male flower. The female form was 
placed in a distinct genus as Monachantiius viridis ; and a third 
lorm, which is of an hermaphrodite character, since it combines 
more or less of the female and male features, was considered to be 
a third genus, and was named Myanthus barbatus. Usually the 
three forms are borne on separate plants, but occasionally they 
are minsled together on Uie same plant These three forms are 
remarkaoly different in structure and details, and to those who 
fimily beheve that the amount of difference between two forms 
is a measure of the separation which should be accorded them in 
classificatory schemes, it may well seem, as Lindley remarked, 
that " such cases shake to tne foundation all our ideas of the 
stability of genera and species,'' but to our mind it is only 
another illustration of the necessity of investigating the life 
history of a species, or of having a fairly probable knowledge of 
it inferentially before giving it its specific and generic name. 
We believe no biologist is in a position to say what amount of 
difference between two specimens is a good warranty for regard- 
ing them as specifically or generically distinct 

Another remarkable arrangement for securing the ejection of 
pollinia on an insect, and their transference in the proper 

Position to the stigmatic surfaces, is afforded by Mormodes ignea, 
n this position the compressed column of the anther i& situated 
above the pollinium, and the case containing it is connected witli 
the prolonged tapering summit of the column by a short thread- 
like ninge. The pollmium and anther are so arched as to form 
a slightly bowed forward projection of the column. The 
labellum is turned up, and its shape may be compared in a rough 
way to a cocked hat on a cylindrical pedicle. The labellum is 
turned so far back as to rest upon the column, which is received 
in a depression which Darwin says represents the depression 
noticed m Ccttcuetum. The surface of the labellum which is 
uppermost in Mormodes forms a disc, and the most convenient 
resting place for an insect The column and the labellum are 
not opposite one another, but are twisted laterally to opposite 
sides. When the little hinge above mentionea is slightly 
touched a complicated series of motions is started, the result of 
which is to throw the pollinium perpendicularly upwards so as 
to fall with its viscid disc upon the crest of the labellum. No 
other part of the flower is sensitive, for provided the hinge be 
not affected it will withstand strong jolts and hard knocks 
without liberating its pollinium. But several parts may be 
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touched, the intensity of the force varj'ing with each, so as to 
affect the hinge, and to lead to the upthrow of the pollinium. 
In this species the precise modus operandi of the way in which 
the pollinium is liberated in nature is unknown, but it is not un- 
likely that Darwin is con-ect in believing it to be by insect agency. 
He puts his case in the following words : — " Now let ais suppose 
an insect to alight on the crest of the labellum (and no other con- 
venient place is afforded), and then to lean over in front of the 
column to gnaw or suck the bases of the ^tals swollen with 
sweet fluid. The weight and movements ot the insect would 
press and move the labellum, together with the bent underlying 
summit of the column ; and the latter pressing on the hinge in 
the angle would cause the ejection of the pollinium, which would 
infallibly strike the head of the insect and adhere to it. I tried, 
by placing my gloved finger on the summit of the labellum, with 
the tip just projecting beyond the mamin, and then gently 
moving my finger ; it was really beautiful to see how instantly 
the pollinium was projected upwards, and how accurately the 
whole viscid surface of the disc struck my finger and firmly 
adhered to it. Nevertheless, I doubt whether the weight and 
movement of an insect would suffice to thus act indirectly on 
the sensitive point ; but look at the drawing [which we have not 
reproduced here], and see how probable it is that an insect 
leaning over would place its front legs over the edge of the 
labellum on the summit of the anther case, and would thus 
touch the sensitive point ; the pollinium would then be ejected, 
and the viscid disc would certainly strike and adhere to the 
insect's head." 

We could mention many other cases similar to those above 
recorded from the works of Darwin and Gray, as cited below, 
and other observers, but the reader cannot do better than consult 
the originals. The instances above given have evidenced more 
or less clearly that although the made and female elements are 
united in the same flower, yet they are not self-fertilizable, but 
are habitually crossed by the agency of insects. In a few 
species, however, such as Ophrys apifera, the bee-orchis, the parts 
are unquestionably specially adapted and arranged for self- 
fertilization. The pollinium, whicli has a doubly oent pedicle, 
is at first situated upright in a sort of protective hood formed by 
the anther. As tne plant matures the pollinia retain their 
attachment by means or the rostellum. but fall forward, so tliat 
the pollen mass hangs loosely juat in front of the stigmatic sur- 
face. As long as the air is still the pollen does not come in 
contact with the stigmatic surface, but with a gentle breeze 
the pollen mass begins to vibrate, and soon acquires sufficient 
Bi^in^ to bring it against the stigma to which it adheres, and the 
fertilization is effected. Even in this species Darwin points out 
that there is also manifest contrivance lor effecting cross fertili- 
zation by insect agency, and on the strength of this, and a few 
other circumstances, he thinks it safest to conclude, not that the 
species always self-fertilizes itself, but that occasionally, possibly 
at rare inteiTals, there is a cross between two individuals. 
Another form which is regarded by some botanists as a variety 
of 0. apifera, viz., 0. arachnites, has no adaptation for self-fertili- 
zation. This great functional difference, combined with slight 
differences in form and structure, seem to entitle 0, arachnites to 
distinct specific rank. In America also there are two closely 
allied forms, one of which is self-fertilizable {Platanthera hyper- 
horea)f whereas the other is not (P. dilatata). 

Before concluding this article we would just mention a 
monstrous blossom of Cypripedium candidum in which the parts 
are symmetrical, complete, regular, but dimerous, and in which 
there is a clear demonstration of two stamineal verticils, which 
Brown long ago insisted to be the ideal type of an orchidean 
flower. This case of regularity is very remarkable in an order, 
which is perhaps more conspicuous for irregularity of form than 
any other. 

(Darwin, On the various contrivances by which British and 
Foreign Orchids cure fertilized by insects, and on the aood effects of 
intercrossing, 1862; Gray, Am, Joum. of Sci, 2nd series, vol. 
xxxiv. pp. 138—141, 259, 420—429; xxxvL pp. 292—294; 
xlii. p. 195.) 

OREODON. This is one of the many genera whose remains 
have been exhumed from the eocene strata of the Mauvaises 
Terres in Nebraska and near the eastern foot of the Rocky 
Mountains. A little farther north, on both sides of the Mis- 
souri, near where it is joined by its tributary, the Judith, is 
another district where eocene strata are developed, and which 
has also been called the Bad Lands. We mention the latter in 
order that the two districts may not be confused. It is distin- 
guished as the Bad Lands of the Judith river, while the former 



are the Bad Lands of the White river. The Bad Lands of the 
White river form a most remarkable sight. All around for 
miles and miles stretches the uniform and monotonous prairie ; 
at Mauvaises Terres there is a sudden valley depression of between 
one and two hundred feet below the prairie level The valley 
itself is crowded with isolated pyramids and towers of rock, 
which simulate at a distance the ruins of some vast city. When 
the valley is crossed the traveller has to wind his labyrinthic 
way amidst these columnar patches of rock along narrow pas- 
sages which remind him of^ the narrow byeways and streets of 
some quaint old town. The masses of rock tower above his 
head to a height varying from a few feet to between one hundred 
, and two hundred feet. The top of the loftiest is nearly on a 
level with the surrounding prairie. The whole area appears to 
have been scooped out by some mighty river, with the exception 
of the crowd of rocky pillars. The pillars themselves are formed 
of a succession of freshwater strata, in which occur the Oreodon 
and other mammalian relics. The floor of the district is covered 
Avith the debris of the strata, and in it are embedded myriads of 
bones. The earliest remains belonging to the genus under notice 
were named Mer^coidodon; other fragments subsequently found 
were assigned to two genera, Oreodon and Cotylops. The founder 
of all these, Dr. Leidy, is now convinced that all belong to the 
same genus, for which he retains the name Oreodon, not the 
earlier appellation Alerycoidodon, Like so many of the old estab- 
lished mammalian genera it possesses characters linking together 
families and sub-orders, which appear to be separated by wide 
gaps as represented in the living fauna. It connects the living 
Cervida with that primitive form of ruminant, the Anoplotherium, 
and at the same time it has a more or less close resemblance to 
the Camelidw and SuidcB. As may be expected from this state- 
ment, there are many points in its anatomical structure of great 
interest to the comparative anatomist, but we cannot go into 
details. The teeth form an almost continuous series, the gaps 
being of inconsiderable dimensions. The level of the teeth 
approaches in evenness that of Anoplotherium, the only material 
interruption of the plane being the projecting canines. The 
dentition appears to favour Mune-Edwards' opinion that the 
outermost pair of incisors in the Moscliidce are mcisors, and not 
canines, as is maintained by Professor Owen, since Oreodon has 
eight incisors in the lower jaw, as also the canines. Dr. Leidy 
suggests the hypothesis that the functional canines may be the 
most anterior pre-molars modified into canines, a view which he 
observes is favoured by the absence " of the first of the normal 
number of molars, and also by the unusual position of the 
inferior canine tooth. Further, the latter has almost the exact 
form which would be produced by merely prolonging the crown 
of the first functional pre-molar. On the other hand, in PalcBo- 
therium, the lower ana upper canines have the same relative 
position as in Oreodon, and yet the lower jaw has the normal 
number of pre-molars." The formula of the permanent dentition 
is as follows :— 



Incisors, 



a-3 



3—3 
3—3 



4—4 



1—1 4^4 

canmes, - — -; pre-molars, - — ^ 



true molars, 



= 44. 



This suggests another mode of looking at the question, but in 
the absence of an autopsy of the fossil remains, the conclusion 
must l^e regarded as simply hypotheticaL In many of the 
eaiiier mammalian genera the full complement of the dental 
series consists of 44 teeth. Professor Owen looks upon such a 
set as typical, and believes that by identifying each tooth in 
such a set, one is able by a critical anatomical examination to 
determine what teeth are present and what teeth are absent in 
all placental mammals which have an incomplete set So far as 
we are aware no form has a greater number, and moreover no 
form has a hirger numerical development of any one kind of 
tooth than is contained in a typical set, which is formulated 
thus : — 



T . 3—3 .1-1 ,4 

Incisors, ;; — :: ; camnes, - — ;■ ; pre-molars. 



3 3 



1—1 



4—4 



; true molars. 
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3—3 

Such a formula we have already stated is met with in many 
extinct genera, and it is also that presented by the common 
mole. As Oreodon possesses the full number of 44 teeth, there 
are none wanting, or in other words the typical set is nresent, 
although possibly more or less modified m form. On this 
hypothesis it would seem that what Leidy calls the fourth 
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incisor in the lower jaw, although functionally incisors, are 
really typically the lower canines. His upper canines are so 
both typiodly and functionally ; his lower canines are functional 
modifications of the first pre-molars, a view which harmonizes 
with their peculiar position, with their apparent absence, and 
with the hypothesis which he has himself suggested. Moreover, 
the presumed absence of these molars is not in harmony with 
there being 44 tee^. On this basis the dentition of Oreodon is 
a t3rpical set, a few of the teeth having their functions modified. 
Dr. Leidy says of the dentition of Oreodon that it is remarkably 
distinct from that of any living or any known extinct genus, 
and that it indicates the combmed habits of ruminating and 
suilline animals, or, in other words, it appears to characterise a 
ruminating hog. 

(Leidy, The Ancient Fauna of Nebraska.) 

ORGANIC REMAINS. L^. C vol. iv. cols. 115—121; 
Paubontology, E. C. S.] 

OXYGEN. This substance is usually considered to belong 
especially to the domain of chemistry, and hence most descrip- 
tions of it are mainly based upon facts, as seen from a chemical 
point of view ; its examination from a purely natural historpr 
point of view is quite as important and interesting. In this 
account, however, attention will not be restricted either to the 
one or to the other, the object being to arrive at broad general ideas. 

The ahnost incredible abundance of oxygen in nature is alone 
a sufficient justification for its treatment in this division of E. C. 
The commonest compounds are largely composed of it Thus it 
forms eighty-nine parts by weight of water, about fifty per cent 
of silica, alumina, and limestones ; and these last constitute by 
far the greater proportion of the aggregate weight of all the 
rocks and minerals known. The organic kingdom also contains 
vast quantities of oxygen stored up in fluids, tissues, and cells, 
but in these carbon U, the predominant and characteristic in- 
gredient Disregarding plants and animals, it may safelv be 
said that one-hau of the weight of the outermost layer of the 
earth, as far down as man has been able to get, is due to oxygen. 
The whole of this enormous mass of oxygen is chemically com- 
bined with other substances which greatly modify its properties. 
Free or uncombined oxygen is only Known in the gaseous state, 
and as such it forms twenty-five per cent, by weight of the 
atmosphere. It would be possible to state roughly what the 
total weight of the oxygen is, but the figures would be so 
enormous as to elude the grasp of the mind. For instance, to 
take the oxypn in the air only, which is manifestly a very 
small proportion of the whole, the estimated weight is about 
1200 million of million of tons. Its properties as a gas will be 
found under Oxygen, Arts and Science Division, but the 
details there given do not bring out its relations to other 
elements so clearly as might be desired, so that we propose to 
restate its properties in another way in the present article. 

The weight of a body is the attractive force between it and 
the earth, and this force is always proportional to the quantity 
of matter, so long as the accompanying conditions are unaltered. 
This weight is usually expressed in figures rdferring to some 
arbitrary standard, such as a pound, a kilogramme, &c., the 
standard being an accurately defined mass of some substance, 
generally water, at a given temperature, and under a given 

f pressure. The unit of weight here adopted is 1 gramme 
16'44 grains) of hydrogen, having a temperature of 0° C. (32° F.), 
and suDJected to a pressure equivalent to that of 760 millimetres 
(29*91 inches) of mercury. This is idso adopted as the imit of 
mass or quantity of matter, and as the unit of volume. When a 
similar bulk of oxygen is weighed under the same conditions it 
counterbalances 16 grammes (247 grains) ; so that if hydrogen 
be 1, the roecific gravity or relative weight of oxygen is 16, or in 
other words there is 16 times more matter in oxygen than in 
hydrogen when similar volumes are exposed to identical con- 
ditions. These conditions are, as we have indicated, definite 
degrees of gravity, pressure, and temperature, combined with 
perfect isolation. The gravity depends upon the mass of the 
earth and the distance between the centres of gravity of the 
earth and of the object weighed, together with the rotatory 
velocity of the globe. The mass or weight of the earth is 
believed to be constant ; while the variation in the distance 
between the two centres, as also in the velocity of the surface of 
the earth with latitude, can have a very unimportant influence 
on the relative weights of equal volumes of the mfferent elemehts 
or compounds. It will therefore facilitate calculations, and yet 
not interfere with the accuracy of the results, if the force of 
gravity be considered constant ; more especially when it is 
borne in mind that the figures wc shall employ cannot claim to 



be rigorously accurate, but only close approximations. The 
remaining conditions are temperature and pressure, the slightest 
variation of either of which greatly influence the relative 
volumes of different gases. What then, it may be asked, is the 
relation between pressure and volume, or temperature and 
volume? meaning by the word temperature the intensity of 
heat and not its quantity. 

Oxygen is known to expand by ^ of its bulk when heated 
from 0^ to 1° C. (32° to 33^^ 8 F.) unaer a constant pressure of 
760 mm, (29*9 inches) of mercury at that temperature, which 
pressure is 1*033 kilogramme on tne square centimetre, or about 
14-4 lbs. on the square inch. A unit volume of oxygen weighs 
16 grammes (247 grains), and consequently a kilogramme will 
occupy the volume of 62*5 mass units, oi 699*37 litres (1239*6 
pints). When the temperature of this volume, which we shall 
call in round numbers 700 litres (1240 pint*), is raised from 0^ 
to 1' C. (32° to 33°-8 F.), it is also expanded to 700 litres X 
M litre, or 702*56 litres (1244*5 pints). During this expansion 
force is exerted in pushing against the pressure, which force is 
equivalent to raising 1*0333 kilogrammes to a height of 25*6 
metres (1007 inches) for every square centimetre of area, or 1 
kilogramme to a height of 26*5 metres. The work done in 
expanding therefore corresponds to a moving force of 26*6 
kilogrammetres (191*8 lbs.), which force applied as pressure 
womd suffice to reduce the gas to its original bulk if the tempe- 
rature be kept unaltered. Heat, however, is expended in raismg 
the temperature as well as increasing the bulk. The ratio 
between the heat required to raise the temperature from 0° to 1° 
C. when the volume is constant is to that required when the 
pressure is constant as 1 is to 1*1414 ; and as the volume is kept 
constant by means of some external force, such as pressure, the 
quantity of heat represented by *414 is equivalent to such 
pressure. This pressure has been already ascertained to be 
equivalent to 26*5 kilogrammetres, and therefore the *414 of heat 
is also equivalent to this force, while the quantity represented 
by 1 is equivalent to 64 kilogrammetres ; and the whole quantity 
of heat required to raise the temperature of one kilogramme 
of oxygen fix)m 0° to 1° C. under constant pressure, corresponds 
to 26*5 -f 64=90*5 kilogrammetres (6610 foot-pounds) of motion. 

Heat and pressure, then, are two antagonistic forces, which 
are always striving to produce opposite effects. In the case of 
gases heat is an expanding force, and pressure a condensing 
one ; the one acts in the opposite direction to the other, in pre- 
cisely the same way as the torces exercised by the two weights in 
a balance act in two directly opposite directions. The common 
balance enables us to measure the relative forces exercised by 
two weights, and the mass of gas enables us to measure the 
relative forces of heat and pressure. The ratio between these in 
oxygen is known, and it is also known to be the same in 
hydrogen as well as all other similarly perfect gases. As tbe 
properties of hydrogen are here adopted in many cases as the 
standard units, we may here define wnat is meant by a unit of 
heat and a unit of pressure. The unit of heat is the quantity 
reqidred to raise one gramme of hydrogen of unit volume from 
0° to 1° C. when under constant pressure ; and the unit of pres- 
sure is the force required to reduce the volume of one gramme of 
hydrogen at 1° C. when imder a pressure of 760 mm. of mercury 
to the unit volume, the temperature still remaining 1° C. The 
heat unit corresponds to 1*028 kilogrammetres (7*37 ft lbs.), and 
the pressure unit to *424 kilogrammetre (3*05 ft lbs.) So that 
whatever a heat unit does is equivalent to 3*3 times what is 
effected by a pressure unit ; and a pressure unit will counteract 
the work done by -296 of a heat imit 

Recurring again to oxygen, it will be noticed that when a 
kilogramme is heated from 0° to 1° under constant pressure a 
quantity of heat equivalent to 90*5 kilogrammetres is absorbed, 
of which the proportion represented by 64 kilogrammetres is 
spent in raising the temperature, and that represented by 26*5 
kilogrammetres in lifting the pressure ; consequently, when one 
gramme is heated from 0° to 1° the temperature will be repre- 
sented by '064 kilogrammetre, and the pressure by •0265 ^o- 
grammetre. These numbers are just '^ of the corresponding 
numbers for hydrogen. Thus, •064 X 16 = 1*024 kilogram- 
metres ; and *0265 x 16 = *424 kilogrammetre. 

Having thus obtained a tolerably accurate idea of what heat 
and pressure do on a small scale, it may be asked what would 
be tne effect when large quantities of heat or pressure are 
applied to the unit of volume. For instance, what force is 
required to reduce oxygen to the density of water? In con- 
sidering this question we will, for the present, disregard the 
results obtained in the experiments made to condense gases by 
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pressure, and will suppose that the rate of contraction is imifonn 
for equal additions of pressure, and that pressure is the only 
condensing or contracting force brought into operation. One 
unit of pressure, '424 kilogrammetres (.30*5 ft. lbs.) reduces the 
bulk of 16 grammes of oxygen of unit volume by ^, and 273 
fluch units =« 116'6 kilogrammetres (835*55 ft. lbs.) will halve 
its bulk, and consequently increase ihe density from 16 to 
32, provided the temperature be kept constant at 0^ A further 
pressure of 115'6 kilogrammes will mcrease the density from 32 
to 48 ; or in other words, increase the weight of a unit volume 
of oxygen from 32 grammes to 48 grammes. For every addition, 
then, of 273 pressure units the density is increased by 16. The 
same applies whether the original bulk be one gramme or 16 
granmies ; and it will facilitate calculation if one gramme be 
taken as the starting point The force required to increase its 
density from 16 to 32 is ^^ of 115*6 kilogrammetres, or 7*16 kilo- 
grammetres. The density of ordinary water at 100° C. 
7212° F.) is 10,179 as compared with hydrogen = 1, and the 
force required to condense oxygen is 7*16 kilogrammetres X 

i^w-16 = i^ = 4512 kilogrammetres. The force required for 
16 grammes would be 4512 X 16 = 72,122 kilogrammetres. 
Water is usually called H, 0, but this is a chemical compound, 
and not a mechanical mixture ; hence the force required to con- 
dense two vols, of hydrogen and one vol. of oxygen so combined, 
is not the same as if they were simply mixea. If they were 
simply mixed, the specific gravity of one volume would be 6, 

and the force required would be 115*6 X ^^^—- = 195,942 

kilogrammetres. When Hj and combine they form a com- 
poimd, whose density under the standard conditions is 9 ; and 
the force required to convert this to the density of water at 0° is 



10,170 



115*6 = 130,643 kilogrammetres. The force for one 
mme would be 14,515 kilogrammetres =■ 34,310 gramme 



era 

degree units. According to Favre and Silberman's experiments, 
wmch seem to be the most trustworthy yet made, the heat 
evolved from each gramme of water when combination takes 
place is 34,462 gramme-degree heat units. Our calculated 
results come very near the experimental results. The precise 
calculated figures depend partly upon the degree to which 
decimals are carried out, and partly upon the temperature at 
which it is assumed the combination occurs. 

As the density of the water is retained at 0° and 760 mm. it is 
clear that the density is due not to any increase in pressure, but 
to an increase in the force which keeps the particles chemically 
united ; and it would require a similar force applied in some way 
or other to disunite the two elements. In comparing the above 
results it is important to bear in mind that the heat is that given 
out by 1 gramme of steam. If, therefore^ 1 gramme represents 
the atomic weight of hydrogen, then the heat evolved by the 
molecular weight of H,0 is 34,310 gramme-degree heat units 
X 18^617,580 heat units. We attach great importance to the 
strict definition of chemical symbols. In most chemical books 
H,0 means water generally, whatever its state of condensation, 
and whatever its bulk. We suggest that there would be an 
advantage in applying the symbolso as to indicate, where neces- 
sary, a definite quantity of matter or of force. Thus H,0 might 
stand for water generally as at present ; but where greater pre- 
cision is requisite, as in cases wnere the quantity and condition 
of the matter are elements in chemical combination, we should 
indicate such facts by modifications of the symbol. Thus one 
method which suggests itself as practicable may be exemplified 
by H,0 (1:9); H,0 (10 : 10,179), the first of which stands for 
1 gramme of the compound in its most highly ranfied state ; and 
the latter 10 grammes of boiling water ; both being under the 
standard conditions aa regards temperature and pressure. The 
plan may seem a confusing one, but it will probably be found to 
facilitate the working out of chemical proolema when the con- 
sideration of heat or any other of the modes of motion or forces 
enters into the question. Again would stand for oxygen 
generally as at present ; but if we wished to indicate the element 
when subjectea to no other forces than is represented by a pres- 
sure of 760 mm. and a heat of 0° C, we should desimiate it as 
(0:16); while 1 gramme would be represented by (1 : 16) ; 
ana the atom as now usually accepted in text books by 
(16 : 16). 

When oxygen and other gases are actually subjected to pres- 
sure they do not contract according to Boyle and Marriotte's law, 
so that, strictly speaking, the density is not directly as the pres- 
sure ; it is always somewhat greater. This anomaly appears to 
arise from, a second force, viz., cohesion, or idio-attraction, being 



brought into play. The density is consequently an effect pro- 
duced by pressure and cohesion, but as no one seems to have 
ascertained what share each force separately has in producing 
the final result, we have assumed in the foregoing calculations 
that pressure is the only force, and that cohesion acta in the same 
way as pressure alone would do. That this assumption is war- 
rantable seems to be shown by the calculated results being almost 
identical with those obtained by experiment. 

If this article were intended to be an exhaustive or even a full 
systematic account of oxygen, we should next proceed to indicate 
its relations to the other physical forces, such as li^ht, electricity, 
magnetism, &c. ; but as our aim is not so high, we pass on to 
the general chemical properties of this element. Oxygen com- 
bines with almost every element, and the different oxygen com- 
pounds possess a great variety of characters. If the inquiry were 
properly carried out care should be taken to compare the 
chemical activity of oxygen under different yet comparable con- 
ditions ; accordijig as it is dry or moist, cold or hot, in small 
quantities or in large quantities, when acting on small or large 
surfaces, &c. The combinations of oxygen with the lighter 
elements are remarkable for the immense quantity of heat which 
they evolve, and generally speaking the quantity is less in pro- 
portion as the combining element is heavier. Thus H,0 
(1 : 10,179) evolves a heat of combination of 34,000 units ; while 
according to Andrews 1 gramme of oxide of copper only gives out 
603 heat units. Many other illustrations might be given. The 
quantity of heat given out is to a certain extent a measure of the 
force of cohesion, and consequently of the stability of the body. 
Those which give out most neat are the most stable, and those 
which give out least, least so. Conversely it is found that less force 
or heat iB required to decompose or separate the elements of the 
tmstable compounds than the stable ones. Indeed the quantity 
of heat required for decomposition is a direct measurement of the 
strength of the afl&nity. Oxygen has greater affinity for the light 
elements, such as sodium, potassium, &c., than for the heavier 
ones, such as platinum. Oxygen and the lighter metals combine 
at ordinary temperatures, but it requires more or less heat to 
effect the combination of the oxygen with the heavier metals. 
Hence it is that the lighter metals are so much more rare than 
the heavier ones in the native state. We have used the word 
affinity in this paragraph in the sense ordinarily adopted by 
chemists, viz., the attractive force which causes elements to unite 
into chemical compounds, and in so doing we have made a 
statement at variance with the general tenour of our remarks, 
since we have implied that an increase of heat is capable of 
increasing the intensity of an attractive force. In order to get 
rid of this ambiguity we should be inclined to measure 3ie 
strength of the combmation, not by the energy displayed under 
the present ordinary conditions under which such combinations 
are effected, but by considering how far that energy is modified 
by the co-operation of other forces. Thus to explain what we 
mean we may suppose there to be two kinds of ccmesion, one of 
which we will distinguish as physical cohesion, and the other as 
chemical cohesion. The former acts on jxarticles of a similar 
nature, and the latter on particles of a dissimilar nature. The 
two kinds of cohesion have different relative strengths according 
to circumstances ; in ordinary parlance the excess^ the chemicS 
cohesion over the physical cohesion is considered as the indicar 
tion of the strength of the chemical affinity; but we think it 
would lead to clearer ideas if the intensity of the chemical 
cohesion, when acting independently of aU other forces, be taken 
as the indication of strength. We may then conceive that the 
application of heat may increase the tendency to combination 
eitner by the relative weakening of the physical cohesion, or in- 
directly by increasinff the pressure, as wnen bodies are burnt in 
a confijied space full of gas. We believe that there can be no 
increase in the force of eiuier kind of cohesion by the action of 
increase of heat only, whether the increase be in quantity or 
in intensity. 

One of the most marked features of oxygen is its combusti- 
bility ; but it must not be supposed that it is the only com- 
bustible element ; it should rather be looked upon as generally 
the most combustible. Combustion is l^e name given to the 
heat and light effects produced whenever there is an intensity of 
chemical action, which action is always attended by a correspond- 
ing intensity of contracting force. No other element equals 
oxygen in this respect; stiH there are many cases in "v^ch 
strong heat and light are given out where other elements, besides 
oxygen, combine together. As the quantity of light and heat 
evolved is a measure of the force required to form the product, it 
follow? that, generally speaking, more force is expend!ed in pro- 
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ducing oxides than any other einmie combinations between two 
elements, such as sulphides, and therefore it would require more 
heat to decompose oxides than sulphides, &c. We have already 
stated that the earth's crust is largely composed of oxides and 
oxygen compounds, and that oxygen compounds are also found 
in the organic world. The most marked distinction between 
these two groups of compounds is that, generally speaking, 
minends are incombustible, and not easily decomposed oy heat ; 
while organic oxygen compounds are for the most part com- 
bustible, and readily decomposed by heat. The more common 
oxygen salts amongst minerals, such as silica and the silicates, 
the soda, potash, and lime salts, are remarkable for their 
stability ; while the oxy-hydrocarbons of animals and plants are 
as remarkable for their instability. In other words, it requires 
more mechanical force or its representatives to change minerals, 
but a slight amount only to change organic compounds. This 
leads to the inference that the force required to combine organic 
compounds is far less than that required to combine inorganic 
compounds ; and therefore that the molecular constitution of in- 
organic compounds must be more complicated than that of 
organic compounds, since the latter are by far the lighter of the 
two groups. The molecules themselves may be complex in 
organic compounds, but the number of molecules in a given 
space, say the unit volume here adopted, is by far the greatest in 
tne minerals. For instance, one of the most complex of organic 
substances is stearin, the formula for which is CayHyqO^^lTS 
atoms. Clay as ordinarily written is (Si 0^)3 Al^O, or S13 Al, Og. 
If clay were so composed, the volume corresponding to that 
adopted for 1 unit of hydrogen, which is 11*19 litres, should 
have a density of 
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263 

supposing it to be a one-volume compound, and 131 supposing 
it to be a two-voliime compound. The specific gravity ot ordi- 
nary clays is about 2*6 on the water scale, or 27,495 on the 
hydrogen scale. The formula, corresponding to that of stearin, 

is SijAl^O, X ^ = ^hrr^\isOr^i = 2926 atoms. This shows 
also how much more highly oxidized the silicate is than the 
stearin. If we wish to compare their relative combustibilities we 
must calculate their relative degrees of saturation by oxygen. 
When silicon is thoroughly burned it becomes SiO, ; aluminium 
becomes Al^Oj ; carbon, CO, ; and hydrogen, HjO. The Si^O- 
corresponds to Si^-Ojjg^; ALOj corresponds to' Al^j^O^jy ; and 
Si,Al,Op corresponds to Si-^O^.^^ + A\^^fi^„ = Si^^ALj^C.g.^. 
So that the silicon and aluminium are thoroughly oxidized m 
the clay, and not being capable of further oxidation under ordi- 
nary circumstances are incombustible. The CO, would corre- 
spond to C„0ii4; H,0 to HjioOja; and the two together to 
C.yOjioOiaj. Hence stearin is hardly oxidized at all, is capable of 
taking up a great deal more oxygen, and is accord mgly a 
combustiDle body. In this way it would be possible to draw up 
a table, showing the combustibility or incombustibility of bodies 
so far as oxygen is concerned. As a rule, minerals are thoroughly 
oxidized bodies, and minerals constitute the food of plants. 
The most important items are carbonic oxide or thoroughly 
oxidized carbon, and water, or thoroughly oxidized hydrogen ; 
and the materials of plants are almost entirely composed of 
these two substances deprived of the great bulk of their oxygen. 
Now we know that an immense force was required to bring 
oxygen in combination with these elements ; ana the same force 
is necessarily required to separate it from them. This force is 
actually exerted by plants, and the force is almost entirely 
derivecl by them from the sun's light. Plants, then, form. an 
ever active machinery for the manufacture of more or less 
deoxidized compounds and of free oxygen. 

Animals are distinguished from pl^ts and minerals by their 
constant activity and marvellous powers of motion. Neither 
motion nor force is developed to any great extent in mature 



plants ; but a mature animal is a magazine of highly concen- 
trated force always ready for application. This general differ- 
ence is intimately connected with the fact that the food of plants 
is thoroughly saturated with oxygen, while the products formed 
from that food are not so saturated ; so that there must necessarily 
be a deoxidation. The life of animals primarily depends upon 
vegetable matter, and this is transformed into muscular tissues 
and those compounds from which the muscular force is derived ; 
all of which are imperfectly oxidized. The word primarily is 
used above to mean that carnivorous animals would be unable to 
exist were there no plant eaters, not to imply the exclusion of a 
first Great Cause. Unfortunately, little is Imown as to the pre- 
cise chemical composition of tne muscular and other animal 
tissues, so that no rigorous comparison can be made between 
their oxidation and the work performed. The main phenomena 
connected with the performance of work are, however, suffi- 
ciently well known. The majority of the tissues are complex, 
more or less imperfectly oxidized, and therefore unstable com- 
poimds ; while the waste products are for the most part simple 
stable compounds, almost completely saturated with oxv^d, 
such as water, carbonic acid, and ammonia, or simple comuina- 
tions of them. 

So far we have confined ourselves to the present relations of 
oxygen ; but there is another branch of the subject which is fall 
of interest, but which has as yet received very little attention. 
The branch alluded to comprises the relations of oxygen to other 
substances in time past, or, to use a word generally applied in 
another way, its pateontology. This application of the phrase 
may be new to many, but the study of the relations of oxygen 
and other elements occurring in nature belongs to the geologist 
quite as much as do the relations of limestones, clays, sand- 
stones, &c. The materials available for such an account are 
somewhat difficult to collect, but one idea that could be deve- 
loped is that the earth's cnist is most oxidated in the outer 
layer, and less so in the inner layer known ; and that meteoric 
stones contain still less oxygen, and meteoric irons almost none. 
Hence it might be conjectured that the innermost layer of the 
solid part of the earth resembles aerolites in its nature, if it be 
not, as some suppose, the source of the aerolites themselves. It 
would be desirable to know what relation the above distribution 
of oxygen has with its chemical affinities for the twelve elements 
most frequently combined with it, viz., silicon, aluminium, 
magnesium, calcium, potassium, iron, carbon, hydrogen, chlorine, 
and nitrogen. The result of such an enquiry would probably 
indicate that, generally speaking, the oxides formed at the 
highest temperature are relatively most abundant in the inner- 
most layer, and those formed at the lower temperature most 
abundant near the surface. Doubtless many apparent anomalies 
would be detected, but most of these would be explained by a 
consideration of the sifting action of water, which subject, how- 
ever, more properly belongs to lithology. The enquiry would 
probably bnng out the conditions and period when the oxides 
were first formed on the globe, indicate their gradual increase so 
as to adapt the earth to be the dwelling-place of organisms, and 
demonstrate what an enormous quantity of oxygen has been 
converted from the gaseous to the solid stable form. 

Before concluding this article we would just allude to. the 
allotro})ic form of oxygen, viz., ozone, the varying proportions of 
which in the atmosphere is an important element in a cb'nmte. 
since it is closely connected with the health of animals, and 
especially of man in crowded districts. In its properties it 
resembles oxygen, except that they are intensified. Thus ozone 
will accomplish at ordmary temperatures what oxygen will do 
only at a much higher temperature ; and dry ozone will do what 
moist oxygen will effect, the other circumstances remaining 
unaltered. The condensed oxygen formed by means of platinum 
black approaches ozone in the intensity of its properties ; and we 
believe that oxygen dissolved in Water is more active, not 
because it is more moist, but because it is more condensed. A 
unit volume of ozone imdcr standard conditions conttdns 24 
grammes; but this increase of density appears to be due to some 
internal molecular attracting force. 
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PALJEONTOLOGY [Organic Remains, R C. voL iv. cols. 
115—121], The archives of palaeontology are contained in 
the great stone book, the special study of which belongs to the 
geologist. The leaves s^ the strata or bands of stony material, 
and the letters are the organic remains which are actually 
embedded therein, or have left their impression thereon. The 
experience of the student teaches him that he never sees a whole 
leaf fairly spread out, but only bits of it here and there 
scattered at distant intervals over the capacious earth. Portions 
of it are overwhelmed in the waters, and beyond the reach of his 
ken ; other portions have been carved by the graving tools of 
nature, and the chips have been carried off to form portions of 
some newer leaf ; and other portions are wrinkled and crumpled 
so as to reverse their original position with reference to tlie earlier 
leaves. Sometimes the leaf has been so damaged or hidden that 
no trace of it has been discovered, and the gap is indicated by 
signs readily recognizable by the stone-book-worm. Occasionally 
several, or even many leaves, have been torn out so as to make a 
very conspicuous gap. Gans of variable extent, both vertically 
and horizontally, are causea in another way, connected with the 
mode of manufacturing the book. The leaves were never formed 
over the whole extent of the book, but only over the spaces 
between the older crumpled, wrinkled, disturbed, and excavate 
leaves, which were below a definite level. If the leaves are in a 
defective and dilapidated condition, so are the letters. In their 
case whole words and sentences are wanting, and even whole 
pa^es ; the letters are battered, squeezed, broken into fragments, 
and chemically altered. The result of all this is that the 
palaeontologist has great difficulty in reading the book, and in 
making out the general tenor of the text ; sometimes he is only 
able to make a blind guess as to what a letter or a word really 
is ; sometimes he mistakes one word for another, and hence mis- 
interprets the text ; and when whole pages are missing it is no 
wonder that he is frequently quite at a loss how to supply the 
omission. This text has been written by the Great Creator, and is 
being continued at the present time. If we could obtain a com- 
plete copy, and could accurately decipher the language as well as 
understand its many technicalities, we should learn what are the 
laws of life, and what have been the conditions under which that 
life has flourished in each succeeding age. This same book is 
impressed with another set of characters belonging to a different 
language, and like the former set have been so mscribed as to 
constitute a continuous text This text is also imperfect, and if 
it were read accurately would inform us as to the history of the 
physical geography of the globe from the earliest period to the 
present time. In order to get a clear understanding of the text 
of life, the text of physical geography should be simultaneously 
consulted. The one is the complement of the other. In reading 
the following; general abstracts of these texts the reader must 
never forget now diJfficiQt is their interpretation, how difficult it is 
to avoid mistakes, and how incomplete is the original record. The 
letters and words are so numerous ; corrections, re-corrections, 
and new readings are being propounded by so many readers ; the 
text is so extenfuve ; and the multitude of emendata are scattered 
over so many scientific journals and publications that it is ex- 
ceedingly difficult for anv one person to ascertain what is the 
present state of our knowledge respecting the text. On carefully 
examining both texts, the first impression conveyed to most min^ 
is that although the lanc^uage used in each case is the same 
from the first nage to the last finished off, yet that, as in the lan- 
guages of men, little changes are constantly occurring in the shapes, 
sizes, and mode of formmg the letters, in the technical meaning 
of the words, and in the kmd of words employed, some becoming 
obsolete, and new ones being constantly introduced. Hence the 
farther back we go in the volume the more strange does the 
languaffe seem to us, and the more difficult is it to interpret, 
even wnen deciphered. In both cases also it is observable that 
while at first the letters and words were few and in general use 
all over the globe, yet as time elapsed their number and variety 
increased, and the globe became more and more parcelled out 
into districts in which distinct dialects prevailed. There was 
change, and this change indicates the action of laws regulating 
a progressive and methodical evolution. So it has been with 
the Lmguages of men ; at first all spoke one tongue ; as time 
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went on changes occurred, and now no one individual is able to 
master the hundreds of languages and dialects which exist. The 
changes seem at first night mere matters of chance, but philolo- 
gists who have traced out the evolution of words are convinced 
that it is all subject to law, and that the Bosjesman, the New 
Zealander, the Australian, the Chippeway Indian, the Mongol, 
and the Englishman, who may now jabber in one another's faces 
without any two of them having the slightest inkling of any 
community of understanding, may have been derived from a 
people whose tongue was universally understood. Such seems 
also to have been the law of progress of life ; but, as will be 
again mentioned, there is a difterence of opinion whether there 
has been a continuous evolution of words out of each other 
along various lines, or whether the types have been made by 
distinct acts of creation, and subsequently arranged in their 
pr^er places so as to form the continuous text. 

There has been change — a proposition which no one will 
dispute; and tliat change has occupied time, a proposition 
which is also unassailable. What the rate of change has been, 
and what the lapse of time, are points upon which no common 
agreement can be come to. As regards the absolute age of the 
globe, or of life, many attempts have been made to estimate it, 
but as the premises started from are unsafe, so the conclusions 
arrived at are untrustworthy ; nevertheless these attempts teach 
some things ; amongst others that the duration of life nas been 
exceedingly great. Some of the methods employed also promise 
to aid us in determining whether we have the earliest portion of 
the paUeontological record, and if not, whether the first page 
belongs to a near or distant anterior age. One wav of arriving 
at the absolute duration of life is to assume that the globe was 
once a heated sphere, and that its temperature has been con- 
tinually cooling at a regular ratio. Life could only begin at a 
certain temperature and under certain conditions. The tempera- 
ture to be assumed is uncertain, but Professor Haughton selecta 
that of 122° F. (50° C), because albumen coagulates at that 
temperature. Helmholtz calculates from some of Bischofs 
experiments on the rate of cooling of basalt that the earth 
would require 350,000,000 years to cool from 2000° 0. to 100° C. 
Then would be the first opportunity for the formation of seas by 
the condensation of steam. At the same rate of cooling, 
1,018,000,000 vears would pass before the temperature was 
reduced to 50*^ C. (122'' F.), or that at which uncoagulated 
albumen could exist, according to Professor Hauchton ; while a 
farther lapse of 1,280,000,000 years would bring the temperature 
down to 77° F. (25° C). Below this limit the temperature of 
climates is influenced by the distribution of land and water, 
currents of air, &c. ; but supposing the above calculation to be 
correct, it may safely be estimated that another 1,000,000,000 of 
years would be required for the temperature to be redncea to its 
present amount The total flgure is 3,648,000,000 of years; 
while the first possible commencement of life is about 
2,300,000,000 of years ago ; and before this aqueous, strata may 
have been accumulating for 1,000,000,000 of years. One of the 
assumed premises upon which these ciedculations are founded is 
that the solar temperature has been constant, but there are good 
reasons, sav some, for conjecturing that the sun itself formerly 
had a nigher temperature than now, and has been gradually 
cooling. If so, the above flgures are under-estimates. Frofessor 
Thomson, however, is £Eir from being so liberal in his allowance 
as to the duration of geological, or rather of solar, time. He 
says that probably the '' sun has not illuminated the earth for 
100,000,000 years, and almost certain that he has not done so 
for 500,000,000 years. As for the future, we may say with equal 
certainty tiiat inhabitants of the earth cannot continue to enjoy 
the light and heat essential to their life for many million yeais 
longer, unless new sources, now unknown to us, are prepared in 
the great storehouse of creation." All our ideas as to the central 
heat of the earth, and of the rate of cooling, are hypotheticaL 
Let us next take as a basis another fact, which certainly appears 
to us a tolerably sound premise. It is that the length of the 
year has remained appreciably the same ever since the time of 
Uipparchus and Ptolemy; and no error of observation can be 
admitted so large as would imply that the day had shortened by 
the jjgth part of a second. A contraction of the earth adequate 

Y Y 



691 



PALAEONTOLOGY. 



PALiEONTOLOGY. 



692 



to produce this shortening would amount to the ^^th part of one 
centigrade degree. If we suppose that the cooling has been on 
the average the ^th part of a de^e in every 2,000 years for the 
last portion of geological time, it would reauire us to go back 
300,000,000 years to reach the period when tne earth's tempera- 
ture was 15° C. higher than now. This, of course, refers to the 
heat derived from the earth itself, and not to the increase of 
heat which places may have acquired by the influence of air and 
water currents, which transfer the heat of equatorial regions to 
loc^ties between them and the poles. Such climatic changes 
mav proceed at a much greater rate than secular terrestrial 
cooling. The utmost we learn from these hypothetical views is 
that me and terrestrial physics have been in operation for a very 
long time ; and the principal lesson to be drawn is to allow as 
little time as possible to aU natural events consistent with pro- 
bability. The tendency of geologists is to assume that the time 
is practically unlimited, and to make no scruple about allowing 
any amount of time that their views ma^^ seem to require. 

Since there is no sure method of gauging geological time, one 
is compelled to chronologise palaDontological events in succes- 
sional periods. The tests of relative age are of three kinds. By 
the first kind we know that one rock is younger than a second 
when the former contains fragments of the latter, and when the 
one overlies the second, without there being any proof of in- 
version. The second kind is based upon the mineralogical com- 
position, and is safely applied for local areas and portions of 
strata, rather than in a general way. The third kind, which is 
second in importance to the superposition of strata, is by means 
of characteristic fossils, a test which often enables us to determine 
the relative ages of rocks when so tumbled about that the super- 
position test is inapplicable. In what beds, then, it may be 
asked, are the earliest organic remains discernible ? At present 
the oldest fossils known were obtained from a limestone of the 
Laurentian system, which is situated nearly 17,000 feet above 
what is supposed to be ihe lowest stratified deposit as well as 
the oldest rock of any kind yet discovered. At about 5000 feet 
above the base of the system, so far as discovered, is a thick 
band of limestone, and as there are some reasons for believing 
such limestone has been formed by organic agency, it would be 
hazardous to assert that any rock seen by the ceologist was 
formed at a period when as yet the stream of life had not com- 
menced. If marine limestones, generally, have had such origin, 
Laurentian life was not scan^, jud^g from the immense 
thickness of the limestones of that ace [Limestones, E. C. S.]. 
And if we adopt the hvpothesis of we cooling glol^, the con- 
densation of water, and the long prevalence of seas too hot to 
sustain life, we would infer that there is or has been a great 
thickness of truly azoic strata below the lowest Laurentian. 
Indeed the Laurentian strata themselves afford evidence that they 
have been derived from older rocks [Laubentian Formaxion, 
K 0. S.]. These oldest fossils belong to the lowest class of 
animalfl, but as the evidence of the nature of the Laurentian 
fauna is very scanty, it would be premature to fasten upon these 
as the first signs of life, however convenient their nature is to the 
hjrpothesis of the progpnession of life from the rhizopods to more 
highly organised groups of beings. It is very possible that even 
moUusca m&j have then been living, since these older Laurentian 
strata contain particles which are sizikingly similar to the 
shelly fragments in Silurian limestones. Iliese earliest relics, it 
will be observed, are animals, and as the relation between ani- 
mals and plants at the present time is such that we cannot con- 
ceive of the existence of the former without the latter, it is 
inferred that plants were formed as soon as, and in all probability 
before, the animals. If plants were the earliest organisms, they 
must have preceded the Eozoon. Passing upwaids through a 
vast pile of Darren strata having an aggregate thickness of some 
30,000 feet, the next oldest remains probably belong to the 
lowest of the Cambrian strata of Europe, viz., the EophyUm 
sandstone of Lugnfis in Sweden. In Hiis sandstone have been 
found the earliest known traces of plants, of the organic nature 
of which there is good presumptive evidence. There are probably 
earlier traces of plants, such as, for instance, the gmphite 
and other deposits of carbon or of carbonaceous matter in the 
oldest strata, even as low down as the older Laurentians, but the 
plant origin of such deposits is open to objection. Associated 
with the EophyUm LinruBana and Ecmhyton TorelH, which seem 
to be vascular cryptogams, or possibly phanerogams, have been 
found Rusophycu8 dispar, a nondescript organism ; ArmieoUtes 
apircUu, the name given to a kind of worm Durrow ; and a few 
species of brachiopods, one of which has been provisionally 
named Lingula (?) monUi/era. In strata of a somewhat later 



date, viz., the lower Cambrians of Great Britain, have been 
found several doubtful forms, supposed to be seaweeds, a few- 
annelids, and a trilobite crustacean. In all these very early 
deposits the fossils are so few, and so widely separated vertically 
and horizontaUv by barren strata, that no inference can be relied 
on that is based on negative evidence, unless supported by sound 
collateral testimony. Thus, one of Bronn's laws, which are 
quoted farther on, is that plants and animals appeared simul- 
taneously ; and in proof of the truth of his statement he cites the 
co-existence of plants and animals in the oldest group of beings 
known to him in 1856, and which belong to what we shall pre- 
sently mention as the upper Cambrian fauna and flora, but 
whicn is termed by him the primordial fauna and flora, or those 
which were first created. The species which we have already 
mentioned are not only pre-primordial, but some are of im- 
mensely greater age. The oldest part of the record is so mani- 
festly incomplete that it would be nazardous to lay it down as a 
law that ammals were created before plants, bei[^ause Eozoon is 
Laurentian and EophyUm is Cambrian; it would be equally 
hazardous to state m an authoritative way that the first plants 
were created simultaneously with animals, even if a plant were 
to be discovered associated with Eozoon^ for what proof is there 
that these were the earliest organisms, or even the highest in 
their day ? As we have already stated, there are indications^ 
which may prove to be false ones, that there were Laurentian 
molluscs, and if so there is high probability of a long antecedent 
stream of life. Again, Bronn lays down the law of the pro- 

g'essive development of plants as involving the succession to be 
om the CeUulares to the vascular cryptogams, and so on to more 
specialised groups ; and in support thereof cites the fact that, 
when he wrote, the earliest Known plants, viz., all those of 
Silurian and early Devonian age, could be assigned to no higher 
group than Cellula/res, Now, however, we know of a much older 
vascular cryptogam ; and this points to the probability that the 
true primordial flora dates fi:om a period earner still. We must 
wait a long while before we can determine by actual evidence 
what the actual order of succession of the earliest organisms waa ; 
and we must attach more importance than is usual to the 
value which ought to be given to the evidence, whether positive 
or negative. The simple circumstance that we are not aware of 
the existence of the remains of plants or of fishes in the Lauren- 
tian strata is in itself of no value ; we must be in a position to 
give valid reasons why they have not been found, and why their 
existence is improbable ; when these reasons are forthcoming, the 
negative evidence becomes valuable ; indeed, in many cases this 
kind of negative evidence is equal in importance to the positive. 
On ascending in the geological column of strata, we come 
next to the upper Cambrians, which embrace the LingtUa flags 
of Great Britain, and the beds of which contcun Barrande's 
primordial fauna. The fossils become more plentiful and 
varied. As yet, nothing but a few f ucoids have oeen found to 
represent the plants, but it is difiicult to admit that fucoids can 
have been the only plants of the period. In Great Britain not 
a single specimen had been discovered imtil a few months ago, 
when a specimen of a vascular plant was found in the lower 
Arenig beds (which we should place at the summit of the 
Cambrian group). This plant has been named EophyUm (?) 
expUmcUum, 

The general character of the fauna of the upper Cambrian 
strata of Great Britain, may be gathered from the list ^ven 
under Cambrian Group, E. C. S., cols. 192, 193. From it we 
gather that all the four invertebrate sub-kingdoms were repre- 
sented, a fact of great importance in many respects. Ii, as 
seems very probable, the stream of life commenced in unity, 
and flowed on in an ascensive order to heterogeneity, the 
co-existence of the four invertebrate sub-kingdoms at the time, 
would of itself imply, that the source is traceable much farther 
back in time. The same thing is indicated by the circumstance 
that the predominant groups belong not to the lowest sub- 
kingdoms, but to the nighest ; thus, the tnlobites amongst 
GruaUjLcea, and the brachiopods amongst MoUusca^ far out num- 
ber all other classes. In Great Britain, nearly three-fourths of the 
species are trilobites ; nearly one-fifth are brachiopods ; and the 
remainder belong to other classes. The number of species 
is not a true gauge of l^e importance of a class ; a better 
test is the number of individuals ; and a still better one, the 
mass which the individuals would form if aggregated together. 
From this last point of view, the brachiopods would appear to 
have the best claim to be regarded as the predominant group. 
Bronn has some tables and remarks on the geographical distribu- 
tion of the oldest faunas, which refers as mudi to the Silurian 
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as to the Cambrian age. He dwells more particularly on the 
uniformity of the faimas wherever the Siloiian strata have been 
explored. There are, no doubt, specific differences between one 
district and another, but for the most part, the same genei'as and 
families occur everywhere ; some of the species range over such 
Tast areas that he asks what genera or 6])ecies at the present dav 
have such ranges. Although, perhaps, inclined to comcide with 
Bronn's view in its general aspects, we suspect that he has over- 
rated the degree of community of genera in the Silurian era, and 
underrated the degree to wnich modem genera range at the 
present day. We do not know enough of Silurian and Cam- 
brian life to appreciate the minutise of geo^phical distribution, 
since the commonest forms would stand tne best chance of pre- 
servation, and these would belong to the most abundant groups. 
At the present time there is a better chance of capturing the locally 
restricted genera. Then, as regards modem animals, the ten- 
dency of research is to show that there is a remarkable uniformity 
and extent of range amongst the deep sea faunas. Another 
circumstance which would tend to mask the prevalence of local 
faunas is, that in comparing the Silurian creatures of one part of 
the world with those of another, we are conmaring groups which 
extended over very lone periods, and not the faunas as they existed 
during a limited period. If we were to compare the tertiary faunas 
of various localities, we should find something similar to what 
Bronn notices in the Silurian period. Perhaps, when we have to 
treat of the fauna of the Silurian period in an article devoted there- 
to, we may have occasion to recur to these points more in detail. 

Our space will not permit of our examining all the subsequent 
faunas, details respecting which will be found under the names 
of the principal geological periods, such as Carboniferous Sys- 
tem, JS. C. S. ; Devonian Group, K C. S., &c. We will, 
therefore, give outlines of the general principles enunciated by 
Dana, and then of the laws propounded by Broim. Dana says, 
the great law of the earth's development is " unity, evolving 
multiplicity of parts through successive individualizations, pro- 
ceeding from tne more fundamental onward.'' This applies 
both to the oiganic and inorganic world. As regards life, tnere 
has (1) clearly been progress, as manifested by the prevalence of 
the least specialized forms only in the earlier strata, and the pre- 
ponderance of the higher groups generaUy in proportion as the 
age of the period approaches the present. (2.) This progress has 
not consisted of a lineal succession from a monad to a man ; but 
by several diverging lines of progress. The type, he says, is not 
usually instituted by the introduction of its lowest species. (3.) 
The culmination of the various groups of species, or their time of 
greatest expansion, is not confined to any one period in geolo- 
gical history ; but each ^up has its own special time, some 
passing it in the palaeozoic, others in the mesozoic or cainozoic, 
and others not having reached it before the age of man. By 
culmination is meant the period when the highest group of the 
type acquired its maximum. The acrogens, he says, culminated 
in the palaeozoic period ; MoUusca and Reptilia in the later 
mesozoic ; fishes in the tertiary period, while mammals, birds, 
insects, and cmstaceans, are in culmination at the present time. 
If, however, man be excluded from the mammals, that group 
culminated in the post-tertiaiy epoch. (4. J The earliest forms of 
a group have a comprehensive character, tnat is, they combine in 
the same species organic characters, which are dubsequently dis- 
tributed amount several species or genera, or even la^er groups. 
Thus the earhest known birds combine certain reptili^m cha- 
racters along with the ornithic type, while the earliest reptiles 
partook more or less of the character now restricted to biras in 
the living fauna. (5.) The earliest types sometimes retained in 
maturity the character now foimd m the embryos of living 
faunas. (6.) The earliest species of a group usually belong to 
near the jimction of its upper and lower divisiona (7.) The 
comprehensive t^rpes Tisually die out. (8.) Successive faunas and 
floras have a unity of character, as is exemplified by the pre- 
valence of sessile or sedentary forms in the primormal fauna ; 
and other examples are given. (9.) Progress always consists in 
the diversification of a type, involving the introduction of 
inferior as well as superior species. (10.) While oiganisms were 
undergoing specialization, a corresponding progress was occur- 
ring in the physical world. At first all was leatureless or, as the 
Bible has it, without form and void, life not having as yet com- 
menced. Then oceans and lands appeared, leading to the develop- 
ment of mountains and rivers. The climate was at first uniform 
and tropical ; then zones appeared, and fin^y, all the variety of 
topographical and. general climate such as is now reigning. 

There is considerable similaritv between Dana's general prin- 
ciples and Bronn's laws^ whicn latter were the first to be 



Eublished. ^ Bronn recognizes two main fuiidauiental laws ; the 
rst is an inherent law of development, which determines the 
succession of all groups above sub-orders, wliile the second is 
external to the organisms, and by virtue of it, they are subject 
to be influenced by the surrounding condition of the physical 
world. The appearance and development of sub-orders, and all 
smaller groups, are mainly regulated by the operation of the 
second law. Tne two kingdoms of life appeared simultaneously, 
and almost immediately after the commencement of aqueous 
sedimentary deposits, or during the primordial j)eriOd, which 
corresponds to what we have designated upper Cambrian. At 
first, there were no regions of geographical aistribution, the first 
distinct traces of which are not to be found before the tertiary 
period had far advanced. These earliest faunas were adapted to 
a climate which was tropical in its nature, and marked by few 
differences due to latitude or to season ; diversification of 
climate only commenced when the central heat of the globe 
had ceased to have a direct effect on the temperature of the 
water and air which enveloped the globe. The changes of the 
faunas and floras were effected by the extinction of old 
species, and the introduction of new ones to supply their place. 
The changes were so effected that the faunas and floras were 
modified gradually, and not by the simultaneous replacement 
of manv species by others. The transformation did not consist 
in mooifying the old species so as to adapt them for the new 
conditions oi life. The earliest organisms were the most widely 
divercent or distinct from those existing now; most of the 
sub-classes and orders, and nearly all the genera, were different. 
The number of species identical with living ones gradually 
increases relatively to that of extinct forms as we proceed from 
the oldest times onward. There have been differences due to 

Eaphical details in all floras and faunas ; these details have 
tally become more differentiated, and the species have also 
ue more differentiated to adapt them for the new kinds of 
localities. The great forests of the coal period formed one 
of the most prevalent habitats of palaeozoic times ; they were 
adapted to reduce the excessive amount of carbonic acid then 
abounding in the air, and probably cave rise to the accumida- 
tion of carbonaceous matter at a rate far exceeding that effected 
in the more recent peat bogs. The alteration thus effected in 
the physical world probably led to a great modification in the 
flora. A large proportion of the terrestrial floras and faunas, 
including nearly all the air-breathing insects, the birds, mam- 
mals, many reptiles, and all those species which depend imme- 
diately or mediately upon the more highly speciabzed plants, 
could only have appeared after the exogenous species. Since 
the development oi physical geography has been from ocean to 
islands, continents, nvers, and mountains, the earliest form must 
have been pelagic, then littoral, then fluviatile, and lastly, 
strictly terrestrial ; and as a general rule, the degree of specializar 
tion of each such group is m accordance with this succession, 
the pelagic being the lowest, or least specialized, and the terres- 
trial the highest The first terrestrial plants are of Devonian 
age ; the first amphibious animals belong to the same period ; 
the first terrestrial animals are carbomferous ; from which 
period the terrestrial species gradually acquire more and more 
importance relatively to the marine. 

The law of progressive development, or that which is inherent 
in the organism, is that which brings about the uniform charac- 
ter of each contemporaneous population, and the general balance 
between the various classes, and orders, and kingdoms. It is 
that hj which the same plan or type is preserved amidst the 
variation and modification which is constantly in operation. It is 
not supposed that in follo^ving this law the lowest species were all 
formed before any of higher rank yrevQ introduced ; or, in other 
words, that the Protozoa were created in their full development, 
then the CalentercUa, and so on, with the other sub-kingdoms. 
This is disproved by the occurrence of all the four invertebrate 
sub-kingdoms in the primordi^ fauna. But it is supposed that 
the first individuals ot each type were the most imperiect, and 
were the starting points of ascending series^ which gradually 
attained their highest degree of perfection. This mode of progrea- 
sive development is more clearly illustrated by plants, which com^ 
menced with the simultaneous existence of three sub-kingdoms, 
to which other sub-kingdoms succeeded in regular orcter ac- 
cording to their systematic rank. The two highest 8ul>-king- 
doms, which comprise all the highest dicotyledonoua flowering 
plants, first appeai; in the tertiary period, and in succession. 
The late appearance of these groups, which predominate in all 
existing floras, would explain the late t^pearance of the great 
majority of terrestrial auimalH, This statement would require 
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modification now, since flowering plants were existing in the cre- 
taceous period, and hymenopterous insects allied to bees flitted 
about in the oolitic atmosphere. Progressive development does 
not consist merely in the association of the more perfect types 
with the less perfect pre-existing ones, but also in the partial or 
total extinction of the types which have passed their period of 
maximum, and in the expansion of the later and more perfect 
type. 

These laws, Bronn observes, undoubtedly exist, but they 
are by no means to be regarded as being of so inflexible a nature 
as the law of gravitation and other physical laws which allow 
of no variation. Although there has been in the main a uni- 
formly ascending series, there are two well recognizable cul- 
minating points, one of which occurred at the close of the 
palaeozoic epoch, and the other at the commencement of the 
tertiary period. The first is marked by the cessation of the 
great marshy coal forests and the extinction of a great number 
of pala?ozoic types ; and the last by the extinction of ammonites 
and belemnites, the development of dicotyledons, the more rapid 
augmentation in the number of genera and species, and the first 
traces of diverse climates, which events were, however, ^- 
dually and successively evolved. As before stated, the establish- 
ment and extinction of species has been continuous, and accom- 
plished in a uniform way, although at times the rate of 
modification was influenced to a slight degree by various geologi- 
cal events. The duration of species has varied much amongst 
themselves, some having lasted five times longer than others, 
while a few have prolonged their existence through one or even 
two geological epochs. If similar kinds of deposits last longer 
in one place than another it may be expected that the organisms 
will last in some localities longer than others. If such de- 
posits are interrupted and renewed on the same site, the same 
group of beings may recur. But it fre(^uently happens the 
same species continue with little alteration in their relative 
abundance through a succession of heterogeneous deposits. The 
instances are very rare in which two beds forming the contigu- 
ous strata in the geological column, as far as known, have not 
some species in common; in a few cases the palseontological 
gap is complete as regards species. The duration of the same 
fauna or flora was, generally, considerable ; but usually the 
succession of beds containing the evidence of its history are so 
few that the successive events, which were really separated by 
long intervals, appear to have followed one another rapidly, or 
even simultaneously. The x)resent condition of the organic 
world indicates the continuance of the actions which were in 
operation in the immediately preceding period, those families 
continuing to diminish which had commenced their decline in 
the later portion of the tertiary epoch, and those groups spread- 
ing and expanding which were then on the increase. In the 
latest tertiary deposits the faunas and floras have the same general 
distribution as now prevails. As to the question whether man, 
who is said to be the last species created, was associated with 
any of the extinct species whose disappearance did not occur 
within the historic period, Bronn decides that it is doubtful. True 
it is that his bones are associated with those Of extinct mammals, 
but the deposits which contain them have been accumulatea 
by water from the denudation of older beds, so that the con- 
temporaneity of the human with the other bones is open to 
question. 

Such is a very rapid sketch of the laws propounded by 
Bronn, which, we may add, are abundantly illustrated by facts, 
in his elaborate and bulky Memoir cited at the foot of this 
article. We have noticed it because it is the most complete and 
exhaustive work of its kind, but we suspect that most of the 
conclusions are erroneous. At present, it seems that only a few 
of the broader principles are sound, such as the evolution of 
multiplicity out of umformity ; the general progress from gene- 
ralized to specialized structures by a complex system of ramifica- 
tion, and by the simultaneous development of many branches. 
It would require far more labour and time than we have at our 
disposal to bring together the multitude of facts which would be 
required to demonstrate in what Bronn has gone astray, and what 
the true laws or general principles for the regulation of the pro- 
gress of life have been ; out we conceive that the idea suggest©! 
by him that the modifications in the forms of life are correlated 
with, or rather have depended upon, the modifications in the con- 
ditions subject to whicn that life has been carried on, is a very 
fruitful one. One important element in the discussion would be 
the influence of these conditions in modifying form and structure ; 
and this is intimately connected with the mode in which species 
have originated. According to Bronn, the evolution of a type has 



been efl*ected by the formation of a succession of species without 
any genetic relationship ; but it is quite as harmonious with 
observed facts to suppose that the evolution has been by a 
succession of species vmich are genetically related ; or it may be 
that both modes of operation have been employed. To our 
minds, there are fewer difficulties on the assumption of the 
second mode ; but all the modes are equally in accordance with 
the conviction that species are created according to law, not by 
chance. Surely there is nothing in the account m Genesis incon- 
sistent with the idea of the evolution of organisms by genetic 
relationship, and certainly the proposition does not deserve to 
be sneered at as irreligious. We are fully impressed with the 
general undesirability of referring to sacred subjects in the 
discussion of scientific matters, but this is merely because it 
rouses an acrimonious and intolerant feeling which ou^ht never 
to exist between two sets of men whose main object m life is 
the elucidation and dissemination of truth. We believe the true 
Christian and the true scientific man can never descend to mere 
wrangling, but that any ill-feeling that may arise is due to want 
of tolerance, to misunuerstanding, and the influence of motives 
other than the highest In referring to the Bible in this place 
the reader may oe assured that we do so with the utmost 
reverence ; but at the same time we must avow that we cannot 
place implicit faith in the absolute truth of anything which has 
proceeded from the hand of man. With this proviso, we wil- 
lingly express a conviction that the accoimt of the cosmogony in 
the first chapter of Grenesis is the nearest approach we know of 
to an accurate general account of the past history of the globe 
based solely upon scientific considerations. The true meaning 
of the chapter appears, however, to be difficult to catchy owing 
partly to the obscurity of the language as conveyed in a transla- 
tion, and partly to our own ignorance. As we understand it, 
it appears that the whole account refers more especially to the 
eartn (or rather its surface) and its inhabitants; so that it 
does not carry back the history of the universe prior to the forma- 
tion of the earth. At first the globe was a chaotic mass enve- 
loped in an universal ocean of water and gas so dense as to wholly 
exclude the light of the universe. When it was said, " Let 
there be light," the gaseous envelope became transparent ; and 
by further changes this envelope was converted into the firma- 
ment, which we cannot express the meaning of more approxi- 
mately than by calling it the lower region of the atmosphere. 
The next changes brought about the collection of water into basins, 
and the appearance of dry land, which may be attributed to the 
condensation of the vapour in the atmospnere into seas, and the 
contraction of the earth forming elevations and depressions 
under the influence of decreasing temperature. The introduc- 
tion of plant life followed, when as yet the intensity of the 
light was very feeble. It was not till after the introduction of 
plants that the full light of the sun, moon, and stars shone 
upon the earth. The passage relating to the fourth day's work 
has its difficulties, since it almost seems to imply that the sun, 
moon, and stars were then created. The correct interpretation we 
conceive is that the atmosphere was then first modified so as to 
render it transparent to the solar, lunar, and stellar rays. When 
the light came forth in all its splendour the fiat was issued for 
the appearance of animals, tne marine and aquatic species 
leading the way, to be followed by the terrestrial species ; and 
lastly, man crowned the whole. And now we come to a matter 
upon which we would speak less confidently. The chapter 
appears to consist of two parts, viz., the fiats of God, and the 
remarks of the inspired wnter. If we confine our attention to 
the former, it is noticeable that the chronicle asserts that each 
important change was preceded by a distinct enunciation of 
Divine Will, as implied by the phrase " Let there be." This 
we take it means that each'of the set of creations was brought 
about by the establishment of laws, or by the special application 
of laws previously in operation ; and that the successive acts of 
creation were the successive establishment of sets of laws by 
virtue of which the things became what they are. The work of 
each period, and the succession of the periods, then, refer to the 
establishment of the laws, rather than to the acts of creation 
as such. The latter commenced in the periods assigned to them, 
but they continued through the succee<ung periods, so that after 
the last period, when man appeared, no new terrestrial laws were 
framed, but all the acts of creation continued simultaneously in 
operation, and still continue at the present hour. 

Having thus paraphrased the earliest of palasontological 
writings, we return to the subject which suggested what some 
may deem to be a digression, viz., the way in which species 
have been originated. Such a subject will be more appro- 
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priately discussed in a subsequent article devoted to species. 
If the evolutionary hyjwtbesis be correct, it may be said that 
the species arc modified at a rate corresponaing with the 
intensity of the modifying influence. The rate of change as 
evidenced by fossils varies considerably, according to the genus 
or family, or other kind of group. In many cases, it is remark- 
able how slow is the rate when compared with the duration of 
man. Thus, some species have contmued with no appreciable 
difference from as far back as the beginning of the tertiaries, or 
even the end of the cretaceous peri(S, whue many genera have 
lasted from the palroozoic period to the present day. On the other 
hand, nearly alli^ genera have changed since the last mentioned 
period several times over ; that is, supposing such genera to have 
been successively evolved out of one another, their united dura- 
tions would not exceed the time from the Silurian epoch to the 
present. As an indication of how the several groups of beings 
nave differed in the rate of their modification during past time, 
we give a table, condensed from one of Bronn's, m which is 
shown what proportions of the genera of each period are now 
extinct The figures are based upon the data known in 1855 ; 
but, although more recent researches might modify some of the 
details, the general result would not be materially altered. 

TABLE SHOWING THE PER CENTAGE OF GENERA EXISTING 
DURING EACH PERIOD WHICH HAVE BECOME EXTINCT. 





i 


• 

1 


• 

e 


• 


• 


• 

• 

1 


1 




a 

E 




Pk 


27 


z 

8 
47 


o 
16 


5 

14 


Pm 


& 


« 


1 


Cainozoio . . 


58 


53 


33 


13 


60 


CretaceouB 


93 


34 


73 


33 


32 


81 


80 


— . 


— 


Jurassic . . 


100 


22 


80 


36 


43 


97 


88 


— 


100 


Triassio . 


100 


37 


79 


36 


46 


100 


96 


100 


100 


Palaeozoic . . 


100 


65 


98 


61 


96 


100 


100 


"-" 


~~" 



From this table it appears that while in some groups all the 
palaeozoic genera have died out, yet that in some others, such as 
the Protozoa and Mollusca, a large proportion of the genera have 
endured till now ; while of the tnassic genera belonging to the 
same sub-kingdoms the majority are still in existence. These 
figures imply that when a genus is once established, it usually 
persists for an immense length of time, and that probably their 
averace duration in some classes would not be over-estimated at 
several millions of years. If tJie doctrine of the evolution of 
species by genetic relationship implied that the new forms took 
the place of the old genera from which they were derived, it 
would be almost impossible to admit that the doctrine is true, 
because the rate of change has been so slow as to demand fai 
more time than could reasonably be allowed. The next table 
also has its figures based upon old material, but even if corrected 
up to the present state ot knowledge it would not, we believe, 



modify the general conclusion we shall draw from it It re- 
presents the development of the families, genera, and species 
of Molluscaf and is borrowed from Woodward's ' Manual of 
Mollusca.' 



Palieozoic : 
Cambrian 
Silurian . 
Ueronian 
Carboniferous . 
Permian 

Secondary : 
Trias 

I^wer Jurassic 
Upper Jurassic . 
Lower Cretaceoiu 
Upper Cretaceous 

Tertiary : 
Eocene . 
Miocene . 
Pliocene 
Becent 

Bccent and Extinct 



Families. 



32 



57 



78 



Qenora. 

49 
53 
77 
79 
66 

81 
107 
108 
123 
118 

172 
178 
192 
400 

520 



Species. 

362 

317 

1035 

835 

74 



713 
1502 
1266 

784 
2147 

2636 

2242 

437 

16,000 

30,000 



The most remarkable facts brought out by this table are the 
constantly augmenting number of the families and genera, and 
the small proportion which have died out. Thus, out of 85 
families, which are all that are known, only 7 families, that is, 8 
per cent have died out ; of the genera, 120 have died out, form- 
ing less than 25 per cent, of the total number. The number of 
species fluctuate too much to warrant any general observation, 
and the fluctuation is in great measure due to the numbers 
representing fragments only of the total aggregate faunas of each 
period. The gradation in the figures is such as would harmo- 
nize with the view that the greater variety of the fauna of each 
period over that of the preceding period has been effected by the 
evolution of the new types from tne old ones, and the continued 
modification of the great majority of both the primary and 
secondary tvpes. Hence the expansion of a class or large group 
is regulated partly by the rate of change, and partly by the 
number of lines of evolutionary modification. In this case, the 
rate of change would be quite fast enough to harmonize with 
probable estimates of the length of geological time. 

In the article Orqanic Remains, E. C., a series of numerical 
tables are given, indicating the proportion between the fossil and 
recent species. We have purposely avoided giving many figures 
in the preceding part of this article, because it is difficult to 
obtain numerical estimates in accordance with the present state 
of our knowledge, and because such figures are constantly under- 
going alteration, both as regards the absolute numbers and the 
relative proportion of the recent and fossil species. The most 
complete general tables are those of Bronn's, which, however, 
only include the materials known up to various periods firom 
1850 to 1866. We would warn the reader not to p&ce too bigb 
a value on such tables, but as it may be desirable to supplement 
those already given in the E. C. by. others of a less antiquated 
character, we apixjnd the following : — 



NDMBJBR OF FOSSILS AND LIVING SPECIEa KNOWN IN 1856. 





Total foMils. 


Paleozoic. 


Triassic. 


Oolitic. 


Cretaceous. 


Tertiary 


Living. 


'Crjrptogamia: 

Cellularcs . . .... 


442 


40 


4 


61 


51 


286 


10,187 


Yasculares 


1221 


872 


80 


122 


65 


82 


2346 


Phancrogamia : 
















MonocotyledoncsB .... 


301 


20 


8 


22 


19 


232 


13)952 


Dicotyledonese : 

CTymnospermsB • . . . 
















533 


77 


21 


144 


68 


223 


856 


Angioeperm® : 
















Monoohlamydea) . 


593 


— 


— . 


— 


30 


563 


4866 


DichlamydecD : 
















PolypetaloD . . . 


506 


— 


— 


— 


4 


592 


32,697 


GamopotalsB . 


165 


— 


— 


— " 


— 


165 


28,258 


Total . . . 


3851 


1009 


113 


349 


237 


2143 


92,662 



The proportion which the fossil species bear to the living is 
as 1 to 24, which is very much higtier than appeared from the 
data known to Brongniart, about 28 years previously ; and 



doubtless the proportion is much higher according to present 
materials, since the rate of discovery of new fossil species is 
greater in proportion to the whole number than of new recent 
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Bpociea. But it is incredible that the nnmber of species in 
existence can be 24 times greater than the whole number that 
have existed in all past geological time. Various considerations 
render it highly probable that if the fossil species could be as 
easily and completely collected as the living floras, the total 
number of the former would exceed the latter. There is scarcely 
a doubt that the palseontological record is exceedingly im- 
perfect, more so than is usually admitted, so imperfect that we 
nave not found one-twentieth of what once existed. Bronn 
estimates the number of living species of plants known in 1855 
at 100,000, and of animals, at 120,000. Both are certainly very 
much below the proper figure at the present time. As regards 
plants, we are not in a position to form a good estimate, but we 
think the number must be over 150,000. As regards animals, 
the total does not fall short of 500,000. These figures, although 



large, are considered by good authorities to be short of the 
actual number of species actually existing. De CandoUe esti- 
mates the probable number of plants at 200,000 for thePAaiw- 
rogamiaf and a somewhat smaller figure for the OryptoganUa. 
So that, even as regards living beings, which are far more acces- 
sible than the extinct species, the hst is anything but complete. 
This is manifest, when it is considered what a stream oi new 
species and genera fall into the ocean of scientific literature 
every year ; the number of new living species of animals described 
annually averages over 5000. 

In the table which follows, a condensed summary is given of 
Bronn's tables, mainly from ids later general work on Zoolo^, 
so as to show the number of species knovm in each of the pnn- 
cipal periods, and still living. 





Fossil. 


Palanozoic. 


Trinssic. 


Jurassic. 


Cretaceous. 


Tertiary. 


Living. 


Protozoa 


2533 


43 


A 

49 


119 


585 


1737 


1770 


Coelenterata : 
















Actinozoa 


1408 


384 


23 


304 


418 


278 


1033 


Hydrozoa 


—. 


— 


— 


— 


— 


— 


476 


Annulosa : 
















Echinodennata 


2262 


503 


35 


652 


615 


457 


772 


AnDelida ....•'• 


343 


42 


11 


72 


103 


115 


770 


Crustacea 


1097 


544 


15 


184 


82 


272 


905 


Myriapoda 


^^■a 


— 


— 


— 


— 


— 


— 


Arachnida 


140 


2 


— 


3 


— 


135 


800 


Insecta 


1827 


8 


— 


134 


— 


1685 


65,000 


Hollusca : 
















Polyzoa 


1691 


73 


>— 


116 


1100 


402 


671 


Timicata 


-_ 


— 


— 


— 


— 


— 


264 


Brachiopoda 

LameUibranchiata .... 


1937 
7250 


1303 
918 


59 


293 


144 


59 
2958 


84 
4398 


r 


3370 


> 


Pteropoda 


136 


117 


— 


— 


i-— 


19 


84 


Gasteropoda 


7383 


737 


393 


497 


446 


5310 


8800 


Cephalopoda 


1731 


772 


106 


547 


509 


37 


127 


Vertebrata : 
















Pisces 


1828 


449 


90 


400 


285 


606 


8000 


Beptilia ...... 


523 


39 


66 


140 


43 


235 


1055 


Aves 


206 


4 


30 


1 


1 


170 


7000 


Mammalia 


900 


— 


1 


4 


2 


893 


2050 


Total . 


33,195 


5938 


— 


— 


— 


14,768 


1 102,114 



The proportion between the fossil and living species is as 1 
to 3 ; a result similar to what was obtained in the case of plants, 
inasmuch as the proportion has been increased, and is being 
gradufidly raised, by continued research. It would be easy to 
point out many defects in the table, but there are very few who 
could construct one up to the present state of knowledge. Thus, 
as illustrations, we may notice that Bronn recognizes 180 genera 
amongst living annelids, and 770 species ; but at the present 
time the genera are over 300, while the species may be estmiated 
at a much higher figure than he gives. The Myriapoda, of which 
no fossil species were known to Bronn, are now represented by at 
least half-a-dozen carboniferous species. Bronn recognizes out 
eight paleozoic insects. In the articles Carboniferous Ststem 
and Devonian Group in E. C. S., about two dozen species are 
indicated, which have been discovered since 1855. Great additions 
have been made to our list of carboniferous reptiles, which would 
materially modify Bronn's figures. His number of living species 
must have been under-estimated even in 1855. At the present time 
the Paris Museum alone has more than 1550 species, and that is 
by no means complete, as indicated by comparmg the numbers 
of the smaller groups with other lists and estimates. Thus, the 
Paris Museum has 619 species of snakes, while the British 
Museum had 827 a few years ago. Again, the Paris Museum 
had 187 species of tailless batrachians, \niile the number hitherto 
described is over 260. Judging from details of this kind we do 
not think that the total number of living reptilian species can be 
under 3000. As regards the birds, the mention of four palaeozoic 
species is clearly an oversight ; the figure is mentioned in the 
table we have consulted, but in other portions of the memoir it 
is indicated that there are ho birds of this age. The triassic 
species are based upon footmarks, and it is probable that most, 
if not all, are really reptilian [Birds, E. C. S.]. The number of 
Jurassic mammals is at least two dozen. However, as we have 
abeadv said, it is easy to notice a few defects, but far more 
difficult to remedy alL 

In the table on the distribution of the vertebrates in col. 118 



of the article Organic Remains, there are m&ny modifications 
required, which may be indicated without drawing up a new 
table. These changes consist mainly in carrying me existence 
of several classes to an earlier perioa. Thus, the Aealephof are 
known to be as old as the oontic period, an interesting fact, 
since it points to the possibility of finding the remains of the 
soft-bodied animals even in the oldest strata. The AnneHda and 
Foraminifera date from the oldest deposits ; the Myriapoda are 
known to be as old as the carboniferous period ; and the Ptero- 
poda have been discovered in palaeozoic beds. As to the table 
relating to vertebrates in col. 119, little change is required ; tiie 
occurrence of reptiles in carboniferous beds is beyond a doubt ; 
and what maybe the indications of birds have been discovered in 
the triassic strata. Another feature which seems to be implied 
in the tables just referred to, is that below all the fossiliferous 
strata there are others which are azoic In the present state of 
science it would be preferable to discard the idea of azoic rocks, 
that is, strata which were deposited before life began ; since it is 
certain that no one has demonstrated that any such group of 
strata have been discovered ; and since we ougnt not to over- 
rate the importance of what has been done as compared with 
what is yet to do. The general impression which a survey of 
pakeontolo^cal science leaves upon the mind is that it is in its 
infEincy, and that when fuUy developed it will be far vaster in 
its scope than modem zoology, inasmuch as the life of the living 
fauna is of veiy short span as compared with the immense period 
over which the many generations of past species have extendi 
It is a difficult matter to demonstrate what proportion of the 
palaeontological record is wanting, but there are various ways in 
which a rough guess may be arrived at. D'Orbigny arranged 
all the strata known to him into thirty formations, corresponding 
to so many geological periods. The first period was the Trema- 
docian, corresponding to what is usually termed the Cambrian, 
and the last the Icenian, corresponding to what is more com- 
monly known as pliocene. Takmg the MoUusca as a standard, 
the rate of change is such that on an average a species lasts 
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throusH one-third of a formation ; and a genus endures through 
four lormations or periods. The strata Iniown to D'Orbigny do 
not comprise the wnole geological column. First of all, there 
are gaps ; and D'Orbigny estimated that on an average the sea 

CV£uled in a locality Tor two-thirds of each period, and the 
d one-third. Then there is the small addition corresponding 
to the time which has elapsed since the pliocene ; and tne large 
addition answering to the pre-Cambrian strata. Under Lime- 
stone, E. C. S., we have pointed out the probability that 
calcareous accumulation has been not only constant, but 
continuous, so that were a complete survey of geological strata 
practicable, the whole range might be represented by the lime- 
stones which had succeeded one another. Such a column we 
estimated at 50,000 feet, of which 27,000 corresponds to D'Or- 
bignv's thirty periods, and the whole thickness would answer 
to mty-flve such periods. As the calculation does not pretend 
to be accurate, we may consider 1000 feet of limestone to be 
equivalent to a formation or a period ; that on the average a 
species lasts while 3.^^) feet of limestone are accumulating, and a 
genus while 1300 feet are forming. In such case the number of 
species that would have succeeded one another from the earliest 
Lauren tian to the present time is 150, and of genera about 
40. We do not know what the rate of increase of genera or 
species is, but in the case of the former groups in MoUusca it is 
faiown that there is a constant augmentation in the number of 
known forms, such that while fifty genera Were co-existing in 
the Cambrian period the number in the pliocene period was 
nearly 200 ; this length of time corresponds to a succession of 
about twenty genera. If the development of genera is effected, 
by genetic evolution with diversincation the rate of change 
indicated is 14 per cent, for every 1300 feet of limestone, or the 
period equivalent thereto ; or in round numbers 10 per cent, per 
genus for every period answering to the deposition of 1000 feet 
of limestone. As species succeed one another four times 
more rapidly than genera, we may guess their rate of change to 
be 40 per cent, per species per period. Assuming that the rate 
of change in MoUusca represents the rate at which animals gene- 
rally have changed during the period which has elapsed from the 
time of the Laurentian strata to the present day, it would be amply 
sufficient to allow for all the variation which is now manifest 
Thus, in order to illustrate our idea, we will work out an 
imaginary calculation, and assume that a divergence amounting 
to six times that which constitutes a species forms a genus ; we 
assume also that a species belonging to each of the four inverte- 
brate sub-kingdoms existed in the Laurentian period ; that 
fishes commenced in the Silurian, reptiles in the carboniferous, 
birds in the triassic, and mammals in the oolitic periods. 
Starting then with four species, the change would cause the 
number at the end of the first period to be five, and an amount 
of divergence nearly equal to a sixth ; at the end of the second 
period the niunber would be nearly eight ; and so on. At the 
end of the Laurentian period there would be 113 species ; at the 
end of the Huronian, 1229 species ; 46,000 at the end of the 
Cambrian ; and over a million at the end of the silurian. If 
we were to carry the calculation up to the present time, the 
total would T)e some millions of species. Although these calcu- 
lations are based so largely upon assumed premises, we believe they 
are worth consideration, since they show now slow a rate of change 
will sujfice to produce the present amount of variety and diver- 
gence ; a rate such that from 700 to 800 feet of strata might be 
deposited before a species would develope a second. As yul we 
have said nothing as to time, which is an important point to 
know in order to ascertain whether the above conclusions are 
inconsistent with what is taking place in the world around us. 
That the accumulation of 800 feet of strata must occupy a lon^ 
space no geologist will dispute. Suppose we take Sir W. 
Thomson's estimate to be correct, then the 50,000 feet of lime- 
stone would correspond to 600 million of years ; and each 1000 
feet, or each of the fifty periods correspondinc thereto, would 
represent an epoch of ten miOion years ; and the average time 
required for the evolution of one species from a second, upwards 
of three million years. Do the facts known as to the mutability 
of living species negative the possibility that species, on the 
average, do not change by the 5.^gis©th part of a specific amount 
of dinerence in the course of a fflngle year ; or that a species may 
have altered by the^th part of the same amount during the 
last 6000 years ? We will not answer these questions, but under 
Species, E. C. S., allusion will be made to some of the changes 
which have been observed in species. 

(Bronn, C&mptes EendtLs, Supp., tome iL pp. 377 — 918, 1861 ; 
BrojuX; IHe Klwscn und (Jhrdnungen der Thier-rcicJis, Bond. 1^ 2, 



and 3 ; D'Archiac, Giologie et Faleontologie, 1866 ; Dana's 
Manual of Geology ; &c.) 

PALAMEDEA [;Chauna, E. C. S.]. 

PANGENESIS is a provisional hypothesis, or an attempt to 
explain by a posteriori ratiocination the method or methocw by 
which the observed phenomena of growth and development in 
organic beings are effected. The premises which are proposed 
as the basitf of reasoning are that an organism is wholly com- 
posed of cells or molecules ; that these cells or organic units 
differ from one another according to the function of the organ to 
which they belong ; that these units are constantly undergoing 
multiplication by budding or proliferation during the whole 
perioQ of their existence, giving rise to multitudes ot excessively 
minute atoms, particles, or gemmules, which are diffused in 
greater or less abundance, and to a greater or less extent through- 
out every portion of each organism ; that the properties of a 
unit are liable to be modified by surrounding conditions ; that 
the gemmules possess the properties which the unit had at the 
time they were thrown off ; and that when these gemmules are 
exposed to suitable conditions they give rise to the same kind of 
cells from which they were themselves derived. In the simplest 
organisms, in which the functions are manifestly few in number 
and obscurely developed, the distinct kind of cells are also sup- 
posed to be few in number, and but slightly different one from 
another. In the most complex organisms, in which structural and 
functional differences are numerous, and in which many organs 
can be easily demonstrated, it is supposed that the number of dis- 
tinct kinds of units are correspondingly numerous and diversified. 
TJie growth of an organism consists of the multiplication of the 
units or cells without material alteration in their relative 
numbers ; development consists partly of an alteration in the 
numerical ratios, and partly of the incorporation of new kinds of 
cells, owing to the gemmules having met with the conditions 
adapted for the growth of such cells. It is supposed that the 
gemmules are diffused everywhere through the tissues ready to 
evolve the particular kind of cell represented by them whenever 
the conditions under which the original cell flourished recur. 
It is supposed the gemmules have the power in some way of 
transferring the property of the cell long after the death of the 
original cell, remaining m the meantime in a dormant condition. 
It may be suggested that the gemmules multiply without giving 
rise to cells, since it is contrary to analogy to suppose that the 
same gemmules can exist for generations. It is cOso supposed 
that certain gemmules have a mutn^ attraction one for the 
other, so as to collect together into little ^gregate groups. It is 
also supposed that the number of each kindof gemmule fluctuates 
according to circumstances, and, so far as we can gather, that 
the kinds of gemmules are liable to extinction. 

By means of these suppositions Darwin explains many re- 
markable phenomena, whether they are normal, that is, of ordi- 
nary occurrence, or abnormal, that is, of extraordinary occur- 
rence. Orj^nisms, as is well known, commence in a minute 
speck, which has no apparent distinction of parts and performs 
no functions. In their mature state we can perceive distinct 
parts and witness the execution of functions. First of all the 
cells are apparently similar ; as development proceeds the mass 
of the organism increases in bulk, and at rapid intervals new 
kinds of cells appear and rapidly multiply. The complexity of 
the result varies according as the organism is a monad or a man. 
In this imaginary evolution we have an excellent illustration of 
what Bronn declares is the law of progress on this earth, viz., 
4;hat simplicity of parts is evolved out of unity through successive 
individualization, proceeding from the more fimdamental on- 
ward. We also have a paraUel set of phenomena to the progress 
of life. In the one case the change is rapid, in the other slow. 
We shall not allude to the many curious facte afforded by the 
various modes of reproduction, the metamorphoses of animalB, 
the reversion of individuals to some antecedent parent form, the 
occurrence of monstrosities, &c., and the way in which they 
may be partially accounted for, but would refer the reader to 
Darwin*s work on ' The Variation of Animals and Plants under 
Domestication.' In order, however, that the scope and applica- 
bility of the hypothesis may be perceived, we will give the 
author's condense! outline of it. " The hypothesis of Pangenesis 
as applied to the several great classes of facte iust discussed, no 
doubt is extremely complex; but so. assuredly, are the facts. 
The assumption, however, on which tne hypothesis rests, cannot 
be considered as complex in any extreme degree, namely, that 
all organic imits, besides having the power, as is generally 
admitted, of growing by self-division, throw off free ana minute 
atoms of their contents, that is, gemmules. These multiply and 
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aggregate themselves into buds and the sexual elements ; their 
development depends on their union with other nascent cells or 
units ; and they are capable of transmission in a dormant state 
to successive generations. In a highly organized and complex 
animal the gemmules thrown oiF from each different cell or unit 
throughout the body must be inconceivably numerous and 
minute. Each unit of each part, as it changes during develop- 
ment — and we know that some insects undergo at least twenty 
metamorphoses — must throw off its gemmules. All organic 
beings, moreover, include many dormant gemmules derived 
from their grandparents and more remote progenitors, but not 
from all their progenitors. These almost infinitely numerous 
and minute gemmules must be included in each bud, o\aile, 
spermatozoon, and pollen-grain. Such an admission will be 
declared impossible ; but, as previously remarked, number and 
size are only relative difficulties, and the eggs or seeds produced 
by certain animals or plants are so numerous that they cannot 
be grasped by the intellect The organic particles with which 
the wind is tainted over miles of space by certain offensive 
animals must be infinitely minute and numerous ; yet they 
strongly affect the olfactory nerves. An analogy more appro- 
priate IS afforded by the contagious particles of certain diseases, 
which are so minute that they float in the atmosphere and 
adhere to smootli paper, yet we know how largely they increase 
within the human oody and how powerfully they act Indepen- 
dent organisms exist which are barely visible under the hignest 
powers of our recently improved microscopes, and which pro- 
Dably are fully as large as tne cells or units in one of the higher 
animals ; yet these organisms no doubt reproduce themselves by 
germs of extreme minuteness, relatively to their own minute 
size. Hence the difiiculty, which at first appears insurmount- 
able, of believing in gemmules so numerous and so small as they 
must be accordmg to our hypothesis, has really little weight. 
The cells or units of the body are generally admitted by physio- 
logists to be autonomous, like the buds on a tree, but in a less 
degree. I go one step further, and assume that they throw off 
reproductive gemmules. Thus an animal does not, as a whole, 
generate its find through the sole agency of the reproductive 
system, but each separate cell generates its kind. It has often 
been said by naturalists that each cell of a plant has the actual 
or potential power of reproducing the whole plant, but it has 
this power oiuy in virtue of containing gemmules derived from 
every part. If our hypothesis be provisionally accepted, we 
must look at all the forms of a sexual reproduction, whether 
occurring at maturity or as in the case of alternate generation 
during youth, as fundamentally the same, and dependent on the 
mutual aggregation and multiplication of the gemmules. The 
re-growth of an amputated limo or the healing of a wound is the 
same process partially carried out Sexual generation differs in 
some important respects, chiefly, as it would appear, in an in- 
sufficient number of gemmules being aggregated within the 
separate sexual elements, and probably in the presence of certain 
primordial cells. The development of each being, including all 
the forms of metamorphosis and metagenesis, as well as the so- 
called growth of the higher animals, in which structure changes, 
though not in a striking manner, depends on the presence of 
gemmules thrown off at each period of life, and on their develop- 
ment at a corresponding period, in union with preceding celhi. 
Such cells may be said to be fertilized by the gemmules which 
come next in the order of development. Thus the ordinary act 
of impregnation and the development of each being are closely 
analogous processes. The child, strictly speaking, does not grow 
into tne man, but includes germs whicn slowly and successively 
become developed and form the man. In the child as well as in 
the adult, each part generates the same part for the next genera- 
tion. Inheritance must be looked at as merely a form of growth, 
like the self-division of a lowly organized unicellular plant. 
Reversion depends on the transmission from the forefather to 
his descendants of dormant gemmules, which occasionally be- 
come developed imder certain known or unknown conditions. 
Each animal and plant may be compared to a bed of mould full 
of seeds, most of which soon germinate, some lie for a period 
dormant, whilst others perish. When we hear it said that a 
man carries in his constitution the seeds of an inherited disease, 
there is much literal truth in the expression. Finally, the 
power of propagation possessed by each separate cell, using the 
tenn in its largest sense, determines the reproduction, the varia- 
bility, the development, and renovation of each living organism. 
No other attempt, as far as I am aware, has been miade, imper- 
fect as this confessedly is, to connect under one point of view 
these several grand classes of facts. We cannot fatnom the mar- 



vellous complexity of an organic being, but on the hypotheai 
here advanced this complexity is much increased. Each living 
creature must be looked at as a microcosm — a little umvene 
fonned of a host of self-propagating oiganismsy inconceiTably 
minute, and as numerous as the stars in heaven." 

PARISITE [K C. voL iv. coL 210]. A mineral first found 
in the emerald mines of the Muso valley, New Granada. It 
crystallizes in double six-sided pyramids, with truncated apex ; 
and has a very perfect basal cleavage. Its hardness is 4*5 ; iU 
specific gravity, 4*3 ; its colour brownish-yellow ; and its strenk 
yellowish- white. In the earlier analyses by Biinsen it was sup- 
posed that water formed an essential constituent, bat from the 
analyses of Damour and Deville in 1864 it would seem that the 
water is accidentaL According to the last-mentioned cliemiite 
the composition is : — 



Carbonic Acid 
Cerous Oxide 
Protoxide of lanthanium 
Protoxide of didymium 
lime .... 
Fluoride of calcium . 
Fluoride of cerium 
ManganouB oxide 



23*48 percent. 
42*52 

8*26 

9-58 

2-85 
1010 

216 

tr. 



»f 
99 
ff 
f» 



(Watts' Dictionary of Chemistry , art. Parisite; Dana, A System 
of Mineralogy, 5th edition, p. 702.) 

PELTOCARIS, a genus of phyllopodous crustaceans, of which 
remains have been foimd in the lower silurian shales of Dum- 
friesshire. It was established in 1861 by Mr. Salter, who define 
it as being ''a small phyllopod, with a round shield-shaped 
carapace ; bivalved, the valves open, and imperfectly joined 
along the dorsal lines ; deeply emai^ate in front, the excava- 
tion so formed being filled up completely by a parabolic plate, 
which is the analogue of the rostrum, and completes the broad 
oval shield.'' He describes two species, viz., P. aptychoides and 
P. (?) Harknessi, In discussing the affinities of the genus, he 
refers to a series of generic forms, which succeeded each 
other irom the Lingula flags up to the present time, and 
which seem to indicate a gradual modification. In the earliest 
genus, or Hymenocaris, the shield is in one piece, arcuate, and 
without a rostrum ; the body segments are numerous, and have 
an aggregate length ecjual to that of the shield ; and the append- 
ages to the tail are irrelatively multiplied. In Peltocam the 
shield is marked out into three portions, but the valves remain 
open, and not approximated towards each other. From various 
curious markings on the shales, which are conjecturally assigned 
to PeltocarU, the tail is believed to have had fewer appendages 
than in Hymenocaris. In Ceratiocaris of the upper silurian the 
shield is tripartite ; the valves are movable, and partly enclose 
the body ; the rostrum still remains distinct from the carapace ; 
the number of tail appendages is three ; and the ratio between 
the length of the free body segments and of the shield is the 
same as in Hymenocaris, Above this horizon the larger phyllo- 
pods, including Leperditia and its allies in this group, form two 
groups. In one tne carapace becomes more decidedly shield- 
shaped, the free abdominal segments fewer in number, but still 
exserted, and the caudal styles two in number. In the other the 
carapace becomes completely bivalved, so as to enclose all the 
abdominal segments and their appendages. He gives a series of 
figures illustrative of this idea of^ succession, and makes the fol- 
lowing remarks respecting them : — " I do not think, judging by 
the carapace only, that many links are wanting between the 
Llandeilo-flag Peltocaris, and the upper silurian Ceratiocaris. 
But there is evidently a stiU nearer connection (probably we 
want an intermediate Devonian form) between Ceratiocaris and 
Ditiiyrocaris, The Argas of the lower carboniferous rocks, and a 
huge bivalv^ crustacean (Dithyrocaris pholadomya), not here 
described, were close relations of the Dictyocaris and Ceratiocaris 
of the upper silurian, differing only in having the anterior joints 
of the aodomen concealed, and the rostrum minute, or possibly 
(but not probably) absent. The links between these coal 
measure forms and those of recent times are manj of them 
wanting ; but in Nebalia we have a good representative of the 
compact, shield-shaped form of Ceratiocaris, the two valves 
soldered into one, and the rostrum attached, the eyes being still 
beneath the carapace. Apus is the most complete and decided 
form, and it is one of the latest of this group, smce it commences 
in the trias. The abdomen is not only greatly increased, and 
the caudal styles elongated beyond the telson, but the styles are 
jointed appendages ; and the leet and antennas have also taken 
on a development wholly beyond that of the rest of the order. 
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The other group, the truly bivalved and enclosing phyllopods, 
do not present tne same variety of forms. From the period of 
the middle Devonian, where Estheria first makes its appearance, 
till now, there has been but little change, except a gradual 
increase in size. And as I do not feel sure that we have in the 
Estheria or Leperditia the oldest member of the series, I will 
only place them as they stand in the diagram, and abstain from 
discussing the affinities of any but the larger and shield-bearing 
phyllopoas. I may be permitted to say, that even of these the 
series, as here exhibited, is not quite satisfactory in a Darwinian 
point of view. The transition, if it be such, from Hynienocaris^ 
with an entire sliield, to a form witli sutures, and then vi\lves, 
returning afterwards to a moi]e completely soldered and compact 
form, maybe i*egarded as an oscillation of character by those who 
do not see a more embryonic representative in the thin undi- 
vided carapace (^athout rostrum, suture, or external eye) in the 
primordial form. ApuSy however, is unquestionably the most 
highly developed ; and it is the latest." 

(Salter, J. W., Quart, Jmim. Geol. SoCf vol. xix. p. 87 — 95.) 
PENARTH BEDS. [RHiETic Beds, E. C. S.l 
PENTREMITES. [Blastoidea, E. C. S.] 
PERMIAN GROUP, a set of beds, of which a notice was 
given in E. 0. under Maonesian Limestone ; but this latter 
term is seldom used, and is objectionable as being based upon 
peculiarities which are purely local. It is occasionally called 
Dyas by the Germans, in allusion to its being composed in some 
countries of two distinct and strikingly characterised series of 
stratified beds, but this term is objected to by Sir R. I. Murchi- 
son, on the ground that although in some places there is a twofold 
arrangement, yet in many others where the beds are best dis- 
played and developed, the arrangement has an eminently triple 
character. 

This group of beds possesses many features of especial interest 
to the geologist, the most of which we shall be compelled to pass 
over with slight allusions, although worthy of more deliberate 
attention. Those which will chiefly be noticed here are more or 
less connected, in appearance or in reality, with the subject 
which was just mentioned under Boulders, E. C. S., and a 
reference made therefrom to the present heading for further 
details. That subject is the occurrence of scratched angular 
blocks of rock in Permian beds. Such blocks are believed by 
some geologists to be ice-transported boulders; so that the 
principal question which comes before us for discussion is 
whether there are any groimds for suspecting the existence of 
glaciers or of a glacial epoch during the Permian period. 

Wherever the Permian beds occur in Europe tney rest uncon- 
formably upon older rocks, frequently upon coal-measures, but 
in very many cases transgi-essively upon strata of almost any 
antecedent formation. In like manner they repose unconform- 
ably beneath all the rocks that have yet been seen above them. 
In America, however, as we shall presently notice more fully, 
the carboniferous strata pass conformably, both as regards life 
and stratification, into tlie Permian series ; but between this 
series and the next overlying deposits there is a considerable 
gap. The Permian rocks are usually situated in low lying tracts 
relatively to older strata ; that is to say, they occur on plains 
and on the flanks of highlands, whose upper portions are com- 
posed of older strata. The arrangement indicates that before the 
Permian beds were formed the earlier deposits had been dis- 
turbed from their original horizontality, elevated into lofty 
regions, and possibly carved out into depressions. For a long 
time preceding the Permian period the eruption and intrusion of 
volcanic or igneous materials appear to have oeen onlv of moderate 
activity, but the period itself seems to have been ushered in with 
a marked intensity of volcanic activity. The lithological cha- 
racters of the beds themselves vary in minor details, as also in 
the degrees to which the subordinate members are developed, 
but looked at as a whole, there is a general uniformity in the order 
of succession. That order is first a* series of red arenaceous 
beds, next limestones, marls, and gypsum, and lastly arenaceous 
beds again, generally red. In order to illustrate this remark, as 
also to indicate that the variationd which occur are compatible 
therewith, we will notice the deposits of one or two localities. 
In the Thuringerwald the Permian beds are of immense thick- 
ness, and have been proved to be several thousand feet in verti- 
cal extent, and even then the base has not been reached. The 
lowest beds belong to the lower of the three members into which 
the Germans have divided this group of beds, or the Roth-todt- 
liegende. Beginning from the base, we first find a rock fully 
600 feet thicl, but considerably denuded in places. It is a 
breccia composed of angular fragments of older rocks inclosed in 
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a red matrix ; and Murchison says of it that this and the 
other " so-called conglomerates of this age in many parts of 
Germany are essentially angular breccias, which could not have 
been fonued by the action of rolling waves on a shore, but must 
have been tumultuously and suddenly heaped together." It is 
succeeded by 250 feet of dark red shale and sandstone, and this 
is in its turn overlain by 500 feet of a l^reccia partially composed 
of masses of a granite not known in the Thuringerwald, nor in 
any place nearer than the Hartz. The last rock graduates 
upwards into a light gray conglomerate, which becomes gradually 
more and more cAlcai-eous towaixls it^ summit, so as to pass int^ 
a cupriferous bed, the well-known Kupfer Schiefer, the thick- 
bedded Zechstein, and doloniitic layers, the Stinkstein, associ- 
ated with gypsum. Red sliales and sandstones cap the series. 
The masses of gypsum are in many instances local metamorphoses 
of limestones, whei-eby these have been converted from stratified 
bands of carbonate of lime into amoridious largely swollen bosses 
of sulphate of lime. In the Hartz district also tlie Pennians 
consist of red sandstones and conglomerates l)elow, calcareous 
rocks in the middle, and other red sandstones above. In some 
places in this areii, as at Altenstein, it is observable that the 
huge hills of dolomite, without any signs of stratification, are 
the continuation of the bedded Zechstein ; a fact which is shown 
by their being on the line of strike, and containing the same 
fossils. In the more southern German localities the Zechstein, 
or calcareous elements, dwindle away, so that the sandstones and 
conglomerates ultimately form the series from top to bottom. 
This thinning out of the limestones towards the south, and the 
preponderance of detrital beds, is a remarkable circumstance, 
since in conjunction with the apparent absence of the formation 
in low European latitudes, ana its general prevalence in high 
latitudes even as far north as Spitzbergen, this would indicate 
that it is essentially a northern dei)osit. Murchison draws 
attention to this fact, and remarks that there is evidence of the 
presence of Permian beds " in the most northern parts of eastern 
Europe, extending even to the White Sea, and ranging south- 
wards throughout Russia, and on the western flanks of the Ural 
Moim tains, to beyond 50' of north latitude, south of Orenberg. 
In following this parallel to the west we see that it passes by 
the northern foot of the Carpathians, and that trending 
between the Riesengebirge and the Alps, it traverses the smaller 
German States and the north of France to the south of the 
British Isles, thus leaving to the north all that portion of Europe 
in which any Permian rocks are known." In Great Britain this 
group consists, where clearly developed, of red and yellow sand- 
stones, conglomerates, and breccias below, of marls and magnesian 
limestones in the middle, and red sands and marls above. 
Several tracts of red sandstone, which were formerly considered 
to belong to the lower new red sandstone, the lowest member of 
the triassic group, really appertains to the far older Permian 
series. The extent of some of these changes may be gathered 
from the following observations of Sir R. I. Murchison : — " Pro- 
fessor Harkness and myself have demonstrated the existence in 
Westmoreland of a range of the Permian rocks of great thick- 
ness in the valley of the Eden. There the lowest band consists 
of the Penrith sandstone, surmounted by calcareous breccias, the 
middle part of impure limestones and shale, with plants identical 
with those which lie in the marl-slate beneath the magnesian 
limestone of Durham, and of massive overlying red sandstones, 
with gypsum. The latter are of great thickness in their range 
to Corby Castle, and also at St. Bees' Head, where they overlie a 
very thin course of magnesian limestone with fossils. To the 
north of this no magnesian limestone or Zechstein has been seen ; 
and when the Permian rocks range into Scotland they become 
one vast mass of sandstones, ovenying the coal formation. I 
suggested, indeed, many years ago, that the sandstone of 
Corncockle Muir, near Dumfries, so celebrated as eidiibiting 
the footprints of the l&i^ sauroid and other reptilian 
animals, illustrated by Sir W. Jardine, would fall into this 

category It is also now ascertained that much of the 

red rock which overlies the coal of Ayrshire is of Permian age, 
as well as those red sandstones in the southern part of the Isle of 
Arran, which Sedgwick and myself classed as new red sand- 
stone, at a period when Permian classification was unknown. 
Recently, Mr. Geikie has ascertained that subordinate to the 
lowest zone of the Permian rocks of Ayrshire, there are beds of 
contemporaneous igneous rock, — a point of exceeding interest in 
showing that in parts of Britain, as throughout central Germany, 
volcanic evolutions were frequent in the period of the lower 
Permian. Professor Harkness and myself nave also expressed 
the opinion that the valuable haematite which often occurs at 
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the base of the Permian rocks of Cumberland was formed at the 
commencement of this era, so marked by tlie great changes 
which occurred after the carboniferous era. This observation is 
of great interest ; for it demonstrates that in our own country 
there exist the same evidences of igneous activity in this epoch, 
particularly in its earlier part, which are so common in the 
Koth-liegende or lower Permian of Germany." The same autho- 
rity is convinced that the Heavitree conglomerate near Exeter ; 
the red rocks of many parts of Shropshire, Staffordshire, and 
Worcestershire ; the sandstones witn silicified trees at Al- 
lesley, near Coventry ; as also those at Kenilworth, belong to 
this age. The marked contrast in the nature of the Permians of 
the north-west and of the north-east of England is very re- 
markable, and is most characteristically displayed by the former 
being almost wholly detrital, and the latter largely calcareous. 
In the former district, however, there are some other pecu- 
liarities, the consideration of which must detain us for a brief 
while. The lowest visible portion of the series consists largely 
of some curious breccias, composed mainly of unaltered fragments 
of the adjacent carboniferous limestone. Next succeeds a mass 
of red sandstones, followed by breccias associated with red sand- 
stone. The breccias are formed of fragments of limestone, 
derived from the carboniferous limestone, but these have all 
been converted into dolomite. Above these, there are other red 
sandstones, but of peculiar character, being formed almost en- 
tirely of grains of quartz, of unusual size for sandstoile, and 
possessing facets of crystallisation. The particles are angular, or 
subangular, so as to render the rock a fine-CTained breccia. The 
restriction of these dolomitic breccia to the middle portion of 
the series is interesting, as showing that the dolomitizing agent 
was temporary in its operation. At Kirkby Stephen, there is 
a breccia in the upper Pennian series, which, is composed of 
unaltered limestone fragments, so that its formation occurred 
after the dolomitizing action had ceased. The dolomitizing 
cause is supposed by Sir R. I. Murchison to be connected in 
some way with gypsum deposits, and it is suggested that the 
magnesia of the dolomites originally existed as a sulphate of 
this earth, from which was derived the sulphuric acid combined 
with the lime in gypsum. The lower breccias frequently rest upon 
the eroded surface of the carboniferous limestone, filling up de- 
pressions, crevices, and caves, wh ich have been formed in it. In 
this condition the breccia is locally known as the ' crab-rock,' and 
is so impregnated and associated with haematite as to compel the 
inference that both were fonned by agencies operating at the 
same time. These breccias, which are displayed in so many 
localities in the northern portion of west England, do not always 
consist of limestone fragments. The material varies with tfie 
district ; thus in Scotland they are mostly formed of fmgments 
of Silurian rocks, against hills formed of which they repose ; 
and in Staffordshire and Shropshire they consist largely of the 
Cambrian and silurian rocks of the Longmynd country. In the 
latter district the fragments occasionally attain diameters of 
two or three feet, and are sometimes polished, scratched, and 
striated. A round pebble is rarely to be found. After noticing 
that the stria) are clear and sharp. Professor Ramsay thus 
describes the appearance of the fragments : " In general, the 
surfaces, including the scratches, are covered by a thin ferrugi- 
nous crust. The confused and iiTegular manner in which the 
whole is bedded, the angularity of all, and the great s?ze of 
many of the stones, together with the pasty clay in which they 
lie, present such strong resemblance to much of the di-ift, that, 
except for differences in hardness, the appearance may almost be 
said to be identical. All the places where the breccias occur lie 
from 25 to 40 miles distant from the presumed parent rocks ; and 
few English geologists now believe that unrounded boulders, some- 
times several feet in diameter, and deposits of this kind generally, 
could have been carried so far, either by ordinary marine 
currents, or by assumed violent floods. I believe that only the 
transporting power of floating ice long continued, could have 
produced resiilt^ of such magnitude marked by the peculiarities 
above described. The rock is of the same age as the Roth-todt- 
liegende of Thuringia, is identical with the coarse angular con- 
glomerates of that formation in general appearance, and I 
believe they both had the same origin." The characters of Uiese 
fragments can be well examined in the Museum of Practical 
Geology. 

The life of the period, as presented to us in these rocks, is far 
more nearly connected with that of the earlier carboniferous, 
than with the later triassic period. It has a general resemblance 
with the former, but it is quite different in its character from the 
latter. One remarkable feature about it is, that meet of the 



species range throughout the greater part of Europe ; another, 
that there is a marked difference ]:>etween the species m the earlia 
and in the later beds ; a thinl is, that in all the groups the 
number of species is surprisingly less than occur in rocks of 
the period immediately preceding and succeeding the Permian ; 
and a fourth is, that in the case of some groups, the individuah 
are dwarfed in size. 

In the foregoing part of this article we have mentioned an 
extraordinary conjunction of phenomena, and now we would 
briefly allude to some of the views which have been offered to 
account for them. Sir R. I. Murchison dwells much upon the 
indications of the disturbance of the ground, the frequency of 
volcanic outbursts, the metamorphism of the limestones, as 
manifesting that the principal agent was increased volcanicitj, 
which superinduced great earthquakes, dislocations, and floocU, 
whereby the strata were piled up and strewed about in the 
confused way that we have described. As to the striated stones 
being proof of glacial action, he says, there is no valid reason. 
The scratches have been found at one place only, according to 
him, — a statement which is, however, opposed to evidence,— ind 
may have been marked by other means, such as friction against 
one another during the convulsive throes to which, he consideis, 
the earth was then subjected. Moreover, the presence of glacien 
implies a high mountainous area, and this he opposes as being 
inconsistent with his belief that the earth was then comparatively 
flat, and exposed to a warm climate. He rejects the possibility 
of Wales having afforded such mountains as might be formed W 
the formation of faults of some thousands of feet throw, mainly 
because it would be difficult to account for the subsequent re- 
moval of the upstanding masses. Jukes was of opinion that the 
breccia of Staflbrdshire was derived from a portion of the 
Silurian strata, which, he conjectured, might be found just 
beneath the Permian rocks at the locality where it occuired. 
Professor Ramsay's view has already been given, and it appears 
to us, that if it be not true it affords a better explanation 
of all the phenomena than any other. In fact, if we are not 
mistaken, tliere is a close parallel between the Pennian and the 
post-pliocene periods. In other articles are described how the 
glacial period was ushered in, and accompanied by elevations 
and depressions of the land ; how the ice accumulated and 
transported mud and boulders in various ways ; and how the 
disappearance of ice was followed by the prevalence of huge 
lakes ; and how, during the period of greatest cold, the lime- 
stones were energetically dissolved, and the hollows filled up 
with a ferruginous mud. " If a similar view were adopted for the 
Permian deposits, we should refer, to the northern distribution, 
the accumulation against the flanks of rising grounds, the cha- 
racter of the breccia chanj^in^ with the nature of the nndei^ 
lying surface rocks of the district in some locaUties, and in others 
denending upon the nature of the highest rocks, some forty or fifty 
miles away, as the indications of a Permian drift. Our facta 
respecting the boulders are not sufficiently precise to say by 
which mode of ice transportal they were effected ; but the 
Scotch and north England bouldera seem to correspond in 
their position with the bouldera which have been pushed over 
the land by sheets of ice ; while those of Staffordshire and Wales 
seem to have been carried by valley glacieis from a central 
mountain tract. The occurrence of the great faults in the 
Silurian strata of Wales would warrant the possibility of high 
mountains having existed then; and as to the difficulty of 
accounting for their removal by denudation, it is not so great as 
admitting the fierce elemental war pictured by Sir Roderick 
Murchison. If the faults are admitted to be so great as the 
government surveyora assert, and that the silurian strata formed 
a continuous connected sheet across Wales, it is manifest that the 
mass of material has been removed, whether it formed mountains 
or continued to be low land. The formation of haematite is 
more expUcable on the aqueous view than the igneous. The 
patches and tracts of gypsum, rock salt, sulphate of magnesia, 
marls, limestones, a fauna and flora which seem to warrant the 
supposition that they frequented lakes and estuaries, are by no 
means irreconcilable with the view proposed. The poverty of 
the species harmonises therewith, and does not involve an actual 
poverty in the creation of the period ; for if the carboniferous 
rocks are partly marine, partly terrestrial, and partly frc^ water 
deposits, we should expect to have a richer specific development 
than in the Permian, supposing them to have been mainly 
formed under the reign of ice, land surface, and vast lakes. The 
small size of the species probably had no connection with the 
temperature ; and, at any rate, this feature is not a safe criterion 
of cold, since, in many cases, species are represented by larger 
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8i)ecie8 in the cold seas than in those of more southern latitudes. 
There are, unquestionably, many difficulties to be overcome 
before such an hyi)othe8i8 be accepted ; but those difficulties 
appear to be such as may be overcome by putting the idea to a 
rigorous and thorough test. 

Permian beds occur in North America ; but as yet, the few 
exposures that have been discovered are situated in the imper- 
fectly explored regions west of the Mississippi. The carbo- 
niferous imderlie and pass up so gradually and conformably 
into the Permian beds, that it is difficult to determine whether 
there is any definable limit between them. The strata are lime- 
stones, marls, shales, gypsum, and indicate the existence of large 
inland seas or salt lakes. Conglomerates are mentioned ; but it 
does not appear whether there are any signs that could be 
attributed to glacial action. 

(Murchison, Siluria ; Jukes, J. B., The South Staffordshire Coal 
Field {Mems, Geological Survey of Great Britain); D'Archiac, 
Geologie et Paleontologie ; Ramsay and others, A Descriptive 
Catalogue of the Rock Specimens in the Museum of Practical Geo- 
logy ; Dana, Manunl of Geology ; Murchison and Harkness, Q. J. 
Geol. Soc. XX., p. 144.) 

PLAGIAULAX. A genus of marsupial animals, presenting 
a remarkable combination of characters. It is represented by 
about half a dozen fragmentary lower jaw-bones, discovered in 
the Middle Purbeck beds of Hampshire. These have been assigned 
to two species, the one named P. Becklesii, which was about the 
size of a squirrel ; and the other P. minor, which was probably 
about seven inches in length, exclusive of the tail. Tnere has 
been considerable discussion as to whether these creatures were 
herbivorous or carnivorous. Professor Owen maintaining the 
species were predaceous carnivores, and Dr. Falconer that they 
were vegetable or insect eaters. As under Marsupiata, E. C, 
a somewhat detailed account has been given of the peculiarities 
of the jaws of the older marsupials from the Stonestield slate, a 
comparison of the present genus with them will not be without 
interest. 

In P. Becklesii the lower jaw is remarkable for its shortness 
combined with great comparative height, the length being two 
inches and the neight one inch. AVhen viewed from the side 
the characters that most strike the eye are a large, upwardly 
curved and conical tooth, deeply implanted in the anterior margin ; 
the straight or slightly curved lower border terminating behind 
in the well rounaed articular surface of the condyle ; the low 
position of the condyle, which is far below the grinding surface 
of the teeth ; the deep boldly curved hollow which separates the 
condyle from the upper point of the coronoid process, whereby 
the condyle itself appears to be situated at the end of a long neck 
or process ; the great breadth and height of the coronoid process ; 
the peculiar, arc-like outline of the summits of the molar and pre- 
molar teeth ; the gradation in size and height of the premolars 
from before backwards ; the compressed shape of the premolars 
combined with the oblique grooves on their crushing surface, 
which are seven in number in tlie largest and hindmost premolar; 
and the small number of teeth, which appear to have been six 
on each side. In P. minor, of which the anterior part only of 
the lower jaw has been obtained, the front tooth is more 
horizontal in position ; the lower margin of the jaw is more 
strongly arched, and the diastema or space between the front 
tooth and the foremost premolar is longer in proportion than in 
P. Becklesii, The principal additional information which this 
smaller species affords us, is that the true molars had subtuber- 
culate crowns. The name of the genus is derived from the 
oblique grooving of the premolars. 

Such, in brief terms, are the characters which Professor Owen 
regards as evidences of a carnivorous, and Dr. Falconer of a her- 
bivorous disposition. The characters are unquestionably those of 
a marsupial mammal ; but as the bearing of the evidence on this 
point has already been discussed imder Marsupiata, E. C, in 
treating of the lower jaw of Thylacotherium, it would be simply 
repeating the same arguments if we were to apply the prin- 
ciples there laid down to Plagiaulax. The question here is of 
a more restricted kind ; it is not whether Plagiaulax belongs to 
the mammals or the reptiles, but whether it was formed on the 
carnivorous or herbivorous plan of structure. Owen says the 
large front tooth >vas formed to kill, retain, and pierce ; that the 
hinder teeth were adapted to cut and divide soft substances, 
such as flesh ; that the broad high coronoid process indicating a 
broad temporal muscle combined with the low position of the 
condyle is a character unknown among herbivorous or mixed- 
feeding mammals ; and that the pedunculate condyle, and its 
remarkable backward extension beyond the coronoid process is 



without a parallel in any known carnivorous or herbivorous 
creature. He compares these peculiarities with their analogues 
in Thj/lacoleOy a laiige predaceous carnivore which flourished in 
Australia during the tertiary period ; and in Hypsiprymnus, the 
kangaroo rat, which lives in the same great island at the present 
time. His conclusion is that Plagiaulax was more nearly 
allied to Thylacoleo than to Uymiprymnus, although he points 
out some striking resemblance between it and the last-mentioned 
genus. Falconer believed that Plagiaulax was far more nearly 
allied to Hypsiprym^ius than to Tht/lacoleo. In all the phytopha- 
gous genera the solitary incisor in each ramus is placed near the 
central axis and on the anterior margin, while the outer incisors 
and canines are absent in most cases, and when present are rudi- 
mentary. In all the carnivorous genera there are but threa 
incisors in each ramus, followed by a canine. The position of 
the single incisor, and the suppression of all the other teeth 
anterior to the molar scries in Plagiaulax is in conformity with 
the herbivorous) not the carnivorous, plan of structure. TJie 
canines, which are the special organs for piercing, retaining, and 
killing, are widely separated, enabling them to grasp with 
greater security and firmness. The only point in which the 
foretooth of Plagiaulax resembles a canine is its conical form, 
but its point is slightly bevelled so as to constitute a powerful 
cutting edge. It does not stand upright as in the powerful 
tusks of the Felidce, but projects forward with a slight upward 
inclination as in the wombat [see figure, Marsupiata, E. C. 
vol. iii. col. 715], or the kangaroo rat, both of which are vege- 
table eaters. It has a still greater resemblance to the incisor 
of the Aye-aye [see figure, Cheiromys, E. C. vol. i. col. 958]. 
The premolars are the most striking features in the dentition of 
Plagiaulax, In P, Becklesii there are three, and in P, minor four 
teeth of this kind, which diminish rapidly in size from behind 
to before. The hindmost tooth is the best developed and 
characterised, and agrees closely in form and construction with 
the corresponding tooth of Hypsiprymmts. On this point 
Falconer says : — " The resemblance is so manifest and direct 
that I never contemplated that it could be called in question ; 
but as it has been questioned, it is necessary to descend to 
particulars. In both, the crown viewed from the side is of a 
gradually oblong form, the length exceeding the height ; in both 
It is compi-essed and trenchant, the side sloping uniformly from 
the base to a thin edge like a wedge ; in both, the l)asal part of 
the tooth presents a smooth sui^face above which the crown is 
traversed by a series of close-set, uniform, and exquisitely 
defined parallel grooves, sharply angular, and bounded by linear 
ridges ; in both, these grooves occupy both sides of the tooth ; and 
in both the channellea sides terminate in finely serrated edges. 
Not the least remarkable point in this striking list of agreements 
is the curious numerical coincidence — these grooves being deve- 
loped, seven in number, alike in the homologous premolars of 
P. Becklesii and of Hypsiprymnus Gaimardi." There are differ- 
ences, but they are of trivial importance. Thus PUtgiaulax 
has three or four such teeth, but Hypsiprymnus has only one. 
In Plagiaulax the grooves are oblique, but in Hypsiprymnus 
vertical. Notwithstanding the peculiar form of tnese teeth, 
they do not appear to be essentially connected with flesh 
cutting, but what their functions may be is unascertained ; 
although it may be conjectured to be the same in Plagiaulax 
and Hypsiprymnus, An examination of the habits of the 
kangaroo rat would probably enable us to form some definite 
opinion on the point. They are nocturnal animals, and feed 
upon the roots which they dig up with their long toes, so that in 
this case the grooved tooth has no relation to any carnivorous 
propensity. 

The shortness and depth of the lower jaw is not always an 
indication of the carnivorous type, since it is found in the Aye- 
aye and in Phascolaretus Koala, The broad high coronoid process 
is not confined to the carnivores, since it also is to be found 
in the Aye-aye. The low position of the condyle, and its long 
horizontal neck is met with in the Aye-aye, but the form of the 
condyle itself is widely different from anything met with in the 
carnivores. It is convex, naiTOW, ovate, witn the broad end 
uppermost in Plagiaulax, while in the camivora it is more or 
less cylindrical, and transversely disposed, and is so locked into 
the glenoid cavity of the upper jaw that the lower jaw can only 
move in a vertical direction. The form of the condyle in 
Plagiaulax has considerable resemblance to those of the condyles 
in the Aye-aye, the Norway rat, the American marmot, and 
other rodents. The depressed position of the condyle below the 
level of the grinding teeth has its counterpart in the Aye-aye. 
In no predaceous species does the condyle project so far behind 
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the coronoid process as in the Aye-aye and the Plagiaulax. 
These resemblances and differences between Plagiaulax and 
Aye-aye are such as to indicate some common habit in forms 
wnich are zoologically wide apart. 

(Falconer, Qwar, Jour, GeoL, Soc^ vol. xviii. pp. 348 — 369.) 

POST-PLIOCENE PERIOD. It embraces the time imme- 
diately antecedent to the present condition of things, and is the 
link connecting the age of civilization with those periods in 
which sediments were deposited containing no trace whatever, 
either of man or of his works. It is a period of especial interest 
inasmuch as it was that in which the first undoubted signs of 
man's existence have as yet been foimd. It was a time, probably, 
of vast duration, since there are abundant evidences of great 
changes having occurred in the climate, the configuration of the 
land, as well as in the fauna and llora throughout the whole 
of Europe, Asia, America, Australia, and probably every part 
of the globe. In the course of this article, facts will be stated 
which appear to warrant the inference that the greater part of 
Europe imder^-ent a series of up and down movements through 
a vertical swing of hundreds, and perhaps even thousands of feet ; 
that it was covered to a greater or less extent with enormous 
dieets of ice and snow, while the climate of what is now the 
temperate zone was as rigorous as a Siberian or a Greenland 
winter at the present day ; that since its commencement many 
large river- valleys have been entirely formed ; and that large lakes 
and seas, more especially the great Mediterranean freshwater 
sea, which then occupied the site extending from the low lands 
of Hungary on the west, to the Sea of Aral on the east, have been 
greatly modified or wholly obliterated. These changes would seem 
to have been produced by the same forces and agents as those 
which are now in daily operation, some of which were probably 
developed on a larger scale than at present. Thanks to busy 
workers over half the world, we shall be able to show, though, 
perhaps, not so clearly as might be desired, that these changes 
followed one another in a definite order throughout wide-spread 
areas, and that each phase is represented by strata having well- 
marked distinctive characters. 

The post-pliocene group of strata, according to Sir C. Lyell's 
views, embraces those whose palaeontological evidence indicates, 
that during the time of their deposition, all the Mollusca which 
lived then are still in existence, and that these were associated 
with extinct species of Mammalia, The post-pliocene age of the 
unfossQiferous strata is deduced from their stratigraphical posi- 
tion relatively to those which are fossiliferous. The post- 
pliocene period of time, then, extends from the date when the 
last extinct species of moUusk died out to that when the last 
extinct mammalian disappeared from the living iauna. As will be 
seen, the definition is an arbitrary one, and, strictly speaking, we 
are practically unable to fix the limits with precision. Moreover, 
it must be borne in mind, that this period is not a mere isolated 
link in geological time, being more or less intimately blended 
with that wliich preceded it, viz., the pliocene, and with that 
which has succeeded it, viz., the recent. Notwitlistanding these 
defects the above definition of the term post-pliocene will be 
that adopted in this article ; misapplications ol the term will 
occasionally happen, but these are frequently unavoidable in the 
present state ot our knowledge. For example, to give a few 
instances, — a bed may have been deposited during the latest part 
of the post-pliocene period, and yet contain only recent species 
of shells, owing to the fact, that none of the extinct species then 
living happened to be preserved in that particular bed. Again, 
beds deposited long after the dose of the post-pliocene period, 
may contain an assemblage of species having as well-marked a 
northern or even Arctic aspect as those characterizing the older 
post-pliocene beds. Indeed, there are not a few spots in the 
deepest water off Scotland where the dredge brings up scarcely 
any tiling but characteristic northern species^ which seem to have 
lived on to the present time, and to be the few remaining relics 
of a condition of things long since passed away. And yet 
again, it may happen that beds with recent organisms only are 
really of post-pliocene age, since the post-pliocene fauna lingered 
on in some areas long after it had become extinct in others. 

As the post-pliocene strata are well developed in Scotland, 
and have oeen carefully studied, an account of them will first 
be given in order to inoicate the succession of events, and to 
have some convenient standard with which the strata of other 
parts of Great Britain can be compared. Jamieson and others 
nave inferred from the phenomena presented by these strata, 
that they bear witness to a series of periods which Professor 
Jamieson has named, (1.) that of land ice ; (2.) that of depres- 
sion ; (3.) that when the land emerged, and the glaciers re- 



treated ; (4.) that of the second depression ; and (5.) that of the 
re-elevation of the land to its present jwsition. The last two 
periods probably belong to the recent era. 

The period of land ice is indicated by the general occunence 
of striations on all the hard rocks of the country which have 
been sufficiently well protected to preserve any markings tiiej 
may formerly have received. These scratches and grooving^ 
occur in numerous localities from the south of ScotlaM 
to the northernmost islands, and from the highest elevations 
to unascertained depths below the lowest water mark. When 
all these markings are mapped, a general system of arrangement 
is at once recognized. The direction of the striations in most 
cases corresponds with that of the main slopes from the principal 
water-partings of the country ; where there are exceptions, the 
deviation appears to be due to the slope of some of^the larger 
valleys. Tne direction of the striations is uniform over such 
large areas that one is led to believe that the striating agent 
flowed or moved outwards from the west as one continuous sheet, 
and not in a series of narrow lines coincident with the valley*. 
This view is further supported by the facts seen at ShehaUion 
and Morven, which are nigh hills occurring as detached isolated 
eminences at some distance eastward and southward from the 
main water-parting crest Shehallion is marked with stiiatioiia 
along its flanks and near its summit, and their direction showa 
that the striating agent moved, not from the top of the hill to its 
base, nor horizontally round its flank, but that it impinged 
against its northern sides and pressed right over it. Morven 
has granite boulders on its summits which appear to have been 
derived from some of the mountains in the main water-parting 
crest. Under fiouLDEBS, £. C. S., facts are cited, indicating 
that the agent which transported some of them was a broad 
mass which flowed from the highest mountain range towards the 
sea shore. All these phenomena are best exphiined by the 
hypothesis that the land was covered with a sheet of ice some 
thousands of feet thick, which moved outwards from the higher 
land. The modem example which most resembles this state of 
things is the great mountain range of Greenland. The only 
difficulty that presents itself to this explanation is the in- 
tensely cold climate which it requires ; but as there are many 
other facts afforded by widely different branches of inquiry, 
which corroborate the contemporaneity of a cold climate with 
the time when these striations may have been formed, this 
difficulty may be an imaginary one only. On the other hand, 
the hypotheses of valley -glaciers, or of suomergence, not only do 
not suit the facts already mentioned, but they are not in accord- 
ance with those derived from other sources. Upon these old 
ice-worn rocks there is a mass of mud, crowded with hard 
angular fragments of all shapes and of all sizes below 10 or 20 feet 
in length. The fragments present no trace of stratification ; their 
surfaces are covered with striations, and the direction of these 
striations frequently correspond with that of the striations on 
the rock immediately underlying them. If the higher countiy 
towards which these striations point be examined, the rocks will 
generally be found to be identical in character and composition 
with those of the transported fragments. This, again, shows 
the direction in which the transporting and scratching agent 
moved. The mud is iust such as would oe formed from the tri- 
turation of the underlying strata. It is called houtder-fMid by 
some, bovMer-clay by others, true holder-clay by others ; and by 
yet others it is termed till. There are, however, accumulations 
m other countries which are also called bv these names, 
although it is probable their origiu and period of formation were 
widely different. We shall, therefore, call the formation under 
notice the boulder-clay of Scotland. Its character is very pecu- 
liar. It is an intimate mixture of a fine impalpable mua and 
stony fragments ; it is generally exceedingly tough and com- 
pact, as though it had been puddled under some enormous 
weight ; it is so unworkable, that the hammer is useless, and 
even contractors find that neither blasting nor digging will 
remove it, and that the only serviceable instrument is the pickaxe. 
Its removal is said to be more costly and tedious than that of 
the same mass of trap or granite. The absence of all fossils, 
except such as have been derived from older beds, is also a well 
marked feature of this clay. The absence of stratification and 
fossils negatives the idea of its being a marine deposit ; the non- 
separation of the finer from the coarser particles is an objection 
to its having been dropped from floating ice into comparatively 
still water, as also is the sheet-like distrioution of the clay, and 
the derivation of its stones from broad zones of local rocks. These 
things rather indicate ^reat friction under enormous pressure 
in the presence of moisture, or precisely those conditionfi 
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which now exist at the lower surface of the great ice-cap of 
Greenland. The melting of the under surface there proceeds 
during the coldest weather. Further information respecting 
continental glaciers or ice-caps will be found under Glaciers, 
E. C. S. The inference to be drawn from these details is, that 
Scotland was during this period above the sea, and not below it ; 
and that, probably, the land was not only absolutely higher 
than it is now, but was also more elevated out of the sea. 

The period of depression is represented by a series of strata, 
which Jamieson calls the glacial marine beds. They rest upon 
the boulder clay, the suilace of which is irregular and undu- 
lating, in consequence, partly of original conformation and partly 
of slight denudation subsequent to its deposition and prior to that 
of the" marine beds. In the lower ground the overlying stratum is 
a laminated clay, which sometimes fills up hollows in the boulder 
clay, and sometmies covers it in wide sheets up to about 300 feet 
above the sea. At this and greater altitudes, up to 600 or 600 
feet, sands and gravels are interstratified with, or replace, it. 
This clay is of a light character, generally laminated, and con- 
tains numerous marine shells, many of which have both valves 
together. Stones and boulders are far less abundant in this clay 
than in the older boulder clay ; the striations on the pebbles are 
frequently almost, or entirely, obliterated either by rolling or 
weathering, and those which do occur are not so deep and 
strongly incised as those on the stones from the older clay. The 
boulders occur under circiunstances which imply they have been 
dropped from floating ice, and all traces of a great grinding agent, 
spreading outwards from long axial lines, are wanting. The 
presence of the marine shells, the stratification of the deposits, 
the character and mode of disposition of the stones and boulders, 
all point to a partial submergence of the land. The amount of 
depression was, at least, sufiicient to bring all the land, which is 
now below the altitude of 512 feet above the sea (the greatest 
elevation at which marine fossils have been found), down to the 
level of the sea. During this period the ice-cap was confined to 
the higher ranges, and the ice moved outwards down the valleys, 
and not along the main slopes of the country. The line of 
perpetual snow was probably some hundreds of feet above the 
then sea level. Jamieson believes that some of the valley 
glaciers of the period extended into the sea, because these 
marine beds are absent from some of tlie largest valleys, such 
as the valley of the Forth, while the lower portions of them are 
filled with heaps of unstratified gravel and stone debris resembling 
glacier moraines. The Loch of Monteith is believed to have 
been formed by the danmiing up of the waters by a moraine 
stretching across the valley of the Forth. The surface of the 
lake is now 55 feet above the present sea level, and, as it is very 
deep, its bottom is probably below the sea level The site of 
this lake has been apparently so pre-occupied, or protected, that 
no marine beds were deposited on it durmg the period of sub- 
mergence. A ciacier extending into the sea would account for 
Uiis as well as for the moraine-Uke heaps. 

The next period, or that during which the land again rose, 
and the glaciers gradually disappeared, is represented by the 
formation of certam valleys, the occurrence of travel on their 
flanks, the existence of moraines at considerable elevations above 
the sea, and of old peat beds with embedded trunks of trees, indi- 
cating the sites where former forests grew. The gravels, mo- 
raines, and glacial traces, are frequently so associated in the 
aame valley as to indicate a definite succession of events. The 
moraines occur in most of the mountain glens, and merge in the 
downward direction into the valley gravels, which frequently 
extend as far as the sea. The study of these valley gravels is 
rendered somewhat difiicult by the circumstance, that in many 
cases they have been more or less acted upon by marine action 
since their original deposition. The denudation that preceded 
the formation of the gravels resulted in the excavation, wholly 
or partially, of many of the river valleys ; and this denudation 
tooK place subsequent to the deposition of the laminated clay. 
The apparent concurrence of the retreat of the glaciers with 
the excavation of valleys and the formation of valley gravels is 
what might be expected from an elevation in the temperature of 
the climate. It is paralleled by those Arctic countries where the 
ftnow of winter is rapidly melted during the warm season, and 
floods and freshets are of frequent occurrence. Subsequent to 
tiiese gravels forests made their appearance on the low Lands on 
most parts of the coast, more especially in the estuaries. The 
peat bieds which they have left are generally continuous below the 
present sea level, showing that, at the time of their growth, the 
land was somewnat higher thim it is now. The stumps of trees 
remain upright surrounded by the leaves, branches, and seeds of 



plants. The prevailing trees are the birch, the hazel, and the 
alder. This peat bed may be seen in the Friths of Tay and 
Forth wherever the old estuarine clay has been removed. 

The period of second depression is represented by the estuarine 
clay and raised beaches fringing the shores of Scotland. This 
clay is a fine sedimentary silt remarkably free from stones, and 
forms the subsoil of most of the Carse lands, whence it is fre- 
ouently called the Carse-clay. It extends up the valleys to 30 
feet and less above the level of the sea, indicating the upward 
limit of the depression. This limit is not horizontal, for it is 
kno^vn to decrease gradually from 30 feet above the sea in the 
Frith of Forth to less than 8 feet at Aberdeen. The fossils 
found in this clay indicate that it belongs to the recent period, 
so that the post-pliocene period terminated before its deposition. 
The characteristic shell is Scrohicularia piperata. 

The beds of peat and blown sand which overlie the old 
estuarine clay bear witness to the re-elevation of the land. This 
event took place long after the fu-st appearance of man in 
Scotland, and probably before the Roman invasion, although 
some authors contend that it happened after the appearance of 
the Romans in that coimtiy. 

So far then as Scotland is concerned, we have evidence not 
only that the land has been elevated and depressed, but also that 
there is apparently a marked gradation in the extent of the 
vertical movement. Restricting oui* attention to the strata 
already noticed, the relative position of the land during each 
period may be thus roughly indicated : — 

First Period. — Land at its highest ; probably hundreds of feet 

higher than now. 
Second Period. — Period of greatest depression ; land probably 

hundreds of feet lower than now. 
Third Period. — Land not so high as during the first period ; 

but still higher than it is now. 
Fourth Period.— Time of second depression when the land 

was less than 100 feet lower than now. 
Fifth Period. — Land at its present elevation. 

In the Lancashire and Cheshire district the same general 
sequence of events appears to have occurred as in Scotland ; but, 
owing probably to the somewhat difierent conditions imder 
which the strata were deposited, it is difficult to correlate the 
beds of this area with those of Scotland. And the difficulty is 
much increased by the rather indiscriminate application of the 
terms till, boulder clay, and drift to these beds. Without pre- 
tending to be able to use these terms properly ourselves, we snail, 
nevertheless, endeavour to call strata ol a similar nature or age 
by similar names. 

The traces of the period corresponding with Jamieson's first 
period have not yet been found m any abundance in the area 
under notice. Stri®, groovings, and a peculiar hummocky con- 
dition of the harder rocks, have been foimd on the higher eleva- 
tions of the Pennine chain, the Cimiberland moimtains, &c. ; but 
the facts are too few and disconnected to warrant the inference, 
that they were formed either by continental or vtdley glaciers. 
The apparent absence of the general glaciation of the siu^eu^, 
whereby the rocks were ground down in broad bands, as also 
of any clay which corresponds closely in texture, and mode of 
occurrence, with the boulder clay of Scotland, gives the impres- 
sion that the ice-capping, in this part of the country, was far 
inferior to that of Scotland during the same period. There are, 
it is true, striated surfaces at all elevations below 1400 or 1500 
feet ; but in most instances these striations appear to have been 
done by packed or shore ice, and may therefore belong to a 
subsequent period. 

The second period, or that of greatest depression, is more 
abundantly illustrated ; indeed, t^e great proportion of the 
Lancashire and Cheshire post-pUocene strata may probably be 
assigned to tliis stage. These strata are so variable that as yet 
no generalization can be made without risk of error. They con- 
sist of a series of gravels, sands, and clays, generally more or less 
stratified, and frequently fossiliferous. The lowest bed in many 
places is a gravel or sand. Near Stockport it underlies a very 
stiff^ dark-coloured boulder-containing clay ; it is stratified, 
composed of rounded grains, and contains numerous fragments of 
marine shells, of which the majority appertained to Caraium edule 
and TurrittUa terebra, A sana occupying a similar position has 
been met with in most of the well-oorings in and about Man- 
chester. At Macclesfield coarse sands and gravels underlie 
boulder-bearing clays, and rest upon the solid rock. Here the 
stratification is mainly horizontal, although frequent examples 
occur of false bedding and other evidences of changes in the 
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direction of the currents. These beds also abound in fragments 
of shell, of which Turritdla and Cardium arc the most abundant. 
Fustis BanJiuSj TeUinOj Na^a, and others, are associated with 
them. Some of the shells have been met with 600 feet above 
the level of the sea. At Rainford, near Liverpool, a gravelly 
clay and sand are the lowest beds ; and contain Turritella 
terebra, Fusus BanJitLS, Nassa reticutataj Cardium edule, Tellina 
solidula, and Telliiia tenuis. Round Liverpool a similar Btratum 
occurs, which is sometimes called lower drift sand. It may be 
seen in most of the cliff sections along the banks of the Mersey, 
and here also it contains marine shells, such as Turritella cam- 
munis, Nassa reticulata^ Nucula ohlonga, Naticaj Patellaj Tellina, 
&c. In the higher lands towards the north, as at Burnley, this 
set of beds apwars to be absent, or at any rate, comparatively 
rare. In their lithological character these lower sands and gravels 
are hardly to be distinguished from those which occur at higher 
horizons. They apjmrently extend from the sea shore up to 
1300 and 1400 feet above the sea. At the higher localities, how- 
ever, there are no overlying clays, and as the lower sands and 
gravels have not been followed up continuously some writers 
dispute the identity of the beds at the higher and lower levels. 
Where these gravels contain the largest quantity of shells they 
have all the appearance of a shelly beach ; and, indeed, these 
gravels may be regarded as a more or less continuous raised 
beach. An interesting example of an old raised beach occui-s 
near the summits of Grin Edge and Harper Hill, a little south of 
Buxton. It is estimated to oe 1435 feet above the present sea 
level. Fuller details respecting it are given under Raised 
Beaches, E. C. S. Above the gravels in many parts is a boulder- 
containing clay, called boulder clay and till by the local 
geologists. Its character varies in different distiicts. It is 
rarely a single bed of clay, but is frcrpicntly inter-slratificd with 
beds of grovel and sand, which are sometimes fossiliferous and 
sometimes barren. In the lower distiicts it is generally free 
from arenaceous or gravelly partings, but these become more 
frequent and more bulky as the higher ground is approached. 
The description by various authoi-s seems to indicate a con- 
nection between the colour of the clay and the imderlyins 
or contiguous rocks. Thus, at Liverpool, where is a broad 
band of new red sandstone, the clay is a dark red clay, con- 
taining numerous pebbles and boulders, varying in size from 
])eas to masses six feet in diameter, many of which are striated. 
They consist of quartz, granite, syenite, porphyry, greenstone, 
basalt, limestone, and new red sandstone. 2'uritella communis, 
and Mactra truncata, are of frequent occurrence. About Man- 
chester, which is situated amidst the coal measures and the red 
sandstones which overlie them, the clay is stiff in texture and 
brown in colour. It contains fragments of the same kind of 
rocks as are met with in the clay at Liverpool of all sizes, varying 
from small pebbles to blocks six tons in weight. Most of the 
fragments from a distance are more or less rounded, while those 
from less distant rocks, such as millstone grit, are frequently 
angular. Most of the specimens are striated. In the neighbour- 
hood of Burnley the clay is blue, the colour being due probably 
to the slates of Cumberland. The strata hereabouts have a closer 
resemblance than any others of the same group farther south 
and west to the boulder-clay series of Scotland. Thus, at 
Swindon, near Burnley, the lower bed is a hard compact blue 
clay ; while above it lies a similar blue clay, which is variously 
described as being soft or sandy. In places sands and gravels 
occur between the two blue clays ; and in others sands with 
thin seams of clay. These last are frequently laminated. 
These inter-stratifications of gravel and sands with the clay 
have given rise to considerable differences of opinion amongst 
the local geologists, for while some contend there is but one 
" boulder clay," others assert there are six or more. Truth and 
error seem to be equally divided between all parties, for while 
alonff the sea shore there ia but one boulder-containing clay ; in 
the higher ground this becomes split up into several bands 
separated by beds of sand and gravel. The wedge-shaped com- 
mencements of these intercalated layers have frequently been 
met with, and in most instances, probably all, the snarp edge of 
the wedge points away from the high ground, or towards the 
south and west. Above this ai^llaceous series lies an upper 
sand and gravel formed of roundiKl fragments of the same kmd 
of rocks as are most conmion in the lower grovels and sands. 
Acconiing to Mr. Binney, it forms the gently rising slopes of 
Lancashii'e and Cheshire. It varies much both in composition 
and thickness. Near the sea at Ormskirk the ^* till " or boulder- 
containing clay is sometimes found \vithout it, but in pro- 
ceeding east it makes its appetvrance, and gradually thickens 



until it attains its greatest thickness, near the base of th« 
Pennine chain. The country lying between Manchester, 
Bolton, Bury, Rochdale, Ashton, and Stockport, is mostly 
situated upon it. The grovels about Crewe belong to this 
series ; as also what is sometimes called the upper drift saod 
near Liverpool. The great dissimilarity between these beds and 
the boulder clay of Scotland is well marked ; the occurrenc* of 
shells from the lowest to the highest strata ; the abundant 
evidence of the sorting action of currents of water aflforded bj 
the stratified, false bedded, and laminated clays and sandg, 
evidence which is moreover confirmed by the usual position of 
the long diameters of the pebbles, which are generally inclined 
toward the south-west. True it is, there are hard clays well 
packed with angular and transported fragments, which aw 
highly polished and scratched, but these clavs also contain 
other fragments, which are more or less rounded. The facts are 
not such as might be looked for as signs of a highly elevated 
glaciated land ; but they appear to be the indications of a sub- 
merged area in close proximity to a land which does yield 
glaciers. Most of the ioreiwi boulders come from Cumberland 
and Scotland. On the whole, then, we are inclined to believe 
the beds just noticed indicate the period of great depression in 
this part of England, a period which was probably contempo- 
raneous with the same period in Scotland ; and therefore we 
should synchronize the so-called boulder clay or glacial drift 
formation of Lancashire and Cheshire, with the glacial marine 
beds of Scotland. The amount of depression appears to have 
been 1400 or 1500 feet. 

In the period which followed the deposition of the beds just 
noticed we have proofs of the excavation of river valleys, the 
accumulation of valley gravels, and the growth of forests which 
are now partially submerged. The same events occurred in 
Scotland, but in Lancashire and Cheshire no signs have yet 
been discovered of moraines, whereby a clue would be given as 
to the height of the land relatively to what it was prior to the 
great depression. The position of the submarine forests shows 
it was higher then than now ; but there is nothing to show 
whether it was less high than during the first period. The 
usual order in which the events took place was thus ; — ^the 
excavation of the valleys ; the accumulation of valley gravels ; 
and the growth of forests. The valley of the Irwell is excavated 
in the boulder-containing clays, and the hilJs which bound it 
are capped in places, as at Pendleton and Kersall Moor, by the 
upper sands and gravels ; the excavation must therefore have 
taken place since those sands and gravels were laid down. In 
the hollow thus formed the lowest bed is generally a gravel, 
arranged in two well marked terraces, at heights of about 40 
and 86 feet above the present level of the Irwell. Upon a 
valley gravel, in one of the valleys, the stools of large trees have 
been foimd in one or two localities, with their roots growing 
into the gravel itself. At Liverpool, and all along Uie con- 
tij^ious shores, submarine forests are of frequent occurrence. 
Thus, one was found 35 feet below high water level, beneath the 
north docks ; and again 40 feet below the same level at the 
Custom House. Other instances could be recorded to show that 
the land was higher when these forests grew than it is now by 
about 50 feet. Above these old forest beds are a series of blue 
silts, loams, and peats, which are marine in the lower grounds, 
probably estuarine higher up, and fluviatOe at still higher eleva- 
tions. There are one or two forest beds inter-stratified with 
them, and the highest of them, such as that 3 feet below high 
water mark at Leasowes, and those just below the same level at 
Dove Point and Formby are knowTi to have been submerged 
during the historical period. Above all we find mounds of 
blown sand. These beds correspond with the third and fourth 
periods of Jamieson ; during the third period the latter was 
somewhat higher than now ; and during the fourth it was 
depressed less than 100 feet. The depression about the mou^ 
of the Mersev in recent times appears to be a local pectiliarity, 
and distinct from the general depi^ession indicated by the older 
forest beds. The fifm period, or that of re-elevation to the 
present level, is rendered obscure by this local depression, but 
there are evidences of it in the terraces of valley gravel, and in 
raised beaches along the rocky shores of North Wales. The old 
forest bed near Liverpool appears to be the latest of the post- 

Eliocene period, all above being recent. Flint implements and 
ones 01^ the Equus fossilis have been found in the valley 
gravels. 

It would render this article disproportionately long were W8 
to treat all the districts where post-phocene strata occur in the 
same detail as the foregoing, and want of time will not permit 
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us carefully to examine and classify the numerous notices 
scattered through the scientific periodicals. AVe believe, how- 
ever, that such an inquiry would show that in Wales and 
central England the same succession of elevations and depressions 
occurred as in Lancashire and Scotland. The period of vgreat 
glaciation, of the existence of which no good evidence has been 
yielded by Lancashire and Cheshire, appears to have left its 
marks on the lofty highlands of Wales. We come again upon 
what probably corresponds with the true boulder-clay of Scot- 
land. It is met with at the heads of all the principal river 
valleys, and the valleys of the present rivers at those points 
are excavated in the clay ; it is unstratified, unfossiliferous, and 
presents no signs of having been deposited by a sea. It is 
so situated on the higher eminences, and at such heights, as to 
render it very unlikely that they have been placed where they 
are bv rivers, rains, floods, or any kind of water action. And 
yet tfce boulders in it are all local, and, according to Symonds, 
'^have been carried across particular districts and down par- 
ticular hills." The peculiar association of phenomena here 
referred to, the absence of some, and the presence of others, 
seem to point to a time when great continental glaciers passed 
over the land down the principal slopes, undisturbed by the 
minor inequalities which nave in many cases been produced 
since they ground down the strata and spread the boulder mud 
over the slopes of the higher hills. 

The period of great submergence in Wales is represented by 
the boulder-containing clays, sands, and gravels, in which have 
been found marine shells. The newer clay is quite unlike the 
older boulder-clay ; it occurs at lower elevations, its highest 
limit being about 2000 feet The boulders in it are partly of 
local origin, and partly of foreign ; some of them are angular, 
but many are more or less rounded, a feature which is very 
common m the so-called boulder-clays of the Lancashire district. 
These beds indicate a time when Wales was submerged up to 
2000 feet, beneath the sea. The 'drift' of Moel Tryfaen be- 
longs to this period, and is not, as its name would imply, a col- 
lection of materials transported bodily or in masses from some 
distant region, but it consists of a series of sands and gravels 
about thirty-five feet thick, which present that irregulaiity of 
disposition, rapid alternation of coarse with fine materials, and 
abundance of shelly fragments, so common in the shore deposits 
of the present time. The molluscan fauna, comprising nearly 
sixty species, has the same character as that of the Macclesfield 
drift, and both appear to belong to the period of depression. The 
sand and graveh of the high plains round Birmingham and 
Warwick, which most authors call drift, as also the drift at 
Strethill and other places in the valley of the Severn, were 
apparently deposited during the same geological phase as the 
foregoing. 

The period of valley glaciers has been admirably treated by 
Professor Ramsay, in his account of the glaciers of North Wales 
and Switzerland. All the valleys radiating from Snowdonia are 
grooved, scored, and worn into hummocky surfaces up to 800 or 
900 feet above their floors ; perched blocks and lines of striated 
fragments mark the positions of the lateral moraines ; and heaps 
of irregular debris ot scratched angular fragments mark the spots 
where the glaciers terminated. Subsequent to this grooving, 
scratching, and transportation of blocks down valleys, numerous 
facts show there was a time when water accumulated in large 
quantities, filling the lakes, rushing down the lower valleys so 
as to do the work of excavation, and forming the valley gravels. 
The earlier portion of this time was probably contemporaneous 
with the minor depression of the country when North Wales 
was submerged up to a height of about 400 feet above the 
present sea level. It was during this period of submergence and 
re-emergence that the raised beaches along the northern borders 
of Wales were formed, as, for example, those at Llandudno, the 
Little and Great Orme's Head, and many others. During this 
period, also, the Vale of Clwyd was a wide estuary stretching for 
many miles as a winding fiord into the interior of the country. 
The action of the waves of iliis estuary scooped out the nume- 
rous caves in the limestone cliffs which now bound this pictu- 
resque vale. At Llandudno a continuous sea-beach may be 
traced from high water mark up to nearly 300 feet above it ; at 
this height the flank of the limestone mountain is marked by a 
line of rounded projections and recesses, and at one place by a 
series of cavenis. In one of these caves Miss Eyton founa a 
shingle identical in character with that now forming on the 
beacn below. The shells found in the raised beach are the same 
as those which are common on the present beach, but they are 
intermingled with land shells. Round the shores of Wales are 



also to be met with, beds of silty clay, peat, submerged forests, 
and blown sand, similar in character to those on the shores of 
Cheshire and Lancashire. 

The vertical movements in North Wales, like those of Scot- 
land, remind one of a series of vast undulations gradually dying 
out ; but the evidence seems to indicate that the movements in 
North Wales were more extensive than in Scotland. Advancing 
southwards alone the coast, the next point we stop at is Porlock 
Bay, on the south shore of the Bristol Channel. The superficial 
deposits here have been described by Godwin- Austen, who finds 
the order of the beds to be as follows, beginning with the highest 
bed : (1) shingle bank ; (2) marine silt ; (3) surface of plant 
growth ; (4) fresh water mud deposit ; (5) forest growth ; and 
(6) angular detritus. The angular detritus rests upon the strata 
belonging to the Devonian series, and is clearly derived from 
them. It occurs on all the high ground surrounding the bay, 
and frequently long streams of it can be traced as though it had 
been brought from the higher to the lower levels by a glissade- 
like motion. Sometimes it is accumulated in thick masses at 
the mouths of deep glens. At others it contains an intermixture 
of water-worn pebbles which mark the sites of former torrents. 
Its peculiar features are believed to be due to the action of frost, 
snow, and other atmospheric agencies upon a land which re- 
mained for a long time above the sea. Upon this detritus lies 
the forest bed ; it was evidently the surface on which the trees 
grew, since wherever the stools are upright they are seen to be 
rooted in it. Surrounding and overlying the remains of the old 
forest is a blue silt, which Godwin- Austen is inclined to believe 
is of fresh water origin, from the abimdance of vegetable matter 
diffused through it, and the absence of any organic remains. 
The roots of the trees were never found to penetrate into this 
clay. On the surface of this clay is a dark band formed of a 
mass qi matted vegetable debris, from which reots can be traced 
into the clay ; this shows that it was the surface on which the 
plants grew. Upon this surface rest the trunks of the trees, 
whose stools still remain rooted in the underlying angular 
detritus. The trunks were in some instances more than twenty 
feet in length, and in no case were they observed to have suns 
below the surface of the old plant growth. The trunks are em- 
bedded in the next overlying bed, which is a yellowish-brown 
sand, containing numerous perfect valves of Scrobicularia pipe- 
rata. And latest of all comes the shingle beach. The layer of 
angular detritus was formed when the land was higher than at 
any subsequent period, and we should therefore assign its age to 
Jamieson's third period, or that when the land of Scotland, 
Cumberland, and Wales re-emerged after the great depression ; 
but the absence of any indications of glaciers or of glacial marine 
beds renders it possible that the angular detritus represents the 
first three periods of Jamieson's table. Godwin- Austen adopts 
the latter alternative, and from this and other evidence infers that 
the West of England was above the sea during the whole of the 
glacial period. In corroboration of this he alludes to the im- 
mense masses of fluviatile deposits around the Bristol Channel, 
which are so large relatively to those fonned by other English 
rivera of similar size, that he reganls them as the accumulated 
glacial alluvia of all the rivers of the west, from the Severn to 
the Tone ; and the equivalents in age of the great accumulations 
of angular debris. The patches of clay-with-angular-flints, wliich 
occur BO abundantly over the Nortn Downs, appear to corre- 
spond with the angular detritus, and to have been formed by the 
same agencies during the same period. Over the larger portion 
of these Downs no marine beds of post-pliocene age have as yet 
been detected, a fact which, if established, would indicate that 
they have been above the sea while Scotland and Wales have 
been twice beneath it up to elevations exceeding the height of 
the Downs. In connection with this we may here allude to the 
gravels of the south-east of England, which, like those of the 
west referred to by Godwin-Austen, appear to have been gradu- 
ally accumulating throughout the glacial period. The forest 
bed of Porlock Bay occurs under such cireumstances as to imply 
a depression of about 120 feet since their growth, so that when 
the old forest flouiishcd the land was upwards of one hundred 
feet higher than at present. The trees did not begin to grow 
till after the detritus had been accumulated, and probably not 
until the snowfields had passed away, which was probably some- 
what before the termination of glacial conditions in Wales and 
Scotland. And if the angular detritus be contemporaneous with 
the fluviatile gravels of the West of England, the forest is pos- 
terior to the excavations of most of the nver valleys. In short, 
it grew during the same geological, or climatal, phase as the 
older forest whose remains imderlie the estuarine clays of the Tay 
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and the Tweed. The Porlock forest may perhaps have grown at 
the same time as the submerged forests along the coast of Wales, 
as in Cardigan, St Bride's, and Swansea bays, as well as those 
already alluded to along the shores of Lancashire and Cheshire. 
The beds 4 and 3, overlying the Porlock forest bed, are local, 
and have no recognised representatives in the districts already 
noticed. Godwin- Austen regards them as proofs of a depression 
and re-elevation, but we would rather assign them to a lake 
which was rapidly lilled up. The time occupied could not have 
been long, since both were formed during the lifetime of a tree, 
and the trunks were enveloped in a marme silt before they had 
decayed. The Scrobicularian sand answers to the yellow clay 
all along the low shores of the West of England, and corresponds 
with the coarse clay with Scrohicularia of Scotland. The trees 
were probably killed by being immersed in the sea. The area 
about the Bristol Channel is considered to be near the southern 
limit to which the great vertical movements of the glacial period 
extended. From North Wales, where the land sank 2000 feet 
or more, the amount of depression gradually declined towards 
the south, until at Porlock Bay it did not exceed one hundred 
and twen^ feet. 

On the southern side of the same promontory occur gravels, 
boulders, and other phenomena which corroborate the inferences 
drawn from what is seen in and around Porlock Bay, and at the 
same time indicate that the same peculiar subaerial conditions 
also prevailed there. In the upper part of the basin of the 
Teign, where the land is from 400 to 1500 feet above the sea 
level, are numerous boulders of granite and carbonifei-ous strata 
which have been mainly derived from spots a few miles from 
where they now lie. They occur chiefly on the tops of the 
highest elevations and on the upper part of their flanks. At the 
junction of the North and South Teign rivers is a hill, the face 
of which looks up the stream. On this slope large blocks of 
granite are piled on one another. One of them, the Puckie 
Stone, is 26 feet long, 8 feet 8 inches wide, and from 8 to 10 feet 
high ; and its angles are more or less rounded. With the 
exception of signs such as these, there are no indications of any- 
thing like glaciers. The remarkable way in which the blocks 
are distributed, their local origin, the frequent rounding of their 
angles, are best explained on the hj^pothesis that the winter's accu- 
mulation of snow was only partially pressed into ice, and that 
during the heats of summer the general dissolution resulted in 
torrents which carried block-bearing ice-rafte a short distance down 
the valley. Over the highlands are also found extensive areas of 
gravel, mostly angular, but containing a few rolled fragments. 
This kind of gravel is not met with in the lower parts of the 
valleys, and appears to have been formed prior to and during their 
excavation. It is the " Old Gravel " of Ormerod (" Quar. Jour. 
Geol. Soc," xxiii. p. 418), and doubtless corresponds with the 
angular detritus of Godwin- Austen. There are no traces of any 
part of this district having been submei'ged during the post- 
pliocene period; although there are one or two facts w"liich 
possibly point to recent vertical movements of the land. Thus 
near Sandgate, 750 feet above the sea, is a fine gravel arranged 
in laminae resting on granite. The laminae dip at an angle of 
about 5° N.N.W., thereby showing, says Mr. Ormerod (1. c. 
p. 424), the direction in which the granite has been elevated 
since the deposition of the gravel. 

Along the south coast of Devonshire, Pengelley has pointed 
out numerous proofs of recent change in the level of the land. 
First there was a depression whereby the country was rendered 
280 feet lower than now ; this was followed by an intermittent 
re-elevation carrying the level to not less than 40 feet above 
what it is now ; another depression succeeded, resulting in the 
present relative position of sea and land. We have a difficulty 
in correlating these movements with those already noticed. The 
last period of depression answers to that by which the Porlock 
Bay forest was destroyed; the previous period of elevation 
corresponds to that during which the Porlock Bay forest 
flourished, and Betiila nana and willows grew on the plains of 
Bovey Tracey. The few plant remains as yet found indicate a 
highly Arctic climate, and so far this is in harmony with Godwin- 
Austen's opinion that the angular detritus represents the larger 
portion of the glacial period. The great submergence of Devon- 
shire is imdoubtedly older than the angular detritus, and if 
Godwin-Austen is right the downward movement was pre- 
glacial. But it is not improbable that a careful inquiry may 
prove that the great depression of Devonshire was contempo- 
raneous with the period of the glacial marine clays so well 
developed farther north. 

Along the south coast there are frequent occurrences of raised 



beaches and submerged forests, the latter being covered up by 
marine silts and peat beds. These appear to oe relics of the 
third and fourth periods of Jamieson ; but so far as we have 
been able to ascertain, there are no signs of any extensive eleva- 
tion of the country, nor of its great depression Deneath a sea. If 
there is anything to represent these periods it is the great sheets 
of fluviatile gravel, and perhaps the numerous ossiferous caves. 
Along the east coast from Clacton to Flamborough Head there 
are a series of beds of especial interest, inasmuch as they present 
some important links connecting the boulder-clay with the 
pliocene strata. It is along this part of the coast, ana apparent!? 
along it only, that we can examine strata of an age immediately 
antecedent to the boulder-clay. They are well shown in the 
neighbourhoods of Cromer and Mundesley. Lowermost of all, 
and resting on the chalk, is a forest bed consisting of the stumpg 
of an old forest in which the Scotch fir, the spruce, the yew, and 
the oak were the most abundant trees. The stumps are levelled 
off in the same way as those in the forests at Porlock Bay and 
elsewhere, and are covered by a series of laminated clays, whose 
organic contents indicate an alternation of estuarine, marshy, and 
marine conditions. These and other facts are generally believed 
to indicate an elevation and depression of earner date than any 
of those to which we have yet alluded. The organisms which 
then flourished, the accumulation of lacustrine siits, the forma- 
tion of peat bogs and marshes, all point to the prevalence of 
climatal conditions very similar to those which obtained during 
the growth of the peat bogs and forests of subsequent ages. In 
these older beds, however, the bogs are represented not by peat, 
but by seams of lignite. Upon the fluviomarine series rests the 
boulder-clay of Norfolk, which is said to be unstratified, and to 
be filled with small and large blocks of far-transported striated 
boulders. What we here term boulder-clay is a series of sandy 
brick earths sometimes more or less laminated, and occasionally 
fossil iferous. The local geologists recognise three boulder-clays, 
and these have received various names. The lowermost is 
termed by some the lower boulder-clay, by others the lower 
glacial drift ; another is the upper boulder-clay of some, and the 
middle glacial drift of others. In addition to these there are, 
first, a third boulder-clay and a true northern or upper glacial 
drift. The variety of names assigned to these beas, and the 
varying opinions entertained respecting their relative ages, are 
sufficiently confusing. In the first place we beUeve these strata 
are widely dift'erent in character from the boulder-clay of Scot- 
land. They rest upon the even surface of the underlying clays, 
which present no signs of having been ground down ; the boulder- 
clay is not formed out of the underlying stratum; and hence it 
may be inferred it has not resulted from the action of an ice cap 
upon an emerged land. In the second place we believe the beds 
are marine, it is true that the clay is generally un stratified ; 
but in the midst of it there occur beds of gravel and clay con- 
taining marine shells ; and indeed these ^velly and sandy 
partings are more frequent as we advance inland. These cha- 
racters, together with the general facies of the shells and the 
Scandinavian origin of many of the boidders, indicate that they 
are a series of marine deposits similar to, and formed xmder 
somewhat analogous conditions as, the clays, sands, and gravels 
of Lancjishire and Cheshire. The upper surface of the boulder- 
clay at Mundesley, Cromer, and other neighbouring localities, is 
very uneven and much eroded. In most of these localities also 
it is covered by a gravelly or sandy layer highlv disturbed, and 
known as the contorted drift. Subsequent to the formation of 
these beds, manv of the Norfolk valleys have been excavated and 
more or less filled up. There is one example at Mundesley. 
where the valley is scooped out almost to the level of the old 
forest bed, and the hollow filled up with valley-gravel, peat, 
sand ^sand bars), and gravel, probably a shingle oeach. The 
Norfolk beds apparently represent all the periods of Professor 
Jamieson's table. The Cromer forest flourished when the land 
was at least 500 feet higher than it is now, and more or less 
connected with the continent. We have no space to discuss the 
question, but there is considerable probability that the forest was 
growing at the same time as the mountains of Scotland were 
enveloped in ice ; the fluviomarine series point to a gradual dow 
subsidence of the land, during which marshes, lakes, and pro- 
bably peat bogs, were prevalent. We have little doubt that some 
of the patches were once the sites of peat mosses, and if the 
opinion is a correct one, these are the oldest yet discovered, far 
older than the lower layers of peat in the Frith of ^Tay. The 
land still sinking the laminated clays, the boulder-clays with their 
associated gravels and sands were heaped up, and may represent 
the period of great depression ; the excavation of the valley and 
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the accumalation of valley gravels may be assigned to the 
second period of elevation, and the filling up of the v(dley at 
Mundesley and other places in Norfolk to a second period of 
depression. There is little or nothing to bear witness to a 
recent re-elevation. Farther north, or along the maritime 
margin of Lincolnshire and Yorkshire, there are clear proofs of 
this recent upward movement. 

The post-juiocene strata of Yorkshire and Lincolnshire have 
recently been studied bv Messrs. Wood and Rome, whose paper 
is published in the 24th volume of the " Quarterly Journal of 
the Geological Society of London." The structure of the 
district is so complicated that we cannot go into details to 
correlate the various beds with those met with on the other 
coasts of Qreat Britain ; the difficulty is, moreover, enhanced 
by the scantiness of the fossil evidence. Stating the succession 
of events in the briefest manner possible, it appears that there 
was first a time when the land was high and covered with ice, 
which, sliding outwards towards the sea, ground down the 
oolitic, liassic, and cretaceous formations, carving out the bolder 
outlines of the country, forming great funnel-shaped valleys, 
and covering the high lands with a layer of an exceedingly 
chalky-white clajr, entirely free from foreign boulders, unstra- 
tified and unfossiliferous. This deposit is just such a one as 
we should imagine would represent in a district abounding in 
chalk and limestones the true boulder clay of Scotland. Then 
followed a period of considerable depression, during which a 
series of pu£ple clays with associated gravels and sands were 
deposited. The material composing these appears to be the red 
rocks of central England. The purple clays are in marked 
contrast with the white clay, not only as regards the colour, but 
also in containing northern boulders. The next deposits 
consist of another series of gravels and clays, termed by the 
authors Hessle, which occurs under circumstances implymg a 
minor depression of the district This we should be disposed 
to refer to the same period of depression, since, so far as we can 
gather, there is nothing below the Hessle series to indicate an 
immediately antecedent period of elevation. That there was 
an upwMd movement after the deposition of the Hessle cl&j 
is not improbable, if we consider the relations which this 
clay has wdth some of the deposits near the shore. These 
relations are thus described by Messrs. Wood and Rome : — 
" On the eastern slope of the Wold, however, at Kirmington, 
in north-east Lincolnshire (ten miles south of Hull), and at an 
elevation (as we estimate) of between 100 and 150 feet above 
the sea, corresponding to the higher limits of the Hessle clay, 
there occurs a deposit which, unless it belongs to that clay, 
and forms an estuarine portion of it, as we infer it does, has 
no place in the coast section. This deposit consists of a brick 
clay, interbedded with sands and capx)ed by a thick bed of laige, 
rounded, or beach-rolled flints. The clay has yielded some horns 
of a Cennu, and also the estuarine or littoral moUusca, Scrdbicula' 
ria piperata and MytUus edulis. Its isolated character (although 
we oelieve that it extends into the adjoining parish of Great 
Limber) coupled with its estuarine faima, and its occurrence at 
almost the extreme limit of elevation to which we have been 
able to trace the Hesde clay, as well as the apparent continuity 
which it has horizontally with that clay, conspire to indicate 
that it is a portion of the Hessle clay formation.'* Assuming, 
then, that this peculiar deposit is the estuarine condition of the 
Hessle clay, we mid that at Uidl there are the remains of an ancient 
forest, the trees of which grew on a surface formed partly of the 
Hessle clay and partly of an estuarine silt The trees are over- 
lain by 20 feet of the silt abounding throughout in shells of 
Scrobicularia piperata, Tellina solidulay Cardvwm eduU, Littorina 
littorea, &c. As this forest is now from 20 to 37 feet below high 
water mark the period of elevation would seem to have been 
subseauent to the Hessle day. The troughs filled with gravel 
underlying the same silt probably belong to the same period. 
That there has been a subsequent depression and re-elevation is 
clear, since a large portion of the fens and low marshy lands of Lin- 
colnshire are formed of this silt Before leaving the East of Eng- 
land, allusion mav be made to the great sheets of rolled-flint gravel 
spread over considerable areas in various parts of the country, 
and which are evidently older than the valley gravels. The thick 
deposits called the * Thames gravel ;' the gravel of the Cambridge- 
shire and Lincolnshire Fens ; and that which extends for many 
miles along the foot of the Yorkshire wolds, are all examples of 
the deposit we refer to. Some, and probably all, of the gravels 
belong to the same period as the boulder clays of Norfolk and 
the Hessle clays of lincolnshire ; moreover, certain facts which 
cannot be detailed here would lead us to infer the probability 
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that thev belong to the same geological phase as the drifts of 
Strethil^ Moel Tryfane, and Macclesfield. The gravels were 
formed when the land was so depressed that the sea extended 
in great bays up the broad eastern valleys ; thus it extended up 
the valley of the Thames as far as Maidenhead ; it filled the 
low lands surrounding the Wash as far south as Cambridgeshire ; 
and it flowed up the basin of the Humber almost as far as Notting- 
ham on the south, Doncaster on the west, and Yorkshire on the 
north. They were derived in great measure from the more 
central parts of England as well as from the great promontories 
which separated the above-mentioned Ixiys. These bays are 
called areas of denudation by Mr. Wood. One of these 
promontories now forms the Wealden area, and in the opinion 
of Mr. Wood much of the denudation of that area has taken 
place during the glacial and post-glacial times. In connection 
with this, the question suggests itself whether the gravels of 
Pevensey flats and of Romney Marsh may not have been de- 
rived from the waste of the old Wealden district, before the for- 
mation of the present river valleys and valley gravels. 

The history of the world during the post-pliocene period is so 
vast a subject that it is impossible to describe it fuUy in a single 
article. In order to make out the physical geography only of 
the period we should require to proceed from country to country, 
determining what lands were above and what below the sea. 
And to correlate the strata of each, we should have to trace out 
the old river valleys, lakes, forests, and estimate the amount of 
denudation which has taken place. We should meet with 
the lava streams and pumiceous ashes which issued from the 
then active volcanoes, many of which are now nothing more than 
decaying craters. In addition to all this, we should have to 
study the faunas and floras, in order to ascertain how they were 
distributed, and in what respects that distribution diflered from 
the one at present prevailing. France, Germany, Switzerland, 
Norway, Sweden, Russia, North America, ana many other 
countries, possess strata of this age. In most of them we find 
that they nave been subjected to a series of depressions and 
iipheavals so remarkably coincident with those of Great Britain, 
that we need not hesitate to refer them to some common cause. 
A few examples from localities far apart is all we can give 
in support of this assertion. The following summary by 
Sir Cnarles Lyell of Morlot's observations on the successive 
phases of glacial action in the Alps will answer for that part of 
Europe. He remarks that the phases which are plaimy ob- 
servable are four in number. First (1), there was a period when 
the ice was in its greatest excess, and the glacier of the Rhone 
not only reached the Jura, but climbed to the height of 2015 
feet above the level of Neufchatel, and 3450 feet above the 
sea. Next (2) there came a time when the great glaciers re- 
treated within the Alpine valleys so as to disappear entirely, not 
only from the Jura mountains, but also from all the low country 
between them and the Alps. The diminution of the glaciers is 
attributed to a general subsidence of the country of at least 1000 
feet During this period the stratified masses oi sand and gravel, 
called the ' ancient alluvium,' were arranged and accumulated by 
means of rivers and lakes. (3) Again the glaciers advanced 
and lengthened without, however, attaining their former huge 
dimensions. (4) A second retreat followed, and tiie glaciers 
shrunk up into their present limits, their dissolution giving rise 
to another accumulation of stratified gravels, which now form 
terraces above the alluvial plains of existing rivers. Represen- 
tatives of all these four periods are sometimes to be seen in one 
locality, as, for example, in the gorge of the Dranse, near 
Thonon. There the lowest bed is a boulder clay (1) twelve feet 
thick and containing blocks of Alpine limestone. It is covered 
by 150 feet of reguBirly stratified layers of pebbles. (2) Above 
this is another boulder-clay (3), witn erratic blocks and striated 
pebbles. And at a short distance off terraces of stratified 
gravels and sands (4) occur at heights of 20, 50, 100, and 150 
feet above the level of the Lake of Geneva, whose position 
shows that they are newer than the second boulder-clay. In 
some of the terraced deposits remains of Elephas prvrmgenius 
have been discovered. Near this place there is the delta of the 
Tiniere, which is known to correspond in age with the 50 
feet terrace. In this delta have been found layers of antique 
relics, arranged in chronological order, beginning with those of 
the Roman period near the top, and ending with those of the 
stone age at a greater deptn. Sir Charles Lyell says that 
'' upon the whole it is impossible not to be struck with an 
apparent correspondence in the succession of events of the 
glacial period of Switzerland, and that of the British Isles, 
before desQribed, The time of the first Alpine glaciers of 
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colossal dimensionB, when that chain was perhaps several 
thousand feet higher than now, may have agreed with the first 
continental period, when Scotland was invested with a universal 
crust of ice. The retreat of the first Alpine glaciers, caused 
partly by a lowering of that chain, may have been synchronous 
with the period of great submergence and floating-ice in 
England. The second re-elevation of the Alps may have 
coincided in date with the re-elevation of the Alps as well 
as of the Scotch and Welsh mountains ; and lastly, the final 
retreat of the Swiss and Italian glaciers may have taken place 
when man and the extinct mammalia were colonising the 
north-west of Europe and beginning to inhabit areas which had 
formed the bed of the glacial sea durinc the era of chief 
submergence. But it must be confessed, that in the present 



so that in the United States it increased from the Bouthem 
limits of the drift area to the Arctic legionB ; while in Emope 
its amount M)pear8 to have been in some way dependent upon 
the height ofthe land. The enormous width of North Amfnc a, 
and its great height as compared with Great Britain, fecilitate 
the comparison of the contemporaneity of the submarine, marine, 
and supra-marine deposits ; whereas in Great Britain they aie 
so disconnected that it is difficult to prove that the supra-marine 
formations <rf southern England are of the same age as some of 
the submarine beds farther north. In the North American area 
the valleys and valley deposits appear to have been formed at a 
somewhat earlier phase than in England. The various strata 
in Canada have fiie names indicated in the following table. 
They are arranged in divisions, of which the uppermost 



state of our knowledge, these attempts to compare the chro- (HI.) is probably the Canadian equivalent of Jamieom s 
noloeical relations of the periods of upheaval and subsidence of fourth and fifth periods; that marked II. is the equivalent of Je 
areas, so widely separated^as are the mountains of Scandinavia, glacial marine beds ; Mid that marked I. «)rre8pand8 to the 



the British Isles, and the Alps, or the times of the advance 
and retreat of glaciers in those several regions, and the greater 
or less intensity of cold, must be looked upon as very conjec- 
tural" 

Most of the deposits of France, Spain, and central Europe, 
consist of boulder-containing clays, gravels, sands, and loess 
similar to the beds at Thonon in general character, and, like 
them, they contain an assemblage of terrestrial animals and 
shells mingled with fresh-water species. In the great majority 
of cases they occupy the river valleys. Most of the contents of 
the caves in the same area appear to have been introduced 
durinff this period ; and these, together with the stratified 
deposits, give frequent indications that the climate was on 
the whole colder than at present, and that the country was 
subject to great inimdations, and was provided with an enor- 
mous lacustrine area. 

In North America geologists have recognised, (1) a glacial 
period, during which tne boulder clay was formed. Dana dis- 
cusses the question whether it is due to icebergs, as urged by 
one party of geologists, or to glaciers, as urged by a second ; and 
he decides in favour of the glacier theory, although icebergs may 
have been the cause of some of the phenomena along the margin 
of the land. He believes the land was much higher than now, 
and that the ice was a continuous sheet thousands of feet thick 
over Canada and the more northern of the United States. Next 
came what is called the ' Champlain epoch ' (2), which is repre- 
sented by fluviatile, lacustrine, and marine formations. The 
marine strata, eontajning shells, have been traced to various 
heights above the sea level, 100 feet near Brooklyn, 393 feet on 
the shores of Lake Champlain, and upwards of 400 feet on the 
Ottawa river. At heights much greater than this they pass im- 
perceptibly into the lacustrine and fluviatile strata. Iney con- 
sist 01 loams, clays, and gravels, which in some cases have the 
same laminated character as some of the glacial marine beds of 
Europe ; like them, also, they are fr^uentlv overlain by 
curiously contorted strata. The formation is in places thousands 
of feet thick, and its upper level gradually diverges from that 
of the river or of the sea as we ludvance north. Thus in the 
case of the fluviatile deposits the upper level is 35 feet 
above the river at Newhaven ; 36 miles farther north, at 
East Hartford, in Connecticut, the difference is 40 feet ; and 
then the difference gradually increases, imtil at Willimannsett, 
in Massachusetts, 178 miles north of East Hartford, it amounts 
to 194 feet, and at Hanover, still further north, to 216^ feet. 
On the north shore of Lake Superior the upper level is 330 feet 
above the lake. The same thing is observable in the marine 
beds : thus at New York they extend to 15 feet above the sea 
level ; at Montreal to 450 feet ; and in Barrow's Straits in the 
Arctic regions to 1000 feet above that leveL The continent 
during tms period was depressed, the amount of depression 
increasing from south to north. During this period the glaciers 
diminished, and many of the valleys scooped out in the pre- 
ceding period were filled with debris. In the next (3) or 
^Terrace' epoch, the land was re-elevated, the beds of the 
Champlain period were cut down into terraces by rivers, and the 
present river vallevs formed. Subsequent to these there are 
beds belonging to the age of man ; such are the flats, deltas, sea- 
beaches, and sand drifts which line the coasts, and the shelly 
marls and peats which occur in the more inland districts ; not- 
withstanding a few points of difference, there is an evident 
^resemblance to the European deposits of the same age. There 
are the same up and down movements, and the same signs of a 
gradual amelioration of the climate. The depression is most 
^narked wh&re the mow ^n4 ^c^ njrgre thickest and most enduring, 



boulder clay of Scotland. The beds under division II., occur- 
ring in East Canada, are chiefly submarine, and those occurring 
inW est Canada are chiefly supra-marine. 

in. 

Shell marl ; calcareous tufa ; peat ochres ; bog iron and 

manganese ores. 
Modem alluyions. 

n. 

East CANAnA.. 



West Canada. 

Algoma sand. 
Ailemida gravel. 
Baugeen fresh water clay and 
sand. 

Erie clay. 



St. Maurice and Sorel sands. 
Saxicara sand of Montreal. 
Upper sand and gravel of Beaufort 
Upper Champlam olays and sandi 
of Yermont. 

Leda clay of the St. Lawrence and 

Ottawa. 
Lower shell sand of Beanfort. 
Lower Champlain chiy of Yermont 



L 

Boulder formation, or glacial drift. 
Auriferous drift of Eastern Canada. 

In reading the foregoing paragraphs a fre<iuent nse of such 
expressions as 'geological pnase/ 'representing,' and * equiva- 
lents,' are appliS to strata of different areas. They are em- 
ployed for want of better terms, and seem to require some 
explanation. It will have been noticed that eacn countxy 
referred to has passed through a series of changes in the same 
order, and that certain beds or formations have been produced 
during each change. These are said to be the equivalents or 
representatives of each other because they occupy the same place 
in the succession of events, but it is by no means to be inferred 
that we regard them as contemporaneous. The question ia pur- 
posely left open. It has yet to be proved what their dates are 
relatively to each other. It is possible, and probable, that beds 
of every geological phase were forminc in various parts of the 
globe at the same time. The carse clay of Scotland may have 
Been contemporaneous with the boulder day of some parts of 
the Arctic regions. We imagine those beds were forming at the 
same time which were situated in the same climatal zones, and 
that the glacial marine beds, for example, were deposited earlier 
in the south than in the north. However, these are questions 
with which we have nothing to do. The main conclusions to 
which we are led are, that there is a marked geological se- 
quence ; that we can form a fair estimate of the geologiod age of 
a series of strata by a careful consideration of the circumstances 
imder which they occur; that there has been but one cold 
period, not two as some geologists have contended ; and that the 
climate became warmer by degrees. The apparent alternation 
of temperature arises from the land having been higher at one 
time than at another, and the glaciers more extended when the 
land was high. Nevertheless, were is no proof that at the same 
height above the sea the general climate was more severe during 
the second period of elevation than during the previous period 
of depression. In South America, also, there appear to be beds 
which are analogous to, if not the direct counterparts of^ those ot 
North America. Boulder clays abound from Cape Horn to 
several degrees farther north ; boulders cover vast areas as far 
north as the 41st degree of south latitude ; and fosdliferous 
gravels, sands, and clays stretch from the sea to several hundreds 
of feet above it, some of which constitute the soil of the great 
Pampean plains. From their nature, mode of occurrence, and 
fossil contents, these may be regarded as illustrating the same 
condition of things as the boulder days and glacial marine 
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Order. 



Bimana. 
CamiTora. 



Artiodactyla. 



Perissodactyla. 



Proboscidea. 



depoots of this country. Their ages may be approximately the I mammalian fauna 
same, but on thJB point it would be premature to give a decided 
opinion imtil we nave correlated chronologically the strata of 
the eastern and western hemispheres, a result which geologists 
will accomplish ere many years nave elapsed. 

Much that relates to the post-pHocene period has been left 
unsaid, but the deficiency is in part made good in the articles 
relating to man, bogs, submarine forests, caves, and glaciers. 
We must now turn our attention to theoisanisms of the period, 
with a view to determining how far they do or do not corrobo- 
rate the inferences drawn fiom the etratigraphical details. This 
part of the inquiry also has its difficulties, and too much stress 
should not be laid upon the conclusions founded upon a narrow 
basis, although they may be couched in highly positive expres- 
sions. For example, the mere fact of a flint implement having 
been found beneath the leg of a cave bear or a tichorine rhino- 
ceros, in which every bone retains its natural position, is not 
necessarily a proof that the man who made the implement lived 
at the same time or before those animals. For if the bed in 
which they are found be among the earliest deposited after the 
long period of cold, we ought to be thoroughly satisfied that the 
old rhinoceros had not been preserved in ice for centuries before 
its remains were transferred to the place where we find them. 
Manv reasons exist for believing there was such a period of cold 
in the districts where such phenomena are met with ; and 
Siberia affords abundant evidence that bodies belonging to 
extinct species, such as the tichorine rhinoceros, yet retoin not 
only the ligaments uniting the bones, but even tne flesh entire. 
Aeain, we ou^ht to be prepared to careMly sift the evidence 
relating to extmct mamnialia, more especially saich as are found 
in the true boulder clays, and in the strata immediately overly- 
ing them. We know that a large portion of the laaid in high 
latitudes has been planed down and moulded by ice, and if there 
were any strata belonging to the warmer period immediately 
preceding the climax of the glacial period, we should naturally 
expect to find both them and their oiganic contents mingled to a 
greater or less degree in strata of a later date. Derived fossils 
are known to be frequent in all beds of post-pliocene age. There 
is no difficulty in recognising those which belong to the mesozoic 
and palaeozoic rocks ; but there is a difficulty m distinguishing 
between the fossils belonging to the early and middle portions 
of the post-pliocene periods, and, so far as we are aware, few 
attempts have been made to separate them. The difference in 
date would be comparatively unimportant £rom a geological 
point of view, although it might amount to thousands of 
years. 

Dim as are the conceptions we have of the fluctuating form of 
the land of the post-pliocene period, of the physical events 



sufficiently bizarre picture of Europe 
from a broad point'of view, it was at one time a continent so con- 
nected probably with other continents, that an animal could walk 
from Cape Horn through Greenland and Scandinavia to the Cape 
of Good Hope ; and from the Cape of Good Hope through Pales- 
tine, the plains of Asia, and across Behring's Straits, back again 
to Cape Horn. He would traverse ice-fields, compared with 
which those of the present day are but puny representatives, and 
forests of imusual grandeur. The contment would give place to 
a wilderness of islands, and would again reappear to be clothed 
with woods, ice-fields, and lakes. The mammalia of the period 
were constructed on a gigantic scale, and all the lands south of 
about 55"* N. lat. supported a great variety of species, many of 
which flourished in coimtless nerds. Thus in that small area 
which is now called the British Isles, there lived contempo- 
raneously upwards of forty species, or many more than are to be 
f oimd there now. Not only this, but what is still more remarkable, 
many of those species were of vast dimensions, and belonged to 
genera, some of which are only represented now in the far north, 
while others are met with in the far south, as in India, South 
Africa, and South Asia. 

On glancing over the following list, the mammalian fauna of 
the period has what we may call a continental facies ; some of 
the genera are represented by their largest species ; and the cha- 
racteristic genera of the present continent and Africa had a wider 
range, more especially towards the nortL Another feature will 
also be noticed, which is without a parallel, so far as intensity 
is concerned, in the present geographical distribution of mam- 
mals; viz., that genera with the largest individuals are represented 
by several species on the same area which have almost coincident 
range. 



Cheiroptera. 
Insecdyora. 

Bodentia. 



OF THE BRITISH ISLES IN POST-PLIOOBNB 
TIMES. 



Qenufl and species. 

Great Britain, 

Homo. 

TJrsus arctos. 

tJ. speheus. 

II. ferox. 

Meles taxus. 

Oulo loscuB. 

Mustela erminea. 

M. putorius. 

M. martes. 

Lutra Tulgaris. 

Canis vulpea. 

C. lupus. 

Hyaena spehea. 

Fells catus. 

F. lynx. 

F. (antiqua) pardus. 

F. leo, var. spelseus. 

Kachairodus latidena. 

Megaceros Hibemicus. 
Alces malchis. 
Cervus tarandus. 
C. Browni. 
C. capreolus. 
C. dicranios. 
C. elaphus. 
Oribos moschatus. 
Bos primigenius. 
Bison priscua. 
Hippopotamus major. 
Sus scrofa. 

Equus fossilis. 
RninoceroB etrusous. 

B. megarhinuB. 
£. Mercldi. 

E. tichorinus. 

Elephas meridionaUs. 
E. priscus. 
E. antiquua. 
£. primigenius. 

Rhinolophus ferrum cquinum. 
Yespertuio noctula. 

Sorex moschatus. 
S. vulgaris. 
Talpa europsBa. 

Lemur sp. 

Lepus cuniculus. 

L. timidus. 

Lagomys snekeus. 

Spermophuua erythrogenoides. 

S. citillus. 

Arvicola pratensis. 

A. agrestis. 

A. amphibia. 

Mus musculus. 

Castor trogonthenunu 

C. fiber. 
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In the corresponding latitudes of eastern Europe 28 species 
of post-pliocene age are known. Most of these are iden- 
tical with English species. Amongst others may be citecL 
Ursus spelceuSy Mustda martes, Lutra viUgaris, Canis vulpes, U, 
lupuSy Uycena speloM, Felis spelctay Cervus tarandus-. Bos primi- 
genius, Bison priscus, Merycotherium, Su^ scrofa, Equus fossilis, 
Elasmotherium, Rhinoceros tichorinus, Elephas primigenius, and 
representatives of the dormice, hamsters, voles, and rabbits. In 
general features the faunas were similar in both places, but 
whereas Hi]^popotamv>s and Machariod/as have not as yet 
been foimd in the east, so Merycotherium and Elasmotherium 
appear to be absent in the west. Again, the cave bear was un- 
usually abundant in the east, while the cave hysBna was com- 
paratively rare. In England, the hysdua was abundant 

In France, the fauna was very similar to that of England as 
indicated by the foregoing table, but in addition to these, there 
were some which have not been recorded in the English post- 
pliocene deposits. They are, Capra hispanica, Antilope ru/' 
capra, Antilope Saiga, Castor europceus, Arctomys marmota, Arct, 
n. sp., Felis lynx, Felis sp. allied to the leopard, and Hyasna 
striata. In the southern part of France, as along the slopes of 
the Pyrenees, the caverns and the ossiferous strata in the river 
valleys contain the remains of certain species which connect the 
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fauna of England in the post-pliocene age with the African 
fauna of the present day. Thus, m the caverns of Aurensan, the 
African rhinoceros and lion, or animals scarcely different from 
them, have left their remains in association with the mammoth 
and its associates. M. Lartet, who has so long and so success- 
fully studied the palaeontology of this period, hai convinced him- 
self, not only that certain species came in and died out during 
this epoch, but that, so far as France is concerned, he has been 
enabled to trace the order in which they disappeared. This 
order serves as a kind of chronological table, and if confirmed, 
will be exceedingly useful. His idea of the relative antiquity 
of those species is expressed in the following list, in which the 
first-mentioned was the first to disappear from the soil of 
France, either by extinction or by emigration to other lands, 
and the rest followed in t^e order indicated : — 



1. 



2. 
3. 
4. 



UrsuB Bpelaeus. 

Felifl speleus. 
' Elejphas primieeniuf . 

BhinoceroB ticnoriiius. 
' MegaceroB HibemicuB. 

Cervus tarandus. 

Bison priBcuB. 

Bob primigenius. 



It is not settled that their departure was precisely in the order 
given, but the sequence is considered to be well marked for the 
KTOups bracketed together. Man appeared before the last on the 
Est had retired from the country, but it is a disputed point how 
much earlier he may be traced back. Some beheve that he was 
the contemporary of the old cave-bear, and others will not 
admit that he dates further back than the age of the rein-deer. 
The evidence upon whichboth these conclusions are based, is nven 
under Man, E. C. S. In examining the fauna farther south, or 
that of the Mediterranean area, we come upon fresh links with 
the fauna of the continent to the south of it, in the form of the 
African elephant, and the greater abundance of Hippopotamus 
major; while new species (such as a new species of Lagomys and 
a pigmy elephant), unlmown further north, give a peculiarity to 
the district. In Ainerica there were two well-marked faunas, one 
of which prevailed in the north, and the other in the south. In N. 
America, the El^has primiqenius ranged from beyond the Arctic 
circle as far south as tne Alleghany mountains, and was replaced 
from there to Mexico and Peru by E. columbi. Mastodon gigan- 
ttu/nif which generally accompanies the mammoth in America, is 
one of the most characteristic forms of that continent ; although 
in Europe the genus appears to have died out before post- 
pliocene times. The Castoroides ohioensis represents the Euro- 
pean beavers. The horse had its species, but these were different 
fiim those of Europe, and they oied out before the advent of 
the white man. The genus Bos. was represented by several 
species ; amongst which, B, IcUiJrons, whose remains occur in 
tne valley of the Mississippi, is the best known. It far exceeded 
the recent bison in size. There was also a stag^ C, americar 
nusy more eigantic even than its congener the Irish elk, herds 
of which flourished in the same area that supported Equus 
americanus, the giant of the equine group. The feline tribe 
was represented by Felts atrox, a lion oi a larger build than the 
cave-lion of Europe. The remains of the bear have been rarely 
foimd. A tapir, T. mastodontoides has been found in Kentucky, 
and an animal nearly allied to it, called Uarlanus americaniu 
by Owen, in Georgia. The peccari has also been detected in the 
same district as the tapir. Associated with these, were a 
number of forms which give a peculiar aspect to the fauna of 
North America. They comprise forms of edentate creatures, allied 
to the ant-eater and armaduloes of the present day, but the rivals 
in size of the mammoth, oxen, and horses, with whose remains 
their own are found. Amongst others may be mentioned. Mega- 
therium mirahile, Megalonyz Jejersoni, Mylodon Hwrlani, In 
America then, as in Europe, the animals which preceded 
those which now hold possession of the land were, generally 
speaking, remarkable for their enormous dimensions ; and in 
the New World, as well as in the Old, there appears to have been 
a more nortliem extension of types which are now regarded as 
characteristic of a southern zone. In Europe, the elephant, 
the rhiiioceros, the hippopotamus, the lion, and the nysBua 
existed much farther north in post-pliocene times than they do 
now ; and in America, the edentata seem to have had a similar 
extraordinarily hish northern range. In South America, the 
Edentata were weU represented, but the fauna of this part of 
the continent was for the most part specifically distinct from 
that which prevailed in North America, in both North and South 



America, however, there appears to have been remarkably few 
carnivorous animals ; a feature in which they present a marked 
contrast with Europe, and the contrast is particularly noticeable 
between South America and Europe. As yet, but three species 
of carnivores have been found in South America, viz., a bear, 
Ursus bonariensis, similar in size to the cave-bear of Europe ; a 
feline, somewhat smaller than the common lion ; and a dog, 
which has been named Cants azarea. Amon^ the rodents there 
are Hydrochcems capyhara, which still exists, and species of 
Kerodon and Ctenomys. Amongst the pachyderms were two 
mastodons (Af. atidium and M. Stmboldtti), specifically different 
from that of the north ; two species of horse, E, neogccus and 
E. DevUUi ; and two species of Macrauchmia, viz., Af. jxUago- 
nica and M, boliviensiSf which were long-necked herbivorous 
pachyderms. The ruminants comprised Toxodon jflaUnsis, four 
species of Nesodon, and three species of Auchenia, Dicotyles 
coUaris was the South American peccari. The Edentata were 
numerous and large. The Megalonyz Jefersonii, already referred 
to as having existed in North America, extended its range as 
far south as the plains of Patagonia. The Mylodon had two 
southern representatives, named Darwinii and robustut. Closely 
allied to the Mylodon in structure was its congener, Lestodan, of 
which two species have been recorded. The Scelidotherium Upto- 
cephcUum appears to have been a larce ant-eater. Megathertum 
had two species in the south, viz., M, Cuvieri, and another not 
named. Glosostherium appear to have closely resembled the 
recent aard-vark. The genus Olyptodon, of which several species 
have been foimd, was remarkable for the huge massy carapace 
with which it was provided. Sckistopleurum, was another genus 
having the same peculiarity. Many of these, together with 
other species, have been exhumed from the Brazilian caverns ; 
and among tnem were several camivora, such as moderate-sized 
felines, dogs, &c. The most remarkable is a species which has been 
considered to be first a Utfasna^ then a new genus, Smilodon, but 
which is said to yield the characteristics of a Machairodus, The 
deposits of South America, exclusive of the Brazilian caverns, 
have yielded 36 mammalian species, of which 3 were camivora, 
4 rodents, 14 pachyderms and ruminants, and 15 edentata. In 
the caverns there have been detected the remains of 115 species, 
distributed as in the following table ; in the last column we 
have added the number of species still existing in Brazil, in 
order that the general character of the 135 species now living 
may be compared with the older fauna. 

Quadrumann . 
Cheiroptera 
BodentB . 
MarsupialB. 
Camirores 
BmninantB. 
Pachydermata 
Edentata . 

The Australian continent, whose present fauna and flora is so 
distinct from that of other geograpnical areas, appears to have 
been characterised by its mammals being chiefly marsupials, — a 
peculiarity which some think may be explained by its having 
oeen long separated from all other parts ot the world. In 1844, 
StrzelecH described a tooth, which was bought from an Austra- 
lian, and was said to have come from the plains of the interior. 
This tooth is unquestionably that of Mastodon andium; but, 
considering the source from which it has come, and the im- 
portant bearing which the occurrence of a mastodon tooth in 
Australia would have upon the prevailing notions respecting the 
geographical distribution of animals, as well as the past history, 
we should do well to pause with Dr. Falconer before accepting 
the discoverv as a genuine addition to science. With this 
exception, all the remains which, from their position and 
mode of occurrence^ may probably belong to the post-pliocene 
period, are marsupials. Most of them belong to genera still 
represented in Australia, but the others are now restricted to 
Van Diemen's Land. Thus Dasyurus, of which one species now 
occurs in Van Diemen's Land, was formerly represented in 
Australia by D. laniarum; and ThyUicinus, now restricted to 
the same small neighbouring island was formerly represented in 
Australia bv T, sfweus. The Thylacoleo carntfez of Owen was 
a marsupial carmvore as laige as a lion. Tnere were several 
species of kancaroos, viz., Macropus affinis, M, Atlas, and M, 
Titan, of which the first was the size of the largest living 
species, and the latter two considerably superior in size ; ^m 
Jaypsiprymnus spelceus, which has been found along with the 
remains of the still living species, H, hydromis, and the dingo 
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doc. There were two wombats, viz., Phascolomys Mikhellii 
ana P. gigas, the latter as large as a tapir. There was also a 
marsupial {Diprotodon ausiralis)^ representing the gigantic 
pachyderms of other continents, and which was equal to the 
Hippopota/miis in dimensions. Nototherium inerme and N, Mit- 
chelli were species somewhat similar to Diprotodon, No mam- 
mfds have yet been reported from New Zealand, although it 
appears to have abounded in large wingless birds. 

In this rapid resume of the post-pliocene fauna, we have pur- 
posely avoided entering into the various discussions which many 
of the facts mentioned tend to provoke, nor have we said any- 
thing as to the structure of the species. Details on this latter 
branch of our subject will be found scattered throughout the 
zoological articles in E. C. and E. C. S., and those on the 
former can only be cursorily alluded to here, although some will 
be treated at greater length under other headings. One of the 
most remarkable facts connected with this old fauna, is the 
greater size of the species as compared with their most nearly 
allied recent representatives ; and this phenomenon, be it ob- 
served, is not confined to any particular continent, but is general 
throughout the world. It is Turther remarkable that the dimi- 
nution appears to have been generally coincident with the gradual 
increase oi warmth, at least, in the higher latitudes. Doubtless, 
the explanation which applies to one area will apply to all the 
others. 

We have treated the fauna of this period as a whole ; but, as 
has been hinted, some of the species only lived during a portion 
of the period. There are no indications that the fauna lived on 
for a prolonged period without undergoing change, and that 
then a number of species were swept out of existence by some 
cataclysmic disaster. It would rather appear that the process of 
extinction and of full establishment was gradual. The species 
was not exterminated at a single stroke, out its disappearance 
was in many, and probably in all, cases preceded by the 
restriction of the species within narrower limits ; or^ as some 
naturalists believe, by modifications, whereby the old form gave 
rise to some others which are now ranked as distinct species. 
Hence, in forming opinions respecting the post-pliocene fauna, it 
is highly important that we should be able to trace the precise 
stratigraphical distribution of each distinct form, whether it be a 
variety or a species, so as to be able to form a clear conception 
of the geographical distribution at various successive epochs, of 
the fluctuations which that distribution imderwent from one 
epoch to another, and of the connection between these fluctuations 
and the changes in surrounding conditions, such as alteration of 
climate, the ^lifting outline and surface contour of lands, and 
all the results which followed therefrom. 

(D'Archiac, Faune quatemaire, 1866 ; Qeikie, On the Phe- 
nomena of the Okidal Drift of Scotland {Trans. Geol, Sac. Olasgow, 
vol. i.) ; Jamieson, Q. Joum. Oeol, Soc, xxi. p. 161 — 203 ; xxii. p. 
261 — 281 ; Taylor, Binney, Wilkinson, and others in Trans- 
actions of the Geol 8oc of Manchester ; Binney, Hull, Darbishire, 
Morton, and others, in Proceedings of the Literary and Philoso- 
phical Society of Manchester, for 1861 — 1867 ; Godwin- Austen, 
Symonds, Phirnps, Startin, Brodie, and others, in Brit. Associa- 
tion Reports for 1862 and subsequent years; LyeU, Sir C, 
Elements of Oeologv; LyeU, Sir C, Antiquittf of Man ; Dana, J. 
D., Mcmual of Geology; Dawkins, Q. Joum. Geol. Soc., xxv. 
p. 192 etsea.] &c.) 

PRIMULA. Botanists have long been familiar with the fact 
that a laige number of plants develope flowers having two dis- 
tinct forms ; in the one there are stamens but not pistils, while 
in the other the pistils only are present. It is also known to 
most persons that the stamens develope an anther or case con- 
taining a powder, commonly known as pollen ; that the pistil 
consists of the ovary connected by a slenaer column with a ter- 
minating protuberance smeared over with a sticky substance, or 
the stigma ; and that for the production of a soimd seed it is 
necessary that the pollen be dusted over the stigma, so as to 
permit of their developing tubes which shall penetrate down 
the style into the ovary. If then the pollen is developed in one 
flower, and the stigmatic surface and ovary occur in a second, it 
is dear there must be some means of conveying the pollen from 
the one flower to the other. Where the two kmds are produced 
by the same plant it might be supposed tliat the transier would 
generally be effected by the wind ; and that this agency might 
suffice even when the two kinds of flowers are developed on dif- 
ferent plajits. In many cases the wind may be efficient, but or- 
dinarily the carriers are insects. In another large group of 
plants the pistils and stamens occur together in the same flower ; 
m which case it may generally be supposed there can be no diffi- 



culty in the pollen being transferred from the anther to the 
stigma by the plant itself, without the extraneous assistance of 
wind, insects, &c. Moreover, to many persons it would seem 
clear that in such plants the fertilization of the seed wiU be 
almost always effected by the pollen coming in contact with the 
stigma of the same flower by which it was itself formed. Close 
observation and careful experiment, however, tend to show that 
such suppositions are erroneous, and that the fertilization of 
seeds depends upon a far more complicated jprocess than is at first 
sight apparent. A good illustration of this remark is afforded 
by the genus Primula^ some of the species of which form the 
commonest and most cherished flowers of our meadows, lanes, 
and woods. Owing to their abundance and popularity it is not 
surprising that not only gardeners, but even cnildren have recog- 
nised that cowslips and primroses are not all alike. In each 
case there are two sets of blossoms. The gardener calls one the 
" pin-eyed," and the other " thumb-eyed ; " while the children 
select the one set in preference to the other, on account of the 
greater facility with which such blossoms can be linked together 
into necklaces. But what is surprising is that scarcely any gar- 
dener or child attempts to ascertain what the difference is, and 
in what way it is connected with the welfare of the plant. Indeed, 
it is only within the last few years that any one has given serious 
attention to such points ; and he who was amongst the first to do 
so displayed such sagacity, that the phenomena wnich he described 
and the results which he displayed, formed the basis of a paper 
which promises to be the forerunner of a most important series 
of discoveries relating to the fertilization, hybridization, and 
development of hermaphrodite plants. The observer we refer to 
is Charles Darwin. He indicates that in the " pin-eyed " blos- 
soms the tube of the corolla is a deep pit in the midst of the 
petals. At the bottom of the tube is a spherictd mass forming 
the extremity of the ovary ; from it rises a slender stalk sup- 
porting the stigma, which is just flush with, or projects slight^ 
above, the mouth of the tube, the whole reminding one of a pin 
with its point downwards, and its head just visible in the centre 
of the flower. From this circumstance we suppose the appella- 
tion " pin-eyed " is derived. About half-way up the tube, and 
attached to its sides, are the anthers, or pollen cases. Above the 
anthers the tube slightly widens outward, so as to be somewhat 
wider than the diameter of the stigma. The space thus left 
allows of the introduction of the thread. Mr. Darwin calls this 
set of flowers the long-styled. In the " thumb-eyed " set, the 
style is so short that the stigma it supports only reaches the same 
height in the tube as the anthers m the long-styled flowers. 
Above this level the tube retains its diameter until close to the 
mouth, where it slightly expands. At the point where the ex- 
pansion commences the antners are attached to the side of the 
tube, and their upper ends are level with the mouth of the tube. 
They are so closely contiguous that a thread can with difficulty 
be introduced into the tube. This set is called " short-styled " 
by Mr. Darwin. These are the main structural differences ; but 
there are numerous others. Thus in the long-styled flowers the 
sti^a is globular ; in the short-styled it is oblong ; in the long- 
styled group the stigma has a rougher surface, the pollen grains 
are much larger, as well as differently shaped, than in the short- 
styled plants. The same phenomena are observable in many 
other species of Prvmuta, but not in all, as also in many other 
genera. The short-styled plants generally produce a greater 
number of seeds than the long-styled. Hence we see that the 
diffierence of structure is accompanied by difference of fertility. 
In some species, which will be referred to hereafter, the stigmas 
and anthers are on the same level. However, confining our atten- 
tion, for the present, to the long-styled and short-styled plants, 
we would mention that the arrangement of the anthers above the 
stigma in the short-styled flowers appears to be exceedingly 
favourable to self-fertilization of the flower by the dropping of the 
pollen when the anthers burst ; while that which prevails in the 
long-styled form, where the stigma projects far above the anthers, 
would be imfavourable to any self-fertilization, or even fertiliza- 
tion at all, supposing currents of air to be the chief pollen carriers. 
By a series ot experiments which cannot be detaUed here, Darwin 
proved that the fertilization is mainly effected by the pollen 
which is carried about from flower to flower by insects. He 
pointed out in what way the similarity in the height of the 
anthers of the one set of flowers with that of the stigma in the 
other, insures the pollen being transferred to the stigma ; and 
makes the following observation on the subject : — '' In all the 
species of Primula, the pollen readily coheres to any object In 
all that I have observed the pistils and stamens differ in length 
relatively to each other, in the different species; yet in the two 
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fonns of the same species, the stigma of the one form stands at 
exactly the same height with reference to the corolla as the 
anthers of the other form. If the proboscis of the dead humble 
bee, or a thick bristle, or rough needle be pushed down the corolla, 
first of one form and then of the other, as an insect would do in 
visiting the two mingled form& it will be found that pollen from 
the long-stamened form will adhere round the base of the pro- 
boscis, and will be left with certainty on the stigma of the long- 
styled form ; pollen from the short stamens of the long-styled 
form will also adhere a little above the tip of the proboscis, and 
some will generally be left on the stigma of the other form. 
Thus pollen will be caixied reciprocally from one form to the 
other. In withdrawing the proboscis from the long-styled form, 
with pollen adhering near the tip, there will be a good chance of 
some Deing left on tne flower's own stigma, in which case there 
will be sell fertilisation ; but this by no means always occurs in 
the short-styled form ; on the other hand (and it is important to re- 
member this), ininserting the proboficisbel^een the anthers situated 
at the mouth of the corolla, pollen, as I frequently found, is almost 
invariably carried down and left on the flower's own stigma. More- 
over, minute insects, such as Thrips, numbers of which I have ob- 
served in primrose flowers thickly dusted with pollen, could notfail 
often to cause self-fertilisation. We positively know that the 
visits of large insects are necessary to the fertilisation of 
the species of Primula ; and we may infer from the facts just 
civen that these visits would carry pollen redprocallv from one 
form to the other, and would likewise tend to cause self-fertilisa- 
tion, more especially in the short-styled (i.e., long-stamened) 
form.'' Such observations naturally suggest two questions ; of 
which one refers to the kind of insects which mostly frequent 
such flowers, and the second to the diverse results which may 
follow from the different ways in which the pollen can l>e 
applied. As regards the first question, it seems that, so far as 
du^t watching has gone, insects have rarely been seen to 
visit primroses m the day time, so that Darwin conjectures that 
moths, or the insects which fly about in the twilignt hours, are 
the pollen carriers* Observations are much wanted on this point 
As regards the second question, the results vary in a remanLable 
degree from great fertility to absolute sterility. In the case of 
the primrose and cowsHp the greatest number of seeds are 
formed when the pollen is trau^'erred from the anther of one 
flower to the corresponding stigma of another, that is, those 
which have the same relative position. This kind of union is 
designated /i«^omorp^, as distingmshed from the homomorphicy 
in wnich the pollen is transferred from the anther to the stigma 
of the same flower. Curiously enough many of the homo- 
morphic unions are less fertile than the crosses between two 
distmct species. The pollen has different degrees of power 
according to the mode of union. Experiments have been carried 
out to ascertain the relative results of homomorphic and hetero- 
morphic unions both in the same and in different species. It 
would be difficult to make these plain without many aetails and 
tables ; but Messrs. Darwin and bcott have arrived at some re- 
markable conclusions. Tlius it is foimd that some of the unions 
between different species are more fertile than many of those 
between flowers of tne same species. If this is true, either the 
old physiological test of a species must be abandoned, or 
botanists have entirely failed to make out what are the marks 
of specific distinction. In order to give the reader some idea of 
the present state of the inquiry, we give Mr. Scott's summary of 
the results of his experiments. " The species of Prvimda are 
variously estimated oy authors, many of the forms reputed 
specific Dy one being considered as mere varieties by another. 
Steudel, for example, in his ' Euumeratio Plantarum,' admits 85 
species, whereas De Candolle (* Prodromus ') gives only 61 — a 
Terence of 24 doubtful forms. Of these varieties or species, 
then, I have given the sexual characteristics of 54 ; 36 of which 
are truly dimorphic, presenting both long and short-styled 
forms ; 13 in which the long or short-styled forms have alone 
been observed by me ; and 5 species and one variety, with non- 
dimorphic characteristics, that is, presenting stamens and pistils 
of an equal length. The allied genera, ^o^^<mta and Aretia, 
have also truly dimoiphic species ; whereas other allied genera, 
DodeccUheon, SoldaneUa, and Cartfuiiaf axe very g^ierally charac- 
terised by species presenting the structural characteristics of the 
long-styled forms only, without, however, any decreased fertility 
arismg from their hermaphrodite conjunctions. The general 
differences of the two sexual forms may be thus briefly summed 
up. Firsts the long-stvled forms have pistils equalling in length 
the tube of the corolla ; stigmas usually Iai;^er and rougher ; 
stamens attached to, or frequently below, the middle of the 



corolla tube, whose diameter is thus expanded upwards ; pollen 
grains generally smaller and more transparent. Secondly, in the 
short-styled form the pistil is short, not rising above half wav up 
the corolla tube ; stigma generally smoother and depressed on 
the summit ; stamens atta<3ied to the mouth of the corolla tub^ 
causing an abrupt expansion ; pollen grains generally larger and 
more opaque. According to all the trials these structural differ- 
ences are accompanied by equally remarkable functional differ- 
ences, the pollen of the long stamens being alone adapted to 
fertilise the long pistils, and the pollen of the short staznens the 
short pistils. JBy applying, on the other hand, either form 
pollen to its own form stigma, i.e,, effecting a homomorphic union, 
the degree of fertility relatively to the aoove, or heteromorphic 
union, is gieatly decreased. Analogous, though less Btriking, 
functional differences, however, occur without any appreciabk 
change of structure, as shown by the P. verticillata, e,g., yielding 
a much higher grade of fertility by its dicecious than its herma- 
phrodite conjunctions. Such an instance from a genus whose 
members are generally characterized by a sexual dimorphism, 
naturally leads me to regard it as indicative of the acquirement 
of similar characteristics. An objection to this view may be 
urged from the occurrence of species which, having no immediate 
affinity with any structurally dimorphic species, nevertheless 
present individuals incapable of fertilisation by own pollen, 
though perfectly susceptible to reciprocal fertilisation, eiUier 
with another individual of the same species, or one of a diBtinct 
species. To this category, at least, those who disbelieve in the 

fenetic affinities of organic beings will no doubt refer the case of 
\ verticillata, and simply regara it as further illustrative of our 
ignorance of the conditions upon which sterility, in its varied 
grades, depends. Those, on the other hand, who believe in the 
existence of these genetic relations, will look with intelligent 
interest upon these functional peculiarities of the P. verticiUata, 
and regard them, mayhap, as the primary indicationa of a 
tendency to assume those remarkable sexual characteristica of 
the correlated species, and thus presenting an illustration of 
incipient dimorphism. The usual differences in the fertility 
of the heteromorphic and homomorphic unions will be hest 
appreciated by giving the mean results from the unions of 
several species. Thus taking the five heteromorphic and homo- 
morphic unions given above, namely, P. avricukt, Sikkimensis, 
cortusoidesy involucratay and farinosoy we see, from the mean 
results of these combined products, that for every 100 seeds 
vielded by the heteromorphic unions only 24 are yielded by the 
homomorphic unions; the heteromorphic thus exceeding the 
homomorphic unions in about the proportion of 5 to 3. I have 
also shown the remarkable fact tnat the pollen of a distinct 
species will produce a much higher grade of fertility than an 
ordinary homomorphic union, t.e., a flower's own pollen. It ia 
well known that A will fertilise B, and £ will not fertilise A. 
I have given several instances of this law with Primulai, I have 
also shown the new and remarkable fact that of the two forms 
of the same species, the pollen of the one, but not of the other, 
will fertilise a distinct species. For example, the long-stylea 
P. PaUrkvHi can be fertilised readily by pollen of the long- 
styled P. auricula; yet after numerous tri^ I have failed to 
effect a single union between the long-styled form of the 
P. Palnurii and the short-styled P. auricula. How utterly 
inconsistent, then, are such flEicts with the teachings of those who 
would have us believe that an absolute causal relation exists 
between the sterility from hybridism and systematic affinity. On 
the other hand, how unequivocally do these cases show us that the 

S eater or less facility of one species to unite wiUi another is, aa 
r. Darwin has sagaciously argued, * incidental on inappreciable 
differences in their reproductive systems. And that there ia no 
more reason to think that species have been specially endowed 
with various degrees of stenlity to prevent them crossing and 
blending in nature, than to think that trees have been specially 
endowed with various spid somewhat analogous degrees of diffi- 
culty in being gi^fted together in order to prevent them becoming 
inarched in our forests.' Probably the most remarkable result 
from my observations is that when the dimorphic species cease 
to be dimorphic, their reproductive functions are greatly modi- 
fied. Thus, in the case of the cowslip, for example, we have 
seen that an ordinary homomorpMc union yields about 14 seeds 
per capsule, the heteromorphic about 24 seeds per capsule, 
whereas the form with stamens and pistils of an equal length 
yields, when fertilised with its own pollen, 34 seeds per capsule. 
Thus the non-dimorphic form by its own pollen exceeds, firsts 
the homomorphic unions in the proportion of 5 to 2 ; and, secondly, 
the heteromorphic in the proportion of 3 to 2. Agsun, from the 
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four different unions of the long and short-styled forms with the 
non-dimorphic form, the seed results in each case fall consider^ 
ably below an ordinary homomorphic union; thus the mean 
results of the unions of non-dimorphic with long and short- 
styled forms is 6 seeds per capsule, whereas the pure homomorphic 
unions of the latter give an ayera^ of 13 seeds per capsule, that 
is, as 2 to 1. Connected with this are the remarkable changes 
in the fertility of the coloured varieties of the primrose, the red 
variety yieldmg no seed when fertilised by pollen of either 
yellow or white varieties ; the reciprocal crosses of these, t.e., the 
pollen of the red variety applied to the stigmas of the yellow 
and white, are also absolutely sterile. On the other hand, fertile 
unions may be effected by the reciprocal crossing of the yellow 
and white varieties, though in every case we have found that the 
average seed I'esidt of such imions is considerably under that of 
the pure unions of these forms. Whether or not the ultimate 
tendency of dimorphism is a complete separation of the sexes, 
I think we have the clearest testimony that dimorphism has not 
always been a genealogical characteristic ; and furthermore, that 
the two forms did not per saltum assume their structural and 
physiological characteristics. I here allude to the evidence 
afforded oy the non-dimorphic cowslip, namely the resumption 
of perfect hermaphrodism, and the occasional production of 
intermediate stages between this and the normally dimorphic. 
These, taking us back in the genealogical line, show us an 
original non-dimorphic progenitor, and the graduated plan by 
which it gave rise to a dimorphically characterised race." These 
conclusions are so remarkable and unexpected, that one would 
like to know what evidence some of our common species afford 
in support of them. 

(Darwin, C, Proc. Lvnn, Soc, Lond, vi., Botany, pp. V7— 96 ; 
Scott, ibid, viii., Botany, pp. 78—126). 

PSILOCARYA, a genus of cyperaceous plants, of which 
Steudel describes thirteen species, all of them American. 

PSITTACID-^ [E. C. vol. iv. cols. 476-488]. The ancient 
nations which flourished at the commencement of the Christian 
era have several allusions to parrots in their literature, as already 
noticed in E. C. ; but so far as their statements enable us to judge, 
they were acquainted with but one species, viz., PaUeomis ior- 
quatus. From the fourth to the fifteenth centuries parrots are 
scarcely mentioned ; and no new species nor new facts relating 
to old species were put on record. The revival of learning in 
the middle ages led men to search for unknown lands, and hence 
arose a desire to learn something about the remarkable plants 
and animals which came under their notice. Marco Polo was 
among the first of modems to make any mention of parrots. 
The voyages of Columbus are perhaps the earliest record of the 
parrots of America. When he was approaching land, although 
not within sight, a flock of birds, said to be parrots, passed by 
^e ship. T& instilled fresh spirits in the hearts of tne forlorn 
voyagers, who were cheered up by the words : — " Forwards, these 
birds will not lead ub on in vain." Very soon after Watling's 
Island was sighted. From this locality, as well as from the fact 
that the birds were far out at sea, it is not likely that they were 
really parrots. At the present time they are not known so far 
north in a wild state. The first parrots were brought to England 
from America in 1604: a proof that the English must have already 
extended their researches as far south as 42° N. lat. After this, 
new species were constantly being discovered and described ; 
and by the beginning of the nineteenth century they were con- 
sidered sufficiently numerous and interesting to form the subject 
of a special monograph, entitled, "Histoire Naturelle des Per- 
roquets, 1801—1803,^ written by Levaillant. He figured 137 
species, but of these only 84 are considered to be well established. 
In 1820, Kuhl's * Conspectus Psittaceorum ' was published. It 
contained descriptions of 209 species, but if those which are 
insufficiently described, or are treated under one or more names, be 
omitt^, there remain 168 which may be considered to be well estab- 
lished. In 1832 appeared the third monographic work on this 
group ; viz., Waglers * Monographia Psittaceorum.' Excluding a 
number of doubtful species, he was acqtudnted with 197 good 
psittacine species. In 1837 — 1838 a continuation of Levaillanf s 
* Histoire des Perroquets ' was brought out by Bourjot St. Hilaire, 
in which 94 species not mentioned in Levaillant's work are de- 
scribed and figured. In 1867, appeared the first part of a work, 
' Iconographie des Perro(^uets non figures dans les publications 
de LevailLant et de Bourjot St. Hilaire,' by De Souance, Prince 
Lucien Bonaparte, and Bmnchard ; twelve parts have been issued, 
but ti^e work is not finished. In 1867 appeared vol. i. of Otto 
fWch's 'Die Papajzeien ; monomphisch bearbeitet' In this 
work the numb^ of well-establiuiea species is considered to be 



360. In addition to these monographical works numerous ac- 
counts and descriptions of a moi« <x less elaborate character have 
been given to the scientific world. We can here only mention a 
few of the more important of these which have been published 
within the last thirteen or fourteen years. The 'List of the 
Specimens of Birds in the British Museum, part iii. Psittaddse, 
1869,' is an invaluable guide to the synonyms of the group. 
Wallace's explorations in the archipelagoes of the east have 
added much to our knowledge of the geographical distribution oi 
the species which reside there ; and ms remarks on the subject 
will De referred to presently. The British Museum has the 
richest collection of these birds, comprising representatives of 
310 species ; the museum at Ley den comes next, with 270 spe* 
"'- ' and amongst private collections, we believe those of Major 
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Kirchhoff and Dr. Sclater are the most complete. 

Although 360 species of pcurots are recognised, all that is 
known of the great maj oritur of them consists of a name and a 
description of the external K>rm. We have much to learn respect- 
ing their habits, and the many interesting features which indicate 
the bond of connection between the individuals and l^e world 
amidst which they live. 

Most parrots move about in flocks ; and these are frecjuently 
of considerable extent Thus Waterton describes the sight of 
thousands of Araras, and Schombuigk saw the ChrysotU amor 
zonica collect in such swarms that the boughs of the trees broke 
beneath their weight. Sometimes more than one species occur in 
the same flock. Qould has seen four species of Trichoglos9Ui feed- 
ing on the same tree, and the species of Chryiotis and Comirus are 
frequently intermingled together. The larger species generally 
keep in distinct flocks. There is but little migration in uie mem- 
bers of the family ; the parrots of Van Diemen's Land make 
periodical visits to South Australia, and the South Australian 
species migrate to the north coast ; and some of the American 
species seem to wander from one part of the country to another, 
urged apparently by the scarcity of food in one place, and its 
abundance in another. 

The majority of parrots are essentially arboreal birds ; and they 
frequent the sides of the streams rather than the impenetrable 
thickets of wide-spread forests. Some species freauent open 

rts ; such as Eupnema eleganSj which collects in hundreds round 
smallest pools of water in Australia ; and CaUopsiUacus Novm 
HoUandiatf wnich so constantly remains in the neighbourhood of 
streams and ponds that the Australian travellers in the interior 
of that continent feel sure water is at hand when they see a flight 
of these birds. The ^ound&equenters are more abunclant amongst 
the Australian species than those of any other part of the world ; 
and these belong for the most part to tne eenera Platyeercua, Eu* 
phema, MdopiUtacus, and Pezoponu, which feed chiefly on the 
seeds of grasses. The longer tarsus in these species has a rela- 
tion to their more cursori^ habits. The Conunu paUigoma is 
remarkable for the variability of its habits, being arboreal where 
trees abound, and terrestrial where they are scanty. The neigh- 
bourhood of dwellings, or even towns, does not appear to drive 
these birds from their usual haunts. Thus Prince Max no- 
ticed SUtace nobilia amongst the trees in the town of Villa 
Vicoza. Oould says Hobart Town and Adelaide are constantly 
visited by flights of parrots, which chase each odier down tiie 
streets as the swallows do in English towns ; he has even seen 
flocks of Platycercus flaviventris nequent the farm yards for the 
sake of the grain they can find. P. icterotU attacks the firuit in 
the gardens of the Australian settlers ; while Brotogerys pyr- 
rhopterus does the same thing in the gardens of Central America. 
The common Palasomis tormuUut nestles amongst the palm trees 
in market-places, undisturbed by the concourse of men about 
them. 

They are regular in their habits : as soon as the day dawns 
they make short journeys to the usual feeding-place, tumble and 
bathe generally about the same time, pass the hot midday in 
some shady, leafy tree ; again feed in the cool of the evening ; 
and then retire to rest in the highest and most leaf^ trees. A 
few species in North America roost in the hollows oi trees. A« 
many as possible crowd into the hole, and the remainder ding to 
the Dark close by the entrance. It is some time before quiet 
ensues, since there is generally much screaming and struggHi^ 
in order to obtain the best places. 

The colour of the species generally assimilates to that of the 
places which they frequent. Thus, ^^een is a prevailing tint, 
and so nearly resembles the leaves amidst which they climb that 
ihej are not readily seen. Many of the ground species are more 
or less grassy green. The ear-piercing cries of parrots are familiar 
to most persons ; but there are a few species which possess a 



■«d 



MMaaAl 



785 



PSITTACIDiE. 



PSITTACIDiE. 



786 



mimic voice. The Platycerctu hasmatonotus has a song, which 
Homyer has compared to that of a thrush ; the notes of Palceomis 
cyanocephcUus, Euphema eUganSy and Coryllis galguhu, are more or 
less pleasant. The note of some species is a melodious piping ; 
thus Gould says of Platycercus xcterotis, that 'Mts note is a 
feeble, piping kind of whistle, which is occasionally so much 
lengthened and varied as almost to assume the character of a 
song.'' Almost every species has a note peculiar to itself. 

The food is, in most species, of a vegetable nature ; but some 
of the Trichoglo8sid<e derive a portion of their support from the 
insects which they swallow along with the sweet juice they lick 
up from the nectaries of flowers. The strong-billed species of 
dalyptorhynchus tear away the bark of trees in order to get at 
the coleopterous larvae concealed beneath it. Some Platycerci 
combine a few insects with their ordinary vegetable diet. The 
form and structure of the bill seem to be intmiately connected 
with the nature of the food. Microglossua aterrimtis and Sittace 
hyadnthina live on the seeds of Ganariwm, Astryocaryum iucuma 
and Acrocomia lasiospaiha, which are enveloped in a shell so 
tough and hard that it requires a hammer to break it. The 
uncommonly strong beaks of these birds perform the work with 
apparent ease. Sittace chlaroptera feeds chiefly on the nuts of 
Lecyihis ollaria and Cocos coronata. The large American parrots 
attack the Bertholletia eoccelsa. Few or no other animals can 
break these hard shells ; but many mammalia follow the parrots 
in order to feed upon the broken fragments which they drop. 
The food is, however, not always hard. Thus Plyctolophus 
nasnca eats the roots of orchids : some Australian species derive 
their nourishment from the seeds of EucalypttiSy Camuirinay and 
Banksia ; Conwrus carolinenais banquets upon Platanius occiden- 
talis, Juglans olivaformis, CupressuSy and Aanthium strwrnmium. 
Some species belonging to the genera Platycercus and CoryUis feed 
on blossoms and buds ; Conwrus cactorum lives almost exclusively 
on the fruit of cacti ; Stringops subsists on mosses and berries. 
Many of the Australian species, including Platycercris, EuphemOj 
Melcpsittacas and Pezoporus, are grass eaters. The long-tongued 
species of Damicellij Trichoglossus, and perhaps Nestor, live on 
tne juices of the ever-blooming Euccdypt%, 

PaiTOts attain a great age. Levaillant mentions an individual 
73 years old, which had, however, lost its sight and memory. 
Vieillot saw one 80 years old, which had many indications of 
advanced decrepitude. M. Grassi, of Cervione, knew of a bird, 
a species of Ara, whose history was known for at least sixty- 
five years. This bird was obtained in Spain in 1799 or 1800, 
and had since lived in Italy and in Italian families. As it knew 
several words of Spanish, and as it is conjectured they do not 
acquire the faculty of repeating phrases before the end of their 
second or third year, this would give a probable age of about 68. 
This bird cradually lost its sight, becoming blind in 1858. 
Its beak haa erown so long and curved as almost to penetrate its 
breast. Humboldt mentions an old parrot which he saw amongst 
the Maypures. Its age was imknown, and probably was not so 
great as in the cases already recorded. The bird was, how- 
ever, an interesting individual upon other grounds. It lived 
amongst the Maypure Indians, but it spoke phrases which these 
people did not understand, since they were couched in the 
Aturian language. The Atures had formerly lived near the 
Maypures, but had become extinct, and the last family had dis- 
appeared about 1767. This was upwards of forty years prior 
to Humboldt's visit. 

As a general rule the parrots lay their eggs and rear their 
young in the hollow of a tree. Among the exceptions may be 
mentioned BoVborhynchus monachus, wnich constructs a rude 
kind of nest ; and Pezoporus fonnosuSf which digs a hole in the 
ground and lays its eggs therein. A few species nidificate in 
nol^ in clifib, or river banks. In accordance with the e^eneral 
habits, the great majority of breeding-places are in the tnickest 
woods, where hollow, time-eaten trees abound ; and hence they 
are generally met with in secluded unfrequented localities. 
Palc^omis targtuitus, however, rather delights in the vicinity of 
towns and dwellings ; it will nest not only in the gardens of 
the most thickly populated provinces, but even in the cavernous 
retreats of old pagodas. 

The eggs are remarkably uniform in character. They are 
rarely, if ever, spotted or marked in any way ; their form being 
from oval to e^-shaped ; those of ConuniSf Pdttcumla, Tricho- 
glossus, and Lorxus bemg oval, while those of Arara, Platycercus , 
Psittacus, Gacatuay and Strigops, are egg-shaped. The shell is 
finely granular, irregularly porous, smooth, and without lustre. 
The number of eggs laid by each female varies from 2 to 10. 
The nest of Bolborhynchus monachus frequently contains more 



than 10 ; but in this case it is known that several individuals lay 
their eggs in the same nest The large species generally lay fewer 
eggs than the smalL The Strigops, and several species of Plycto- 
lophus, Calyptorhynchus, Ac, have two or three eggs ; most spedes 
of Platycercus have from 4 to 7, while P. eximvus has as many 
as 10. Little is known about the time the eggs require to hatch ; 
but it appears to be about 24 or 25 days. The young are blind 
and ncdced on leaving the egg, and are as helpless as most of the 
young of the Scansores. The head is at first large and lieavy. 
In a very short time a long soft down is developed ; and on the 
third day the first short feathers appear ; on the sixth the eyes are 
opened ; and on the 33rd the young are generally able to stand, 
and crawl about the hole. These observations apply more par- 
ticularly to MeUrpsittacus, The first ecgs are laia at a very 
early age : thus Dr. Rey has mentioned an instance in which 
Melopsittcums unduiatus began to breed in its fifth month. The 
larger species attain a greater age before beginning to breed, and 
may not do so before they have entered on their second year. 

Parrots occur on all tne continental areas. The species are 
most abimdant along a band comprising a few degrees on either 
side of the equator; and they preponderate more, and reach 
higher latitudes in the southern than in the northern hemi- 
spnere. Full details on the geographical distribution will be 
found in Otto Finsch's work ; and a good general view may be 
gathered from an inspection of the maps given by him. The 
most widely distributed of the five families is Psittacid^B, Its 
representatives occur in America from about 30° S. lat. to about 
22^ N. lat In Africa the range is from about 23° S. lat to 
about 18° N. lat. ; and in the East Indian Archipelago it occurs 
on nearly all the islands north of Australia, extending as far 
north in tibe Malay Peninsula and India as about 21° N. lat 
The next most widely distributed family is the SittadcUB. It 
ranges continuously from New Zealand, through Australia and 
the Indian Archipelago, to India and the southern slopes of the 
Himalayan Mountains. As yet, no parrots of this fieunily have 
been found anywhei-e between India and the Red Sea ; but to 
the east of the Red Sea, Palascmis torouatus is met with along a 
narrow strip of country right across tne widest part of Africa. 
The Trichoglossidos range over the Australian region from New 
Zealand to Celebes and the neighbouring islimds. Further 
particulars on this part of our subject will be given presently. 
The PlyctoUmhidce occur over very nearly the same area as the 
Trichoglossiaias, The Strigopida is the most restricted family, 
not having been seen beyond the New Zealand group of islands. 
This group has long been considered as a £unily in the order 
Scansores, l)ut of late yeara there has been a tendency among 
ornithologists to accept a somewhat different position. Thus, 
Prince Lucien Bonaparte, in his ' Conspectus Avium,' 1858, raises 
it to the rank of an order (Psitiaci), and places it before all the 
other orders, even before the Acdpitres, which have so long stood 
at the head of our ornithological classifications. He recognises 
four families, viz., Psittaddce, MicroglossidcB, TrichoglosMce, and 
Strigopidoe, which comprise in all about 300 species. Wallace 
(in 1864^ also gives it an ordinal rank, and expresses his classifi- 
catory views in the following terms : — ** The skull of a parrot is 
remarkable for its large size, for the nearly complete orbits^ for 
the broad and powerful lower mandible, for the lai^ and com- 
plicated lingual and hyoid bones, and for perfect articulation of 
the upper mandible to the cranium, peculiarities which, in their 
combination, separate it most widely from every other form of 
bird. The sternum has a charactenstic form unnke that of any 
bird : the furculum is small, and attached lower down on the 
anterior margin of the keel, and in some genera is liable to be 
totally wanting in certain species. When present, however, it is 
of a semi-oval form, the two branches b^g connected in an 
unbroken curve without angles or projecting processes. The 
prehensile feet of parrots are used in a manner quite peculiar ; 
lor though other oirds may secure their food with tneir foot 
while eating, no others in the whole class use it systematically 
as a hand to grasp and convey food to the moutn. We may 
fairly say they are the only birds that have hands, and use them 
as such ; and this will serve to confirm the superiority which 
their lai]ge brain and highly organised cranium confers upon 
them. Tne presence of a prehenole foot, their uniformly fruit- 
eating habits, their wide distribution, their numerous modifications 
of form, and their utter dissimilarity to all other birds added 
to the diiferences afready pointed out m structure and habits, 
induce me to adopt without any hesitation the views of Bona- 
parte and Blyth, and to consider the parrots as one of the 
primary divisions or orders in the class of birds. In dividing 
this order into families, I follow generally Bonaparte and 
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Blaiiiville, with a few modifications for simplicity. The great 
central mass of the order are the Psittacido!, or true parrots, 
comprising all the American, and more than one-half the Old- 
World species. These must be divided into several sub-families, 
the PalceomithiruHj the Psittacina, and the Eclectince, containing 
the Indian and Malayan species. The next family, the Platy- 
cercidoi (the broad tails and ground parrots) are somewhat allied 
to the last group through the PalcBomithince, They have 
different habite from most other parrots, being often terrestrial 
ai^d seed eaters ; their whole structure is weak, their flight slow 
and cuckoo-like ; the keel of the sternum is lower and more 
rounded anteriorly than in the other families ; the pelvis is 
short, broad, and flat ; the skull is small ; the bill short ; the 
lower mandible broad and swollen ; the legs rather long and 
slender ; and the plumage lax and abundant The Plyctolophidm^ 
or cockatoos, are distinguished by their powerful bills, crested 
heads, heavy form, and lax powdery plumage. They have a 
general resemblance to the last family, and also to the tnie 
Fsittaddce, The Trichoglossidas are the best marked, and most 
specialised group of all. The whole head, as well as the bill, is 
elongated and compressed ; the wings long and powerful ; the 
feet strongly grasping ; and the tongue always furnished with 
brush-like papiUae. They are connected with the Psittacida by 
means of L<ynculus, which agrees with them in general structure, 
but has the ordinary smootn tongue. In order to bring these 
families into a natural sequence, I arrange them in the follow- 
ing order: — 1. Plyciolophida ; 2. Platycercidce ; 3. PsittacidoB ; 
4. THchoglossicUE. The 5th family, Strigopidce, containing the 
New Zealand owl-parrots, seems allied to the Platycercidce, and 
should follow them in a general arrangement of the order." 

Mr. Parker, in his account of the osteology of Microglos^tis 
alecto, appears to hold somewhat similar views, as he says this 
parrot is the most perfectly antithetical to the StruthioniicUE of all 
the feathered tribes. If intelligence is to be the character of 
primary importance, the highest place should be given to the 
Passeres proper ; if powerful flight and brute strength, then the 
eagles and falcons should rank highest. '^But,'^ he remarks, 
" tnere are qualities, dear to the morphologist, in which the 
parrots have the pre-eminence, and stand higher as birds than 
all other birds ; and although, all things considered, the crow is 
the best type and model witn which to compare the whole nlumy 
brotherhood, yet in many things the parrot is a bird of oirds ; 
he is an ultra-tjrpe, and sets bounds to the class to which he 
belongs. But this bird, with the wise and solemn face of an 
elephant, has, like us, its chief and best qualities resident in the 
head ; and if the skull of an ostrich be compared with that of 
the most psittacine of the parrots, the difiterence will appear 
almost as great as exists between a larva and an imago." 

The latest monographer of the group. Otto Finsch, maintains 
the old view that the parrots form a family amongst the 
InsessoTtSy and opposes the new one mentioned above. 

The geographicfid distribution of the parrots presents some 
very peculiar features, as has been well shown by Mr. Wallace. 
He estimates that there are 368 species, which are thus dis- 
tributed amongst the zoological regions established by Dr. 
Sclater : — 



Begion. 
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Nearctic . 
Neotropical 
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The Australian region is richer in species, genera, and families 
than any other ; and in genera and families than all the others 
put together. The Psittacida occur in all the regions, but it is 
the onfy family represented in the non- Australian regions. Hence 
it will be seen there are no less than four out of the five families 
restricted to the Australian region. But the principal head- 
quarters of this group are still more restricted. The Australian 
region itself is separable into three sub-regions, viz., Australia, 
the Pacific Islands, and the Austro-Malayan group. Each sub- 
region has its peculiar features. In Australia the Platyeercida 
and Plyctolm)ht4kB are abundant ; Trichoglossida comparatively 
rare ; and Pdttacidaf absent. In the Pacific Islands CorophiluSf 
Nestor y and Strigopida are peculiar ; Platycercida not abundant : 
and PlyctolophidcB wanting. In the Austro-Malayan sub-rwjion 
the Lories are peculiar ; the Plyctolojfhida abundant ; the Ptaty- 
cercid(B less abundant ; and the PsittaddcB are represented by 
several peculiar genera. The last-mentioned sub-region soipaases 
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all the others in the number of the families, genera, and species 
which are found in it, as shown in the following table : — 

Families. Genera. Species. 
Austro-Malayan Islands . . 4 16 86 

Australia 3 10 60 

Pacific Islands ... 3 4 30 

From the great preponderance of forms in the Austro-Malayan 
islands, Mr. Wallace suspects the parrots were at one time 
restricted within this area, and that they have been dispersed 
from it as from a centre. 

The TrichoglossidcB are considered to be the most highly 
organised parrots. It contains six genera, of which four are 
confined to the Austro-Malayan sub-region, while the others are 
spread over the remainder of the Australian region. Of the four 
Austro-Malayan genera three are remarkable for their ground 
colour being a vivid red, and for having very little green, which 
is the prevailing tint amongst the Psittacida; they constitute 
the sub-family LoriinaSy and are best represented by Eos rubra 
and Eos cardinalis. The Lories are confined to a long tract 
extending from the Moluccas on the west to the Solomon 
Islands on the east, and having New Guinea as the centrepiece. 
This area Mr. Wallace calls the Loriine region, and he has the 
following remarks upon it " If we look at the area marked out 
upon a map (as shown in Proc Zool. Soc. for 1864), we must be 
at once impressed with the idea that we have here roughly indi- 
cated the much greater extent at a recent period of the large 
island of New Guinea, the north-western portion of which seems 
even now to be undergoing a still further segmentation. This 
idea receives confirmation from the fact that almost every bird 
found in this area has its closest allies in New Guinea ; and as 
we approach the central mass the variety of forms becomes 
greater. The ^nera Monarcha and Mimeta here have their 
maximum devdopment; and Tcmysiptera, as abnormal among 
kingfishers as Lories are among parrots, has almost exactly the 
same limits of distribution as they have. Within these limits 
are found some of the most curious forms of parrots, the giant 
black cockatoo (Microglosstis) and the dwarf of the wnole order 
{Nasitema)^ the bare-headed DaswptUus and the elegant little 
Gharmosyna, Tanygnathus has tne range of Eos, but extends 
north-westward to Celebes and the Philippines; Oeofrouus 
south-westward to Timor and Flores ; while the remarkable 
genus EcUctus has exactiy the same range as the Lories, whose 
attire it seems to mimic, for in it alone are found parrots whose 
only colour is red, with a portion of blue or black. This 
coincidence of the range of the red Psittacida with that of the 
red Trichoglossidcs is a very curious fact, and clearly intimates 
that these gay tints are not mere sports of nature, or designed 
for the delectEition of man, but have a close connection with the 
life history of the creatures which they adorn, and probably 
subserve an important though hidden object in the economy of 
these groups." The Loriine region has yielded fifty-four species 
belonging to fifteen genera, and eight of the genera have not 
been found elsewhere. Australia has ten genera and sixty 
species, and six of the genera are peculiar to it. Australia has. 
however, been pretty well explored, whereas the central and 
most important part of the Loiime region has never been visited 
for scientific purposes. Hence it may be expected that the dis- 
parity between the two re^ons will be still more in favour of 
the Lonine. Wallace considers New Guinea as the still existing 
portion of what was once a great tropical Pacific continent ; ana 
that the crimson Lories, the black Microglossia, the Birds of 
Pareulise, and the great Crowned Pigeons are but '* a remnant 
and a sample of the strange and beautiful forms of life that once 
inhabited it. and many of which may stiU remain to be dis- 
covered in the untrodden Papuan forests." 

Among the Psittaddce the distribution of Prioniturus is espe- 
cially dwelt upon by Mr. Wallace. It is the only genus in the 
order which nas a spatulate tail, like that of the mot-mot. 
There are four species known, and these are equally divided 
between the Celebes and the Philippines. A similarly restricted 
range occurs in the genus Cynoptmec%is among the mammalia. 
These two groups of islands are situated on opposite sides of the 
line which separates the Indo-Malayan suV-region from the 
Austro-Malayan ; but facts such as those cited indicate that 
these idands once had a closer connection than now. After 
describing the differences in the faunas of the two groups of 
islands, the author further adds : " The great islands which form 
the western half of the Archipelago, Borneo, Sumatra, Java, and 
the Malay peninsula, present a most surprising poverty of 
psittacine birds : only four species are found over this immense 
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region, and these belong to three genera, of which only one is 
found on both sides of the boundary line. This fact forms one 
of the strongest proofs of the division of the Archipelago between 
the Indian and Australian regions ; for on the one side we have 
fifteen genera, of which ten are quite peculiar, on the other three 
genera, of which one is Indian, one Indo-Australian, and one 
somewhat isolated species only peculiar. The distribution of 
the genus Larieultui, which is the only one really common to the 
Indian and Australian regions, is very interesting. The southern 
island of the Philippines seems to be its metropolis, since no less 
than four species are found there. One inhabits Celebes, one 
Sulla, and one Gilolo ; the rest are found in Flores, Java, 
Sumatra, and Malacca, Ceylon, India, China^ and Manilla. The 
range of the genus is therefore very extensive ; yet one half of 
the species ymL be found concentrated in a limited tract, in- 
cluding Mindanao, North Celebes, Sulla, and Gilolo. This dis- 
trict is upon the confines of the Australian and the Indian 
regions ; and it is very interesting to remark that this, the only 
genus which is common to the two, is of doubtful afi&nity, and 
serves to connect the pre-eminently Australian Trichoglossidce 
with the PsittacidcB of the rest of the world." Mr. Wallace gives 
full details of the geographical distribution of all the species 
found in the Austro-Malayan sub-region, and the following is a 
summary of his list : — 




Notes on all the Indian species are given by Mr. Jerdon in 
his " Birds of India.'' He describes seven species, of which six 
belong to PaUBornis and one to Loriculus, We quote his 
accounts of the habits of P. Alexandri and P. torquatus: — "The 
Alexandrine parrakeet is found in the Lower Himalayas, in the 
forests of Malabar, also in the hilly regions of Central India and 
the Northern Circars. It is occasionally found in parts of the 
Camatic; but it is not till you get far north that it is at all 
common. It is by no means conmied to hill regions, for I have 
found it breeding in a grove of trees in the Deccan, not far, how- 
ever, from some low hills; and it often comes into the open 
country to feed, but generally returns at night to the hills or 
jungles. It is said to oe the ordinary parrakeet of the Punjaub. 

It feeds both on fruits and grain, and sometimes returns 

great distances to roost in trees near the hills. At such times it 
fiies at a great height. The call of this species is full and rich. 
It breeds in the cold weather, December and January, in holes of 
trees, and lays usuallv four white eggs." "The Kose-winged 
Parrakeet (P. torquatus) is found over all India, from the foot of 
the Himalayas to the extreme south and Ceylon, but it is rare to 
the east of the Bay of Bengal. It is found in other parts of 
Western Asia and throughout tropical Africa. It is one of the 
most common and familiar birds m India, frequenting cultivated 
ground and gardens, even in the barest and least wooded parts 
of the country, and it is habitually found about towns and vil- 
lages, constanuy perching on the house-top. It is very destructive 
to most kinds of gndn as well as to fruit gardens. Burgess says 
that they carry off the ears of com to trees to devour at leisure, 
and I have observed the same sometimes. When the grains are 
cut and housed, it feeds, on the ground, on the stubble com- 
fieldfL also on meadows, picking up what seeds it can, and now 
and uien takes long flights himtin^ for any tree that may be in 
fruit, skimming close to and examining every tree ; and when it 
has made a discovery of one in fruit, circling round, and sailing 
with outspread and down-pointing wings tm it alights on the 
tree. It associates in floclu of various sizes, sometimes in vast 
numbers, and generally some hundreds roost together in some 
garden or grove. Mr. Layard has given an interesting account 
of the roosting of this species in Ceylon. At Saugor all the 
pazrakeets, mynas, crows, Dee-eaters, &x%, of the neighbourhood, 
for some miles around, roost in company in a h;^ grove of 
bamboos; and the deafening noise heara there from before simset 
till dark, and from the first dawn of day till long after sunrise, 
give to the listener an idea of numberless noisy steam-eneines at 



work. Many of the flocks of parrots are very late in returning, 
and fly along quite low> skimming the ground, and just risiog 
over a tree, house, or any obstacle in the way, and, for sevesu 
nights in succession, several parrakeets flew against the wall of a 
house on the top of a hill in Saugor, and were killed. It breeds 
both in holes in trees and, very commonly in the south of India, 
about houses, in holes in old buildings, tombs, &c Lake the last, 
it lays four white eggs. Its breeding season ia from Januair to 
March. Adams states that he has seen this parrakeet pillage 
the nest of the Sandmartin ; but with what intent he does not 
guess at. Its ordinary flight is rapid, -with repeated strokes of 
the wing, sometimes wavy, laterally, or arrowy. It has a hanh 
cry, which it always repeats when in flight, as -well as at oths 
times. Mr. Philipps remarks that the kite will sometiiDeg 
swoop down on them when perched on a tree, and cairr one off 
in its talons ; also that owls attack these birds by night. 

In Gould's " Handbook to the Birds of AustraUa," 64 speoa 
are described. The most remarkable of them is, peiii^s, tin 
Strigops habroptiltu, or Kakapo of New Zealand. He has 
collected together most of the accounts, which, lengthy as they 
are, we take in entirety. 

Long before 1845, when a skin of this extraordinary parrot wu 
for the first time sent to Europe, we had conclusive evidence of 
the existence of the species irom the circumstance of plnmei 
made of its feathers being worn by the Maories. It is somewhat 
strange, however, that such a lengthened period shoidd han 
elapsed after the discovery and possession of New Zealand before 
so singular a bird should nave found its way to ^Europe. At no 
very distant date it doubtless inhabited alike aU the islands of 
the New 2iealand group ; but it probably no longer exists in the 
northern island, its extirpation tnence being doubtless attribut- 
able to a variety of causes ; it is tibat portion of the counliy in 
which the natives have ddefly resid^, and the introduction 
since the visit of the oelebratea navigator, Oook, of ^e pig, the 
dog, the cat, and that universal pest, the brown or Norway nt, 
has doubtless tended greatly to produce sndi a result^ for these 
animals having now become wild, we may reasonably infer that 
they have played no inconsideraole part in the destruction not 
only of this comparatively helpless bird, but of many others ; the 
time is probably not far distant when these marauders will 
obtain a footing m the middle and southern islands, the result of 
which may be anticipated by what has already occurred. The 
first published account of this singular bird is that given bj 
Dr. Lyall, R.N., in the " Proceedings of tiie Zoological Socie^ 
of London " for 1862, which I here transcribe : — " Although the 
Kakapo is said to be still found occasionally on some parts of 
the high mountains in the interior of the north island of New 
Zealand, the only place where we met with it, dixring our drcanh 
navigation and exploration of the coasts of the islands in H.11S. 
Acheron, was at the S,W. end of the middle island. There in 
the deep sounds which intersect that part of the island, it is still 
found in considerable numbers inhabiting the dry spun of hills 
or fiats near the banks of rivers, where the trees are hi^ and 
the forest comparatively free from fern or underwood. 'The fiwt 
place where it was obtained was on a hill nearly 4000 feet above 
the level of the sea. It was also found living in communities on 
flats near the mouth of the rivers close to the sea. In these 
places its tracks resembled footpaths made by men, and led us 
at first to imagine that there must be natives in the neighboii> 
hood. These tracks were about a foot wide, regularly pressed 
on the edges, which are two or three indbes deep among the 
moss, and cross each other usually at right angles. The ki^po 
lives in holes imder the roots of trees, and is also ocai- 
sionally foimd under shelving rocks. The roots of many 
New Zealand trees growing partly above ground, holes 
are common under them ; but where the kakapo is found, many 
of the holes appear to have been enlarged, idthough no earth 
was ever found thrown out near them. There were frequently 
two ox>enings to these holes, and occasionally, though rarely the 
trees over them were hollow for some distonoe up. The only 
occasion on which the kakapo was seen to fly was, when it cot 
up one of these hollow trees, and was driven to an exit higher 
up. The flisht was very short, the wings being scarcely moved, 
and the bird alighted on a tree at a lower lev3 than the t^ 
from whence it had come, but soon cot higher up by dimoinft 
using its tail to assist it. Except when Snven from its h^ 
the kakapo is never seen during the day. and it was ocdy by 
the assistance of dogs that we were enabled to find it. Bef<ae 
dogs became common, and when the bird was plentiful in the 
inhabited parts of the island, the natives were m tile habit of 
catching it at night, using torches to eonfriae it. It o&ea a 
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formidable resistance to a dog, and sometimes inflicts severe 
wounds witk its . powerful claws and beak. At a very recent 
period it was common all over the west coast of the middle 
island, but there is now a race of wild dogs said to have overrun 
all the northern part of the shore, and to have almost extir- 
pated the kakapos, wherever they have reached. Their range is 
said to be at present confined by a river or some such physical 
obstruction, and it is to be feared that if once they succeeded in 
gaining the stronghold of the kakapo (the south-west end of the 
island), the bird may soon become extinct. During the latter 
half of February, and the first half of March, whfle we were 
amongst the haunts of these birds, we found young ones in many 
of the holes, frequently only one, never more than two in 
the same hole. In the same nole where there were two young 
ones, I found also an addled egg. There was usually, but not 
always, an old bird in the same nole with the young ones. They 
build no nest, but simply make a sb'ght hollow amongst the dry- 
dust formed of decayed wood. The young were of different 
ages, some being nearly fuUy fledged, and others covered only 
with down. The egg is white and about the size of a pigeon^s, 
two inches and an eighth long, by one inch and nine-sixteenths 
broad. The cry of tne kakapo is a hoarse croak, varied occa- 
sionally by a discordant shriet when irritated or hungry. The 
Maories say that during winter they assemble together in large 
numbers in caves, and at the time of meeting, and again before 
dispersing to their summer haunts, that the noise they make is 
perfectly deafening. A good many young ones were brought 
on board the ship alive. Most of them died a few days after- 
wards, probably from want of sufficient care ; some died after 
being kept a month or two, and the legs of others became de- 
formed alter they had been a few weeks in captivi^. The cause 
of the deformity was supposed to be the want of proper food, 
and too close confinement. Thejr were fed chie^ on soaked 
bread, oatmeal, and water and boiled potatoes. When let loose 
in a garden they would eat lettuces, cabbages, and grass, and 
would taste almost every ^en leaf that they came across. One, 
which I brought within six hundred miles of England (when it 
was accidentally killed), whilst at Sydney, ate eagerly of the 
leaves of a Bankna, and several species of Etuxilyptus. as well as 
grass, appearing to prefer them all to its usual diet oi bread and 
water. It was also very fond of nuts and almonds, and during 
the latter part of the homeward voyage, lived almost entirely on 
Brazilian ground-nuts. On several occasions the bird took 
sullen fits, during which it would eat nothing fot two or three 
days at a time, screaming and defending itself with its beak 
when any one attempted to touch it It was at all times of an 
uncertain temper ; sometimes biting severely when such a thing 
was least expected. It appeared to be always in the best 
humour when first taken out of its bol in the morning, hooking on 
eagerly with its upper mandible to the finger held down to lift 
it out As soon as it was placed on the deck, it would attack 
the first object which attracted its attention, sometimes the 1^ 
of my trousers, sometimes a slipper or a boot Of the latter it 
was particularly fond; it would nestle down upon it, flapping its 
wings, and showing every symptom of pleasure. It would then 
get up, rub against it with its sides, and roll upon it on its back, 
striking out with its feet whilst in this position. One of these 
birds, sent on shore by Capt Stokes to the care of Major Murray, 
of the 65th regiment at Wellington, was allowed to run about 
his garden, where it was fond of the society of children, follow- 
ing them like a dog. wherever they went. Nearly all the adult 
ksScapos which I skinned, were exceedingly fat having a thick 
layer of oily fat or blubber on the breast, wnich it was very 
difficult to separate from the skin. Their stomach contained a pale 
green, sometimes almost white, homogeneous mass, without any 
trace of fibre in it There can be little doubt but tnat their food 
consists partly of roots(their beaks are usually more or less covered 
with indurated mud), and partly of the leaves and tender shoots 
of various plants. At one place, where the birds were numerous, 
we observed that the young shoots of a leguminous shrub, 
growing by the bank of a rivei^ were all nipped off, and this was 
said by our pilot, who had Kequented these places for many 
years in a trading vessel, to be tne work of the kakapo. Their 
flesh is white, and generally esteemed good eating.'' 

In some letters to Mr. Gfould from Sir George Grey, many of 
the above statements are confirmed, accompanied by aadi- 
tional ones. " The Strigops is called Kakapo, or nicht-kaka, by 
the aborigines of New Zealand, from the nocturnal habits of the 
bird. During the day, it remained hid in holes imder the roots of 
trees or rocks ; or very rarely^ perched on the boughs of trees 
with a v^iy dense thick foliage; at these times it appears 



stupid from its profound sleep, and if disturbed or taken from 
its hole immediately runs and tries to hide itself again, delighting, 
if practicable, to cover itself in a heap of soft dry grass ; about 
sunset it becomes lively, animated, and playful, comes forth 
from its retreat and feeds on grass, weeds, vegetables, fruits, 
seeds, and roots ; when eating grass it rather grazes than feeds, 
nibbling the grass in the maimer of a rabbit or wombat It 
sometimes climbs trees, but generally remains upon the ground, 
and only uses its short wings for the purpose of aiding its pro- 
gress when running, balancing itself when on a tree or in 
making a short descent, half jump, half flight, from a higher to 
a lower bough. When feeding, if pleased with its food, it makes 
a continued grunting noise ; it is a greedy bird and choice in 
its food, showing an evident relish for anything of which it is 
fond. It cries repeatedly during the night with a noise not very 
unlike that of the kaka, out not so loud. The kakapo is a very 
clever and intelligent bird, in fact, singularly so ; contracts a 
strong affection for those who are kind to it, shows its attach- 
ment oy climbing about and rubbing itself against its friend, 
and is eminently a social and playful bird ; inaeed, were it not 
for its dirty habits, it makes a far better pet than any other bird 
with which I am acquainted, for its manner of showing its 
attachment by playfulness and fondlins, is more like that of a 
dog than a bird. It builds in holes imder trees and rocks, and 
lays two or three white eggs, about the size of a pullef s, in the 
month of February ; andthe yoimg birds are found in March. 
At present, 1854, the bird is known to exist only in the middle 
island of New Zealand, on the west coast, between Chalky 
Harbour and Jackson's Bay, and in the northern island about 
the sources of tHe Whangarie, and in part of the Taufa coun- 
tries. It was within the recollection of the old people abundant 
in every part of New Zealand, and they say it has been exter- 
minated oy the cats introduced by Europeans, which are now 
found wild and in great numbers in every part ot the country ; 
they say also that the large rat, introduced from Europe, has 
done its part in the work of destruction. The natives assert, 
that when the breeding season is over, the kakapo lives in 
societies of five or six in the same hole ; and they also state that 
it is a provident bird, and lays up in the fine season a store of 
fern root for the bad weather. I have had five or six of these 
birds in captivity, but never succeeded in keeping them alive 
for more than eighteen months or two years. The last I had I 
sent home as a present to the Zoological Society, but I am 
informed it died on Cape Horn." 

A later account has been drawn up by M. Julius Haast, and a 
translation of his notes is given in the "Ibis" for 1864. p. 340. 
Mr. Gould gives the followmg extracts : — " The principal resorts 
of the kakapo are the green plots in the open and mos^ beech 
woods, near mountain streams and rocky declivities, beneath 
large moss-coVered stones overgrown by beech roots ; also the 
mossy banks of the large rivera which are occasionally flooded 
by a sudden thaw, or heavy rains. It is remarkable that it is 
never found on the eastern side of the Alps, though exten- 
sive beech forests occur there also ; the oiuy part excepted 
is the valley of the Makaoora river which forms the Wanaka 
lake. It appears, therefore, to be confined to the western slope 
of the principal mountain chain, and only to pass over the low 
and wooded defile that leads from the source of the Haast river 
to those of the Makaoora. Even here, however, it is not found 
beyond the mouth of the river near the Wanaka lake, as lower 
down there are no forests. The kakapo is very frequentiy met 
with in the valley of the last-named nver, and m the Makaoora 
forest In the "Wilkin valley it is less numerous, and in the 
Hunter valley it is not to be met with. Until now, it has been 
supposed to be a night bird, but my observations convince me 
that this is not always the case. It is true that its call is mostiy 
heard about an hour after sunset, at which time it commences to 
roam about where the thick foliage creates a kind of artifici^ 
darkness, but I have several times met with it in the daytime. 
On one occasion, as soon as the bird saw me it threw itself off the 
tree as if it were shot, and escaped imder some large fragments 
of rock, without opening its wings, or using them in any way to 
break its faU. It is strange that a bird with well-formed wmga 
should prefer to use its feet as a means of locomotion, especially 
when the feet seem rather formed, from the position of the toes, 
for cHmbing than for walking or running. To ascertain whether 
the k£^po would not fly, or at least flutter when pursued, I 
had a large specimen which had been captured by my dog with- 
out being injured, brought to an open place where there was 
sufficient space to open its wings while running ; but instead of 
attempting to do so, the bird ran towards the nearest thicket, 
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moving luucli like a fowl, with a celerity that, considering the 
position of its toes and its unwieldy form, greatly surprised me. 
Viewed sideways, the wings appeared to be closely pressed to the 
body, but from behind they were observed to be slightly open ; 
more, apparently, for the purpose of preserving a right balance, 
than to aid it in running/ Dr. Haast also refers to its vegetable 
diet. Individuals sometimes so stuff themselves with moss 
that they become greatly distended. It dwells in clefts, fissures, 
and amongst roots ; and frequently proves a formidable opponent 
to a dog. Mr. Gray's description of the species is : — "Upper 
surface sap green, with a verdigris tinge on the win^, each 
feather marked in the middle with yellow, which is margined on 
the sides with black, from which spring irregular transverse 
bands of the same colour, the outer webs of the greater wing- 
coverts, quills, secondaries, and entire tail brownish buff, irregu- 
larly banded transversely with black ; between every alternate 
set lemon yellow ; the inner webs of quills and secondaries black, 
more or less transversely banded with lemon yellow ; imder sur- 
face pale ffreenish yellow, tinged with lemon yellow, more or less 
marked along the shaft with pale yellow, which is narrowly mar- 
gined with brownish black ; some of the feathers have transverse 
bands of the same colour ; the top of the head brownish black ; 
mar^ned outerly with sap green, tinged in some places with ver- 
digris, and marked in the middle with pale yellow : the front 
cheeks, ear coverts, and the projecting feathers of the face pale 
amber, marked in the middle with yeflowish white ; bill white ; 
feet plumbeous black. Length two feet four inches. 

In addition to the living species there are a few known which 
have probably become extmct within the last few centuries. The 
only witnesses we have that they once existed are a few osseous 
fragments, the reports of early voyagers, and the traditions pre- 
served by the native population. The Psittacus mauritianus is one 
example. All that we possess of it is a lower mandible. It was 
founa in the soil of the " Mare aux Songe," or Arum Marsh, near 
Mahebourg, in the island of Mauritius, under the circumstances 
mentioned under Dodo, E. C. S. This fragment belonged to a bird 
as large as the larger maccaws ; and formed part of a jaw pos- 
sessed of great mechanical and muscular strength. It has been 
carefully examined and compared by Milne-Edwards with the 
same part in other parrots ; and the result of his labours will be 
found fully detailed in the "Annales des Sciences Naturelles" 
for 1866. He finds that this part of the skeleton is in itself suifi- 
ciently distinctive to enable us to assign any lower jaw to its genus 
or subgenus, but that further evidence is needed to be confident 
as to the species. Considering this to be the case, he believes that 
some confidence may be placed on the conclusion drawn from the 
lower mandible only of the extinct species. It had been sug- 
gested by Mr. G. R. Gray, that P. rrMuritianua may be the same 
as the Mcucarinus ohscurus figured by Levaillant, which species 
formerly lived in Mauritius, but is only known by a few museum 
specimens and some figures. Milne-Edwards compared the lower 
mandibles of the two species, and finds they are widely different, 
BO much so that they cannot be placed in the same genus. P. 
ma/uriiiantu approaches Coracopns v<i8a of Madagascar in size ; 
but the form of its mandible is very different. In the size and 
form of the mandible it rather resembles the large maccaws of 
South America ; nevertheless there are several important differ- 
ences even from these, as also from the species of Microglossus, 
It appears to represent in the Mascarene islands the Ara of 
Soutn America in the same way as Microglosms and Calypto- 
rhynchus represent the same type m the Australian regions. There 
is, however, more analogy between the forms of South America 
and South Africa than between those of South Africa and Aus- 
tralia. His main conclusion then is, that the Mauritius bird 
differs from other parrots by osteological characters of the same 
value as those by which the Ara, GalyptorhynchtLs, Microglossus 
are separated ; and that they resemble Ara and Microglossus more 
than any other genus. No mention of this species has been found 
in old travels. Dubois describes in a very rough way all the 
parrots he saw or heard of in the Mascarene islands. Of the six 
species mentioned by him, five may be identified with more or 
less certainty as Coracopsis vasa, Mascarinus ohscurus, the male 
and female of Palceomis eques, and Fsitta>cula ca/na. The one 
which cannot be identified is said to be about the size of the 
pigeon, and therefore it cannot be P. mauritianus, 

(O. Finsch, Die Papageien ; J. Gould, Handbook to the Birds of 
Australia; T. C. Jerdon, The Birds of India; A. R. Wallace, 
Proc. ZooL Soe, for 1866, pp. 272 — 296 ; Milne-Edwards, An- 
nales des Sciences Naturelles, 6th series, voL vi.pp. 91 — 111 ; Prof. 
R. Owen, IHs for 1866, p. 168 ; W. K. Parker, Proc ZooL Soc, 
for 1866^ pp. 236—238.) 




corresponds with Ghemnitzicu Three more synonyms are 
Pi/rgiscus, Philippi ('Wiegman's Archiv.' 1841), Orthostelis, 
Aradas and Maggiore (*Atti Acad. Gioenia,' 1841), and Lcao- 
nema, Phillips (* Palaeozoic Fossils of Cornwall,' 1841), to which 
may be added, in part, JamwMa oi Brown (not of Leach or 
Risso), Turbonella of Leach ; and for certain species, SulimeUa 
of Forbes and Auriculina of Gray.** Mr. Jeffreys collocates all 
the species usually assigned to Chemnitzia and EuUrneUa in the 
genus 0(2o5tomta. Some authors have a different tendency, and 
separate the species into a laree number of ^nera. Without 
having made the group a special study, it is difiiciQt to satisfy 
onesefi as to the proper delineations of the collocations of 
species or the precise boundaries of the family. For the 
purpose of the present article we shall consider that the family 
embraces all the genera mentioned in the E. O. article, with the 
exception of Trmcatella and Otina; and in order to ahow the 



PTILIUM, a genus of coleopterous insects, belonging to the 
family Tri^iopterygidce, It comprises numerous Biitiah sjedei, 
some of whidi have been discovered for the first time within the 
last few years. 

PYRAMIDELLIDJS [E. C. vol. iii. coL 510], a fanuly which 
is abundantly representea on the British shores, and which in- 
cludes a vast host of minute shells scattered all over the world. 
Like some other families, its limits have been variously defined, 
and much contrariety of opinion prevails as to what genera do 
or do not belong to it. So difficult is it to make conformable 
descriptions of genera and family that it not unfrequently 
happens that a genus possesses one or more characters which is 
not assigned to tne family in the definition. This seems to he i 
due, not firom oversight on the part of the authors, but to the I 
difficulty of framing the defijiitions. The genus Aclis affords 
one illustration. Originally its species was assigned to TurhOf 
then to TurriteUa, next to Chemnitzia, afterwards to Adis, 
But it does not seem that malacologists intend to leave them 
there, for they have latterly been transferred to Rissoa. Adams 
considers it to form four distinct genera, namely, AcliSj Hyak 
(H. and A. Adams), Ebala, Gray ; and Dunkeria, Carpenter. 
Mr. Jefl&reys also recognises the heterogeneity of the genus 
Aclis, and proposes to separate A. unica as the tjpe of a genus 
named Graphis, which species was previously made the type of 
Hyala; and A. GulsoruB as the type of another genus to he 
named Menippe, Odostomia is another example of the uncer- 
tainty of cla&sificatorv views, as will be seen from the following 
history of the name ty Mr. Jeffreys : — " In the Supplement to 
the 4th, 5th, and 6th editions of uie 'Encyclopaedia Britannica' 
(published at intervals between 1818 and 1824) will be found the 
article * Conchology,' by Dr. Fleming. The genus Odostomia is 
there described as consisting of certain species of marine shells, 
placed by British writers m the genus Turbo, in which the 
columella is furnished with folds. The Turbo inUrstinctd, uni- 
dentata, pUcata. Sandivicensis, and insculpta of Monta^ are of 
this genus. The article was separately re-published with plates 
in 1837. Flemings ' Philosophy of Zoolojgy' (1822) enumerate 
Odostomia as one of the genera of the marine TurbonicUe; and it 
is, therefore, probable that the number of the Encyclopaedia 
which contained the article *Conchology' had then appeared. 
In 1826 Risso (Hist. Nat TEur. M^rid. voL iv. p. 224) formed 
the genus Turhonilla, on the MS. authority of Leach, for three 
fossil species ; all are described as longitudmally ribbed, and one 
of them furnished with a fold. In Turton's * Enumeration of 
Marine Shells found on the Devonshire Coast' (1829), Odonr 
tostoma was proposed by him as the generic name, and is thus 
characterisea : ' Shell conic, oval ; pillar with a single' tooth or 
fold towards the middle ; operculum none. Includes Turbo 
unidentatus and others.' This description, in respect of the 
absence of an operculum is obviously wrong. Fleming's 
/History of British Animals' (1828) eave a more correct de- 
finition of the present genus. The 7tn volume of the * Edin- 
burgh Encyclopaedia 0830), under the head ' Conchology,' has 
full descriptions of tne genus Odostomia and of the above- 
named ^species of Mont^u ; but Pupa and other land species 
are by some mistake conmunded with them. Alcide D'Orbigny's 
accoimt of the Mollusca, in the Supplement to Barker- Webb 
and Berthelof s * Natural History of the Canary Isles ' (1839 or 
1840), gives Chemnitzia as a sub-genus of Melania; it is inade- 
quately defined, the animal being described as * inconnu,' and 
the shell as intermediate between Eulima and Bonellia or Niso, 
The Turi>o ele^antissimus of Montagu {T. lacteus, L.) is the sole 
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vaiiatiuns and distinctions of the British members, we give 
the following analytical view of their characters, drawn up from 
JeflBfe/s * British Conchology.' 

Body spirally twisted Pyramidellidas. 

„ slender ....... Aclis, 

„ slender A, supranitida. 

„ usually slender Odostomick 

„ spiral and ciliated Stilifer. 

„ spiral and smooth Eulima, 

Head furnished with a long cylmdrical and re- 
tractile proboscis . . , . . Pyramidellida, 
„ terminating in an unarmed and suctorial 

mouth Stilifer, 

„ with a long, cylindrical and retractile pro- 
boscis Eulima, 

Flap or Snout, extensile, but rarely projecting 

beyond the foot . . . Pyramidellida, 
„ projecting beyond the foot . . Odoatoniia. 

„ carried just biefore the foot . 0, clavula, 

„ not always extended beyond the 

foot 0, aWella, 

„ a little in advance of the foot . 0, turrita, 

„ flexible and extensile . . . 0. plicata, 

„ considerably in advance of the 

foot when the animal is in 
active motion, scarcely extend- 
ing to the front edge when at 

rest 0,dolioliformi8, 

„ extends from the tentacular 

membrane beyond the foot . 0, spiralis, 
„ extends from the tentacular 

membrane to a little beyond 
the foot, and forming a sort of 
head veil . ; . .0. rufa, 
„ carried before the foot when on 

the march 0. lactea, 

„ lies between the tentacles and [toni, 

foot . . . . . Stilifer Tur- 

„ not much extended . . . Eulima polita, 

„ projects beyond the foot . . E, distorta, 

„ flexible, and projects a little 

beyond the foot . . , E, sienostoma, 
„ seldom projecting beyond the 

foot . . . . , E. bUineata, 

Tentacles, conical or triangular, flattened and 
smooth, with more or less inflated 
tips . . .... PyramideUidas, 

„ long, approximating at their bases . Aclis, 
„ moderately long, flat, roimded or 
obtuse at the tips, quite smooth, 
even under high magnifying 
powers, and divergent . , . A, uniea, 
„ cylmdrical, slender, somewhat inflated 
at the top, close together at the 

base A, supranitida. 

„ thick, broad, short, not very membra- 
nous, rounded at the tips, each of 
which has a minute flake- white 
lobe or inflation ; they are united 
by an intermediate membrane . , A, Gulsonet, 
„ triangular and folded inwards (not 
uiuike an ass's ears), united at 
their base by an intermediate 
membrane ..... Odostamia, 
„ extraordinarily short and broad, 
mutually connected in front and 
vibrating verjr actively, swelling 
out behmd bke a mmute leaf; 
they are not divergent, but borne 
straight and close together; each 
terminating in two white infla- 
tions, viz., one quite apical and 
the other immediately oelow it, 
both being semi-circular, and as if 
soldered to the external sides of 
the points or tips . . , , 0, cUwula, 
„ leaf-like, rather short and thick • 0, albella, 
„ bevelled and pointed like an awl; 
each also has a yellow longitudinal 
line ; tips inflated and wmte . . 0, paUida. , 
„ flat, bevelled, not very short; tips 
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moderately large, rounded, inflated 
and flake white . . . , 0, conoidea. 
Tentacles moderately long and divergent ; each 
has a flake-white longitudinal line 
in the middle running from base 
to point ; edges slightly folded ; 
tins less white and inflated than in 

allied species 0, acuia, 

broad, short, awl-shaped, setose (7), 
blunt, with a fine transparent line 
down the middle of eacn . . 0, unidentata, 
rather long and leaf-like, with blunt 

tips 0, turrita, 

leaf-like, and presentii^ three equal- 
sized, angular and flattened sides, 
whicn are folded a little inwards ; 
tips roimded but not much in- 
flated 0, pliccUa. 

coalescing at their bases, very broad 
and short ; tips veir small, white, 
and slightly inflated. . . . 0, insaUpta, 
strong, rather long, without much au- 
riibrm folding, rounded and taper, 
terminating m minute circular 
snow-white inflated tips; instead 
of the tentacles moderately divei^- 
ing on each side of the snout, they 
are widely curved and carried 
at a right angle to the axis of the 

shell , 0. diaphatM, 

short, bevelled, not broad, tapering to 
a fine point, and having small 
white inflated tips ; thev are car- 
ried in front of the head with an 
angular divergence of about 75° . 0. obliqua, 
proportionally laiger than in other 
species, not so triangular nor fur- 
nished with such oroad lateral 
membranes, nor do they coalesce 
so decidedly as another species to 

form a veil 0, dolioliformis, 

very short, not much folded, termi- 
nating in indistinct flake-white 
lobes; the lateral membranes,which 
are not so extensive as any other 
species, coalesce and form a shal- 
low veil 0, decussata, 

very short, united at their bases ; their 
thin edges are unrolled on the 
march, which gives them a venr 
lai^ge sub-triangular, broad, leafy 
aspect, instead of the usual ear- 
shaped figure ; tips large and 
inflated . . . . , 0. indisti'nctti, 
varying in len^h, rather broad, with 
a small white bulb on each tip; 
thev are retractile as in Rissoa . . 0, inUrstineta. 
united, at the base in front, and widen 
by diverging ; short, flat, and broad, 
setose (?), with a snow-white line 
from base to point, and a round 
flake-white dot at each of their 

tips 0, spiralis, 

comparatively long and slender, 
united at the bases, and having 
very distinct white inflated tips . 0. fentstrata, 
rather long, strong, and divergent; 
they do not quite coalesce at their 
bases, bein^ separated by a distinct 
groove, which is the continuation 
of one on the snout from the point 
where the notch ceases ; terminal 
bulbs not much developed . . 0. sealaris, 
short, broad, very little folded and 

diverging 0, rufa, 

short, very oluntly pointed and leaf- 
lik^ having large and extremelv 
flexible lateral membranes, which 
do not coalesce for half their 
height, and are capable of instan- 
taneously assuming various shapes 0, lactea. 
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Tentacles marked with a paleish puiple streak; 
when spread they have the lateral 
membranes united almost to the 
tips, which are minute and acutely 
pointed, so that the tentacles then 
appear like a single united leaf . O.piuilla. 

short, often folded inwards, like a 
round and undeveloped leaf, pro- 
truded horizontally . . .0. SciUcB. 

diverging almost at a right angle, 
and resembling short, broad, mi- 
nute leaves, each marked with an 
opaque white stripe or vein through 
the middle, they bevel to a fine 
edge, and can, with their large 
flexible margins (like the tentacles 
of all other species of Odostomia) 
simulate ear-shaped folds ; tips but 
slightly developed . . . . 

cvlindrical 
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ab-shaped, somewhat compressed, 
thick and rather long, sometimes 
enlarged towards the tips (which 
are blunt), widely diverging, but 
united at their bases; they are more 
or less strangulated or constricted, 
usually at about one-fourth of the 
distance from their bases, the cilia 
with which they are covered seem 
to produce a circulating current . 
awl-shaped, approximating at their 

bases 

short, but slender and pointed, 
slightly diverging outwards ; every 
part except uie base is streaked 
lengthwise wi^ golden yellow or 
orange, and the whole is covered 
with a transparent gelatinous 

sheath 

cylindrical, rather short and diverg- 
ing, with blunt tips . . . . 

long and slender, ]^laoed close toge- 
ther at their origin, and diverging 
at an acute ancle .... 

ratilier lonc^and slender, with rounded 

tips : uiey diveree at an angle 

of about 25° ; at the base of each 

is a patch of flake- white . . . 

„ rather long . . . . . 

Eyes sessile at the inner base of the tentacles, 

and placed near to each other . . . 

placed rather more on the outer than the 

inner base of the tentacles . 
laige and blacky not on pedimcles or pro- 
minences, but fixed each on the centre 
of the base of either tentacle, with very 
litde external inclination, and widely 
apart ; on l^e march the eyes are 
usually carried within the margin of 
the shell ...... 

immersed at the base of the tentacles, and 
placed rather lateraUy . . . . 

black, not very near together, immersed 
close to the base of the tentacles, on 
minute white circles . . . . 

immersed in the skin or outer integument, 
and placed on the neck a little behind 
the tentacles . . . . . . 

at the inner bases of the tentacles, not 

very close together 
small, placed close together . • . . 
placed somewhat apart .... 

verv black, situatea exactly at the internal 
Ibases of the tentacles, immersed in 
the skin, so dose to each other that a 
hair can scarcely be laid between 

them 

rather dose together in the centre behind 

the tentacles 

close together, sunken in the membrane 
whi(£ connects the tentacles 



0, acicula, 
Stilifer, 



S, Turtoni, 
Eulima. 



E. polita, 

E, intermedia, 

E distorta. 



E, stenostoTna. 
E, bilineata. 
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A, unices. 

A. mpranitida. 



A, ChdwMB, 



Odoatamia, 

0. clamUa, 
0, aJbeUa, 
0, pallida. 
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Eyes very small, placed close together on the 
middle of the neck, between the ten- 
tacles at their inner bases . 
not quite so dose together as in some other 
species, seated on the tentacles at their 

inner bases 

close together 

dose together, at the internal basal angles 
of the tentacles 

close together, at the united internal bases 
of the tentacles 

as usual 

very close together, exactly at the internal 
Dases,not immersed, but a little elevated 
on minute prominences . ... 

very black, conspicuous, and close 
together 

small, rather close together, at the inner 
base of the tentacles, sometimes with- 
drawn under the shell when the 
animal is crawling ..... 

large and black, placed behind the fork 
of the tentacles, on their internal 
angles . . . . . 

conspicuous, close together, and imbedded 
at the inner angles of the tentacles . 

black, not very close together . 

placed on the inner bases of the . ten- 
tacles 

at a little distance from the internal line 
of the tentacular bases . . . 

smaU, black, placed close together behind 
the tentacles 

very black, not quite close together, and 
placed a little oehind the inner bases of 
the tentacles . . . . 

sessile, placed on the neck behind the 
tentaxsles 

exceedingly small, placed at some distance 
behind the tentacles .... 

almost sessile, placed at the external bases 
of the tentacles, or nearly behind them 
on the neck 

large, black, and round, placed close 
together on slight and minute emi- 
nences, each of which is encircled by 
a ring of golden yellow, on a level 
with the base of the tentacles ; this 
part is seldom protruded, although 
the eyes are conspicuous through the 
sheU . . . . . 

small and black, placed dose together on 
short bulbs ; they are always con- 
spicuous ; each is encircled by a dark 
orange disk ...... 

black, placed on slight bulgings of the 
tentades at their outer base . . • 

small and black, persistent after death, 

when they are distinctly seen through 

the shell ....»• 

Foot lanceolate, and double-edged in front . . 

slender, greatly hollowed out in front, and 
deeply labiated, having distinct long 
arched, linear aurides, which pletv or 
vibrate when the animal is craw! 
beneath which it is slightly constrid 
it terminates in a rounded, rather 
broad point ; no median line is apparent 
in any part of the sole 

having the upper edge somewhat detached, 
narrower than the sole, and extended . 

exceedingly short, narrow, deeply bifurcated 
in front^ roimded behind when at rest, 
and a little lengthened in action ; the 
front ecTge is long, slender, grooved at 
the margin in front, and on each side, 
the upper and lower surfaces being 
entire 

flexible, more or less concave in fr^nt, with 

longish auricles, below which it is 

constiicted ; the margins are 



0. tunrita. 



O, j^licata, 
O. tnsculpta. 



O, diaphana. 



O. obliqua. 
O. dolioliformii 



O, decuuata, 
O. indistineta. 
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O, tpiredis. 



O, femstrata, 
O, scalaris. 



O, rufa, 
0. lactea. 
O.Scillte. 

O, acicula, 
SHlifer, 
8, TurUmi, 

Eulima, 



E, politer 
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E, iniermedia 
E, distorta. 



E, hilineata, 
PyramideUidi 
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thin, and often folded upwards ; it is 
either bluntly oTsharplypointed behind ; 
when the ammal is in motion there is 
each side of the foot a marginal 
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series of about eight very minute glossy 
points • • 

Foot short, squarish in front, narrowed or con- 
stoicted in the middle, . broader, and 
bluntly-pointed behind; sole edged 

vnth yellow 

„ short, truncated, and slightly notched in 
front, where it is indistinctly auricled 
at each comer, terminating oehind in 
an abrupt and short point • 

large, rather lon^, membranous, generally 
reflected at the sides on itsefi (which 
reflexion it in some measure retains on 
the march), deeply arched in front, 
causing the flanis to be pointed ana 
graduidly tapering behind in a bluntly- 
angular point ; sole slit in the middle 
in front . . . . • • 

short, of a more opaque white than the 
rest of the body; it is ezcayated in 
front, and so deeply divided or lobed 
as occasionally, when folly extended, 
to present the appearance of a second 
pair of short tentacles; it terminates 
oehind in a more or less obtuse 
point 

short, truncated in front, and slightly 
eared, sloping behind to a broad, ob- 
tuse, lance-sluiped point ; sole in front 
flake- white, behind nyaline, with a pure 
longitudinal line alon^ the centre of 
the posterior half; it is divided from 
the upper disk by a shallow groove, 
giving the foot a labiated aspect . 

rather broad, more or less indented (and 
now and then deeply bi-lobed) in front, 
obliauelv truncated and irregularly bi- 
lobea behind 

squarish in front, and bluntly-pointed be- 
hind ; sole slightly croov^ lengthwise 
on the posterior half .... 

deeply notched in front, forming at each 
comer a divergent acute auricle, be- 
hind which it becomes a little con- 
stricted, and terminates in two sym- 
metrical distinct pointed tails or 
streamers, which describe an angle of 
separation equal to that of the fore and 
middle Angers when placed as far apart 
as possible ....... 

long, oroad, and thin, rather concave in 
front, slightly auricled, and when fully 
extended reaching beyond the body 
whorl in front ; it terminates in a dis- 
tinct bifurcation, which is very apparent 
on a slow inarch, but on a quicker pace 
being attained the fork in some measure 
decreases, in consequence of the greater 
extension of the foot .... 

short, concave in front, slightly auiided, 
terminating obtusely behind 

apparently divided into two parts ; the an- 
terior or front portion is constricted, 
slender, attenuated, and very extennle, 
slightly auricled and notched^ and 
nearly dear white; the posterior or 
hinder portion is somewhat oval, shor^ 
broad, neshy, of an opaaue pale drab, 
and aividea in the midale by a deep 
longitudinal fissure or groove, that 
seems almost to sepeiate this poJiion 
into two eqiial lobes, which tenninate 
together in a rounded pointy with a 
narrow central notch . . . . 

latSier broad and truncated in fronts with- 
otLt the usual ear-shaped points at the 
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comers, becoming a little constricted 
behind, and havmg a very rounded 

extremity Q, decuMota* 

Foot large, long, and extensile, thin, nearly 
transparent, either truncated or concave 
in front (dependinc^ on the will or 
action of the anim{a),.with very large 
auricles, which in progression are used 
as feelers; the edges are often folded 
inwards ; it ends in a needle point 

short and narrowish, truncated or slightly 
indented in front, with small auricles^ 
behind which it is constricted for about 
one-third of its length; tail bluntly 
pointed 

rather broad, slightly auricled, and sinu- 
ated on each side ; sole slightly grooved 
lengthwise in the middle ; tail roimded 
when the animal is at rest or at half 
stretch, and bluntly pointed in full 
march . . . . . . .0. aptro^M. 

in slow march short, broad, and obtuse; 
but when the pace is accelerated it be- 
comes attenuated and extends to the 
bottom of the penultimate whorl ; it 
makes in front a concave sweep, ending 
on the right and left in very slight ear- 
shaped points ; it has a somewhat lan- 
ceolate shape behind .... 

short, slightly aurided, and bluntly pointed 

l>ehind 0. scataris. 

large, moderately long, anricled in front, 
tapering behmd to a point when at full 
stretch, but rounded when at rest . 0, rufd, 

truncated in front, very slightly auiided, 
narrow, not very long, attenuated, and 
tapering behind to a rounded broad 
termination « . • . • . 

much longer than in last spedes, extending 
on the march to the last whorl but two, 
and terminating in almost a needle 
point ; whilst in the preceding species, 
imder the same circumstances, it is 
quite rounded, and does not reach be- 
yond the last or body whorl « 

long and broad, truncated in front, with 
rather acute angles or comers, abmptly 
ending behind in a minute point or 
tan 0. Seilla. 

long (often extending on the maroh to the 
antepenultimate whorl), and very thin, 
square in front, and expanding at the 
comers into rather sharp-pointed au- 
ricles, behind which it is gradually 
constricted towards the upper part of 
the body, and terminates in a narrow, 
slender, and acute point 

tongue-shaped, and partly tubular, with a 
slit in tne sole 

dongated, in front bulbous, and forming a 
creeping disk, behind somewhat tubmar 
and tapering to a fine point ; the sole is 
slit backwards down the middle for 
more than three-fourths of its length, 
the opening or commencement of t^e 
slit being of an oval shape . . . 

lanceolate, double-edged as well as trun- 
cated, and usually bi-lobed in front . EuMma, 

small, and mostly short; squarish and 
broader in front, with angular comers 
or lobes edged with yellowk narrower 
towards the middle, and sharply 
rounded behind; the inner fold or 
groove formed by the front edge is 
closdy lined wim vibratory ciLa in 
constant and rapid motion; sole flake 
white, slightly fiurowed down the 
middle -^ v » • • , . 

shortish, slightly doven in front, and 
bluntly pointed behind, expanded 
towaiois tfie sides • • • . 



O.ptuiUct, 



99 



91 



99 



99 



0. aoicula. 
SUUfir. 



8.Twionu 



» 



» 



E. polUa. 



>» 



E^inUrmedia* 



0P 



mmFmr^ 



751 PYRAMIDELLIDiE. 

Foot elongated, rounded in front, and bluntly 

pointed behind . . . . . E, distorta. 

„ broad, squarish, and slightly bi-lobed in 
front, narrowing behind to a bluntly 
rounded point . . . . , E, st^iostomx. 

Branchial apparatus consisting of a single gill 

plume PyramidelluUc. 

Branchial plume narrow and curved, consisting 

of about 15 to 18 rather 
coarse, opaque, pale drab 

strands Aclia Gulsonr. 

„ single (?) .... Stilifer. 

„ single (?) Eulvma. 

Tongue unarmed or toothless .... Pyramidelliihr. 
No denticulated tongue . . . . . Stilifer. 

No tongue Etdvma, 

Body clear white, with very minute and close- 
set flashy specks Aclis unica, 

„ entirely white A. supranitida, 

„ flake- white, with a faint tinge of yellow . A, GuUonas, 

„ clear frosted white Odostomia da- 

viUa, 

„ cream colour, streaked with sulphur, some- 
times clear white, gelatinous, and of a 
gmnukr texture under a high magnify- 
ing power 0. albeWu 

„ white, covered with minute yellow specks 0. pcUlida. 

„ clear bluish white throughout, with faint 

streaks of flake-white . . . . 0. conoidea, 

„ dirty white, speckled with pale yellow, red, 
brown, or lead colour points, which are 
irregularly distributed over many of the 
external orgaas 0. acuta. 

„ clear bluish white 0. unidentata. 

„ white, with a bluish tinge, covered with 
exceedingly minute granules, which give 
the surface, especially the foot, a frosted 
appearance 0, tunita, 

„ whitish, with minute and close-set yellow 

specks O.pUcata. 

„ opaque frosted white, with a rather large 

patch of dull claret-red on the back . 0, insculpta, 

„ brilliant frosted subhyaline white . . 0, diaphana. 

„ clear white, with a shghtly frosted appear- 
ance 0, oblimta. 

„ hyaline, pale azure O.doliotiformU, 

„ clear white, except the head, which is pale 

pink or red 0. deeussata. 

„ nearly clear white, with a pale yellowish 
tinge, overspread or powdered with 
minute snow-white flakes or lemon- 
coloured points 0. indisiincta, 

„ white and transparent . . . , 0. interstmcta, 

„ clear white, dehcatelv suffused with snow- 
white points of different sizes . , , 0. spiralis, 

„ nearly clear white, with a frosted aspect ; 
the neck is marked on each side, as far 
as the tentacles, with a pale lead-coloured 
stripe of unequal breaath, which is com- 
posed of very minute points, so as to 
give the stripes a mottled look ; a tinge 
of the same colour pervades the basal 
portion of the tentacles and upper sur- 
face of the foot 0, fenestrata, 

„ nearly clear frosted white or pale red- 
brown 0, scalaris, 

y, ot a clear pale azure colour, irregularly 

aspersed with snow-white flakes . . 0, rufa. 

„ dear white 0, lactea, 

„ milk-white, microscopically speckled with 

flake-white 0. SdlUe. 

„ nearly clear frosted white, mixed with 

minute snowy flakes . . . . 0. adada, 

„ white, and delicately stippled . . , StiUferTurtoni. 

„ whitish; front tinted with pale yellow, and 
more or less speckled witn golden yellow 
or bright orange • • . • . Eidima polita. 

„ milk white . . . . . , E, intennedia, 

„ whitish, mottled with reddish brown . . E, distorta, 

„ milk-wnite , E, stenostoma. 

9, whitish, with a faint tinge of yellow. • . E, bilineata. 
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Mantle furnished with a cylindrical fllament at 
the upper angle of the mouth of the 

shell Aclis unica. 

„ even with the shell A. Oulsona^ 

„ plain edged, somewhat folded, so as to 

form a slight canal .... OdostomicL 
„ folded at the upper angle of the mouth 
of the shell, so as to form a tubular 

canal O. acutcu 

„ having the usual fold at the upper 

an^e of the aperture of the shell . O, insctdpta. 
„ forming a conspicuous tubular fold at 
the upper angle of the aperture of 

the shell O, diaphana. 

„ occasionally forming a small conduit or 
fold at the upper angle of the aper- 
ture of the shell . . . . O. obliqua. 
„ slightlv channelled at the upper angle 

of tne shell on the right side . . O. dolioliform 
„ having a small offiset at the upper angle O. fenestrata. 
„ having a small cloven fold at tne upper 

angle of the mouth of the shell . O. scalaris. 

„ even, with hardly a trace of the usual 

branchial fold O. lactea. 

„ having the usual fold at the upper comer O. ociculo. 
„ folded on the right side, so as to form a 
slight branchial canal, and spread 
over the base of the shell . . Stilifer. 

„ thickened at its edges ; canal terminat- 
ing in an oval or roundish hole . S. Turtoni. 
„ having a rudimentary branchial fold . Eulima. 
„ fleshy, with a plain margin, not re- 
flected over any part of the shell . E. polita. 
„ rather thin ; edges even with the mouth 

of the shell K. intermedia 

„ thin, stippled with brown. . . . E. stenostoma 
Neck very long, cylindrical, and finely wrinkled 
across ; the vertical fissure of the mouth 
lies imder the tentacular membrane . Aclis Chtlsona 
„ greatly protruded, showing on the mouth 
a canal or groove, bounded by two 
parallel longitudinal lines . . Odostomia cl 

vula. 

Opercular lobe simple Aclis unica. 

,» ample, of a dlflerent shape on each 

side, being on the risht large, 
and forming three or four folds, 
on the left produced into a single 
roimded lobe, which is folded 

behind A. smranitidt 

„ plain A. ChdsowB. 

„ simple Odostomia d 

cusscUa. 
„ simple and obscure . . . O. indistincta 

„ obscure . . . . . O. lactea. 

Shell small, conically pyramidal . ... PyramidelUdt 

„ elonrated Aclis. 

„ needle-shaped, thin, semi-transparent, 

somewhat glossy A. unica. 

„ forming an elon^ted and slender cone, 
rather solid for its size, semi-transparent, 
and somewhat glossy . . . . A. ascaris. 
„ ten times larger than in A, ascaris, and 
otherwise differing therefrom, in not 
being so slender, and in having a much 

broader base A. iupraniOdi 

„ formmg an elongated cone, very thin, 

transparent, and lustrous . . . . A. WaUeri. 
„ slender, rather cylindrical than conical, 

very thin, transparent, and lustrous . A. Oulsonce, 
„ forming a cone of various lengths . . Odostomia. 
„ forming an oblong cone, very thin, tranjs- 

parent, and lustrous . . . .0. minima. 
„ formmg a cylindrical cone, not veiy thin, 

transparent and glossy . . . . O. wivosa. 
„ like that of 0, nxvosa in shape, but far 
larger, proportionally much thiimer, and 
of a more delicate texture . . ,0, tryimaUula, 
„ nearly cylindrical, with a rounded and 
produced base, thin, transparent, and 
Vo^^^ 0. ckuvula. 
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Shell, nearly cylindrical, solid, opaque, glossy . 0. Lukisi. 

„ cylindro-conical, rather thin, semi-trans- 
parent, and of a dullish hue . . . 0. alhella. 

„ conic oblong, inclining to oval, thin, trans- 
parent, and glossy 0. rissoidea. 

„ somewhat spindle-shaped in consec^ience 
of the elongation and angularity of the 
base, rather solid, nearly opaque, and 
moderately clossy 0. jxiUida. 

„ oblong, conical, with a narrow and some- 
what pointed base, solid, nearly opaque, 
of a polished lustre . . . ' . 0. coaoidea. 

„ forming a short cone, tliin, transparent, 

and remarkably glossy . . , . 0. umbilicaris. 

„ pyramidal, with a broad base, rather solid, 

but semi-transparent and lustrous . .0. acuta. 

„ forming an elongated cone, with rather a 
broader base, solid, opaque, glossy, and 
of a polished appearance . . . . O. coiuiricua. 

„ a rather long cone, with a broad base, solid, 

almost opaque, and glossy . . . O. unideiitata, 

„ forming a somewhat cylindrical cone, 
strong and solid, semi-transparent and 
glossy (>. tiwrita. 

„ slender, with a narrow and attenuated 
base, thin, slightly channeled, and 
somewhat oblique 0. insculpta. 

„ inclining to spindle-shaped, very thin, 

nearly transparent, and lustrous . . 0, diaphana. 

„ shaped like a imivalve Limnoia of the 
stagnalis type, extremely thin, trans- 
parent, and glossy 0. obliqua. 

„ oval, resembling Dolium perdix in shape, 
rather thin, semi-transparent, and some- 
what glossy 0. dolioliformis. 

„ conic oblong, with a i-ather narix)w base, 
thinnish, semi-transparent, and some- 
what glossy 0, dtcmsata. 

„ cylindro-comcal, solid, opaque, and not so 

glossy as most of its congenei's . . . 0. clathrata. 

„ cylindrical and slender, rather thin, semi- 
transparent, and glossy . . . . 0. indktiucta. 

„ conic oblong, rather solid, send-transpa- ^ 

rent, and glossy . . . . . O. inttrdincta. 

„ conic oblong, inclinhig to oblong, with 
a wide base, which is somewhat angu- 
lated, rather solid, semi-transparent, and 
closay 0. spiralis. 

„ oblong, rather solid, semi-transparent, and 

glossy 0. eximia, 

„ forming an elongated pyramid, rather solid, 

almost opaque, glossy . . . . 0. fmestrata. 

„ pyramidal, solid, opaque, rather glossy . 0. excavata, 

„ forming a very elongated cone, moderately 

solid, opaque, rather glossy . . .0. scalaris, 

„ forming an attenuated cone, moderately 

solid, opaque, and glossy . . . . 0. rufa. 

„ forming a greatly elongated cone, rather 

solid, nearly opaque, and glossy . . 0. kidea. 

„ shorter and more cylindrical than in 0, 
lactea, being of nearly equal breadth 
throughout, instead of pyramidal, and 
becoming gradually broader towards the 
base ; it is also more solid . , . 0, pudUa, 

„ forming a greatly elongated cone, with a 
comparatively broad oase, rather solid, 
senu-transparent, and of a polished 
lustre 0. Scillw, 

„ fonning an attenuated and somewhat 
cylindrical cone, rather thin, semi-trans- 
parent, and of a polished lustre . . 0, acicula. 

„ needle-shaped, very thin, transparent, and 

lustrous 0. nitidissima. 

„ oval or elongated . . . . . . Siilifer. 

„ globosely conical or oval, with an obliquely 
rounded base, thin, semi-transparent, 
and lustrous S. Turtoni, 

„ awl-shaped, polished, and lustrous . . Eulima, 

„ club-shaped, solid, opaque, and extremely 

glossy E. polita, 

„ smaller than in E. polita, having a nar- 
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rower base, and is consequently more 
spindle-shaped ; it is not q^uite so solid, 
and live specimens are semi-transparent 
Shell, much smaller, slenderer, and thinner than 
in either of the foregoing species . 

spike-shaped, slender, thin, transparent, 
"lossy, and of a brilliant lustre . 

awl-shaped, ratiier thin, semi-transparent, 
of a polished lustre 

a miniature resemblance of that of E. siih- 
ulata, but proportionally more solid, 

and less slender 

Spire, pointed, with an inilucted and luustly a 

revei-sed ai)ex 

„ elegantly tapering to a blunt point, which, 
when viewed sideways, appears button- 
shaped, and projects a little beyond 
the succeeding part of the spire ; if 
viewed from above, it appears in- 
flected ; whorla, i) or 10, moderately 
convex, and gradually increasing ; the 
fii*st whorl and half the next form the 
apex of the spire ; suture deep, rather 

oblique 

„ tapering to apparently a line })oint ; whorls, 
8 or 9, convex in the middle, but com- 
pressed or sloping on the upper i)art of 
each towards the suture, tney enlarge 
rather suddenly ; suture dee]), and 
rather oblique 

conformable to the family type ; suture 
more deeply excavated than in A. as- 
caris, and the whorls 12 in number 

tapering to a blimt point, which is unmis- 
takably introverted ; whorls 10, rather 
convex in the middle, with a slope above 
and below ; suture deep, and nearly 
straight 

gradually tapering to a blunt and nearly 
globular point, which is decidedly in- 
troverted, but not sinistral ; whorls 6 
to 7, convex ; suture deep, rather 
oblique 

having the first or top whorls sinistral, 
and turned backwards . . . . 

gradually tapering to a blunt, nearly glo- 
bular, and inverted point ; whorls 4 
or 5, convex ; the last is proportionally 
broader than the next, and exceeds in 
length the rest of the spire when the 
shell is placed with its mouth upper- 
most ; suture deep, scarcely oblique . 

tapering to an abrupt rounded and in- 
verted point, the apex being simk or 
involved in the extremity of the spire ; 
whorls 4 to 5, somewhat compressed ; 
the last exceeds all the rest in length 
and bulk ; suture rather deep, dis- 
tinctly marked by the uppermost spiral 
ridge 

turreted in aspect, owing to the deep 
channeling of the suture ; whorls 6 or 
7, flatter tnan in 0. nivosa . 

turreted, and apparently truncated at the 
point, which is rounded and inverted ; 
whorls 4 to 5, rather convex, although 
compressed and gradually enlarging ; 
the last two are almost equal in breadtli, 
and the body whorl somewhat exceeds 
in length the rest of the spire ; suture 
nearly straight, slightly chamieled 
above ; it is deftned on the inner side 
by a narrow rim, arising from the 
double layer of shell in that part, the 
upper edge of the lower whorl being 
soldered on the periphery of the pre- 
ceding whorl 

abruptly terminating ; whorls 5 to 6 ; 
convex, compact, gradually enlarging ; 
the penultimate one projects a nttle, 
and 18 nearly as broad as the last, which 
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occupies about three-fiftlis of the shell; 

suture riither deep 

Spire, tapering to a blunt point ; the apex shows 
distinctly the revei*sed and inverted 
embrj'onic nucleus ; whorls 5 to G, 
rounded, but somewhat compressed, 
gradually enlarging ; the last occupies 
about three-fifths of the shell ; suture 
shallow, but incised ; below it each 
whorl appears encircled by a narrow 
band, as in 0. rissoides. 

„ turreted, and tapering to a blunt point ; 
the nucleus is concealed ; whorls 5, 
rapidly enlarging ; the last occupies 
two-thirds of the shell ; suture rather 
deep ; in living or fresh specimens the 
dark spiral band noticed in other 
species is observable below the suture 
on the top of each whorl • . . 

„ finely and regularly tapering to a blunt 
point ; nucleus concealed ; wKorls six 
or seven, rather compressed, rapidly 
enlarging ; the last occupies nearly two- 
thirds of the shell ; suture more or less 
oblique, not deep, but distinct; the 
marginal band is observable in yoimg 
specimens only 

„ tapering to an abrupt extremity, nucleus 
concealed and twisted inwards ; whorls 
eight, nearly flat, and gradually enlarg- 
ing ; the last constitutes about one-half 
of the shell ; suture narrow and slightly 
channeled ; it slopes downwards from 
the peripheral keel on each of the upper 
whorls 

„ short, ending in a rather blunt and 
rounded point, owing to the inversion 
of the apex ; whorls 5 or 6, convex very 
compact, gradually enlarging ; the last 
occupies three-fifths of the shell; suture 
deep, imparting a slightly turreted ap- 
pearance to the whorls ; owing to the 
transparency of the shell, the periphery 
of each of the upper whorls appears like 
a narrow bancf round the top of the 

succeeding whorl 

gradually tapering ; nucleus exposed and 
inverted on the back in nearly a hori- 
zontal position ; whorls 6 (besides the 
embryonic onesrounded),although com- 
pressed, compact and gradually enlarg- 
ing, the last occupies about one-half of 
the shell ; suture very narrow and 
slightly excavated, sloping a little down- 
wards in consequence of the peripheral 

•Ixvt^X • • • • • • • 

pyramidally tapering ; nucleus exposed 
and lying in nearly a horizontal posi- 
tion across the apex ; whorls 8 (besides 
2, which are embr}^onic and revei-sed), 
flattened ; the last occupies about one- 
half of the shell ; suture narrow, but 
excavatetl, sloping downwards in con- 
setjuence of the peripheral keel . 

„ shortish; nucleus exposed, diverted, in 
some specimens backwards, and in 
others forwards; whorls 6, besides those 
of the embryonic nucleus ; they gra- 
dually enlarge and are nearly flat ; the 
last equal in length to tlie rest of the 
spire ; suture narrow, but distinct, de- 
fined above by the peripheral keels 
from which it slopes aownwaixis . 

„ rather long, turreted and abruptly termi- 
nating; nucleus exposed, usually twisted 
fon\'ards ; whorls 5 to 6 (besiaea those 
composing the nucleus), convex and 
gradually enlarging ; the last forms 
one-half of the spire, and scarcely ex- 
ceeds the next in breadth; suture nar- 
row, but well defined .... 
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Spire, long and finely tapering to a blunt point, 
nucleus exposed, and pointed in diffe- 
rent directions ; whorls 5 or 6 (exclu- 
sive of the nucleus) rounded, but much 
compressed, and gradually enlai^ing ; 
the last occupies rather more than one- 
half of the shell if viewed with the 
mouth downwards ; suture slight, some- 
what more oblique than in the last 
species . 

„ long, somewhat turreted, and having a 
truncated apex ; nucleus obliquely de- 
clining and concealed ; whorls 6, con- 
vex, although more or less compressed; 
each has a narrow and thick rim im- 
mediately below the suture ; the rate 
of their enlargement is rather quick, 
the last occup}^g about one-lialf of 
the shell ; suture narrow, slightly chan- 
neled, and somewhat oblique 

„ rather long, abruptly truncated, nucleus 
obliquely declining and concealed, 
raised in front and twisted backwards ; 
whorls 4, convex and rapidly enlarg- 
ing ; the last occupies two-thirds of the 
shell ; the upper part of each is encir- 
cled by a thicKened rim ; suture narrow, 
but well defined, and oblicjue . 

„ long and tapering, somewhat turreted, 
nucleus partly exposed, and prominent, 
twisted upwards in front and sloping 
towards the back ; whorls 5 (including 
the uppermost, from which the nucleus 
springs), tumid, and very rapidly en- 
larging ; the hist constitutes more than 
two-thirds of the shell ; suture deep 
and oblique 

„ remarkably short; nucleus twisted hori- 
zontally in different directions ; whorls 
3 only (besides those of the nucleus or 
apex); they are ventricose, but com- 
pressed towards the suture and front 
edge, and suddenly enlarge ; the last 
occupies nearly the whole of the shell 
when viewed with the mouth upwards, 
and at least two-thirds when viewed in 
an opposite position ; suture channeled, 

rather oblique 

produced, sligntly turreted, nucleus raised 
in front on one side and twisted in- 
wards ; whorls 4 (besides those forming 
the nucleus) convex, and rather quickly 
enlarging; the last occupies nearly 
three-fifths of the shell ; suture deep and 
channeled, somewhat oblique . . . 
elongated and tapering to an abruptly 
pointed extremity; nucleus raised on 
one side and twisted inwards ; whorls 
6 or 7, evenly convex ; the last occu- 
pies more than two-fifths of the shell ; 
suture rather wide and deep, somewhat 

oblique 

considerably elongated and gradually 
tapering to an abruptly truncated ex- 
tremity; nucleus twisted inwards; 
whorls 7 or 8, convex, depressed below 
the suture and also on the upper part of 
the spire ; they shelve abruptly down- 
wards towards the suture on the lower 
side ; the last occupies about two-fifths 
of the shell ; suture narrow and deep, 
nearly straight on the upper part of the 
spire, becoming somewhat oblique on 
the lower part 

„ more or less elongated and tapering to a 
blunt extremity; nucleus smooth, 
higher on one side and twisted inwards ; 
whorls 5 or 6, compressed rather than 
convex, shelving abruptly towards the 
suture, each having a thickened rim 
roimd the top ; the last occupies more 
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than one-half of the shell ; snture nar- 
row, but deeply excavated, scarcely 

oblique 

Spire, pyramidal and ending in a blunt point ; 
nucleus obliquely t^ii-isted inwards; 
whorls 5 or 6, convex but flattened, 
rapidly enlarging, and abruptly Bhelv- 
ing towards the suture ; the last occu- 
pies about three-fifths of the shell; 
suture narrow and deeply excavated, 
nearly straight 

„ tapering to a rounded point, nucleus glo- 
bular and twisted inwards in various 
directions ; whorls 4 or 5, very convex 
and almost tumid, gradually enlarging ; 
the last occupies more than half the 
shell; suture very deep and nearly 
straight 

„ remarkably turreted, in consequence of 
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each whorl being broader at the base 
than the upper part of the succeeding 
whorl, ana appearing to overlap the 
suture in an imbricating manner; 
nucleus somewhat excentric and promi- 
nent, abruptly twisted inwards ; whorls 
8 or 9, compressed or shelving upwards 
towards the suture, and moderately on 
the lower part ; the last occupies about 
one-third of the shell ; suture deep and 
slightly oblique 

„ tapenng to a bluntly roimded point ; nu- 
cleus somewhat excentric, and twisted 
inwards ; whorls 6, turreted, flattened 
(except for the angiilaritv caused by the 
excavated sculpture), and gradually en- 
larging ; the last occupies rather more 
than half the shell ; suture broad and 
remarkably deep, slightly oblique 

„ tapering somewhat abruptly to a rounded 
point, which forms the nucleus or 
crown ; this is remarkably prominent, 
and although twisted inwards, it ex- 
poses nearly the whole of the reversed 
portion of the spire ; whorls 8 (exclu- 
sive of the nucleus), tiu'reted, convex, 
but compressed, and gradually enlarg- 
ing ; the last occupies about two-fifths 
of the shell; sutiu^ deep, slightly 
oblique 

„ gixiatly elongated, tapering to a rounded 
point which forms the nucleus ; this 
13 remarkably prominent, and exposes 
the reversed and compact spire of the 
embryo, which bends downwards to the 
first regular whorl in various directions ; 
whorls 10 to 13 (exclusive of the nu- 
cleus), convex, although more or less 
compressed, and gradually enlarging ; 
the last occupies from a third to a 
fourth of the shell ; suture narrow 
and deep, slightly oblique . 

„ tapering to a rounded point ; embrj'onic 
nucleus as in the last species ; whorls 
12 (exclusive of the nucleus), mode- 
rately convex, and gradually enlarging, 
the last occupies from a fourth to a 
third of the shell ; suture narrow and 
deep, slightly oblique .... 

„ has a quasi-truncated appearance owing to 
the rapidly increasing size of the 
whorls, which are more rounded and 
compact than those of 0. lactea, and 12 
in number (excluding the nucleus) 
tapering to a rounded point, nucleus ex- 
posed, twisted horizontally across the 
top of the first regular whorl, and 
resembling a young Spinalis retrover- 
8us; whorls 11 or 12 (exclusive of the 
nucleus), gradually enlarging, flattened 
(especially on the upper part), more or 
less angulated on the lower part and at 
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the base of the shell, which is remark- 
ably depressed, and contracted inwards ; 
the last whorl occupies about one-third 
of the shell ; suture very narrow, sliglitly 
excavated, and nearly straight ; it ap- 
pears, like many of its congeners, edged 
by a darkish band on the upper part 
of each whorl, owing to the periphery 
of the preceding whorl being visible 
through the partial transparency of 

the shell 

Spire, gradually tapering to a blunt point ; nu- 
cleus like that of the last species ; 
whorls 8 to 9 (besides the nucleus), 
regularly increasing in size ; they are 
usually flattened, but never angulated ; 
the last occupies from nearly half to a 
thirtl of the shell ; suture very luirrow, 
slightly excavated, somewhat oblique, 
and margined in the manner descrioed 

in other species 

„ gracefully tapering to a blunt point, nu- 
cleus entirely exposed, and twisted 
obliquely upwards in various directions, 
resembling a miniature Spirialis; whorls 
7 (besides the nucleus), very convex, 
and gradually enlarging ; the last occu- 
pies rather more than one-third of the 
shell ; suture wide and deep, decidedly 
oblique, and microscopically notched 
across 

compact, with a stiliform and excentric. 
apex 

divided into two parts, the first formed 
part, or nucleus, consisting of a minute 
and very short cylinder, which is erect, 
although twisted slantingly in difierent 
directions ; the other part or main body 
of the species short and abruptly sepa- 
rated from the nucleus ; whorls 3 or 4 
(besides 2 or 3, which compose the 
stiliform apex), very tumid, and rapidly 
enlarging ; the last is enormous in pro- 
portion to the others ; suture rather 
slight but distinct .... 

finely tapering to a regular point, with 
an extremely slight suture or line of 
separation between the whorls . 

long, somewhat cylindrical, and sharp- 
pointed, the upper part is occasionally 
curved ; whorls 15 to 18, nearly flat, 
compact, and gradually enlarging, ex- 
cept the last, which occupies about 
one-third of the spire ; the first semi- 
globular, and it appears to be diverted, 
and to have a bright spot or nucleus in 
the centi-e ; suture slightly oblique, de- 
fined more by the darker colour of the 
line where one whorl envelopes the 
periphery of the next above it than by 
any groove 

proportionally shorter, and never twisted ; 
whorls 15 to 16, more compact, and less 
flattened than in the other species; 
suture marked by a broad clear band . 

narrow, more or less curved so as to give 
the shell a distorted appearance ; whorls 
10 to 15, flattened ; suture marked by 
fine line 

elongated, ending abruptly in a blunt 
and semi-globiilar point ; whorls 9, 
drawn out and gently swelling ; the 
last occupies nearly one-half of the 
spire; suture oblique, defined by a 
rather broad hem or border of flake 
white, which is encircled imdemeath 
by a clear and narrow line ; this hem 
or boixler arises from a thickening of 
the shelly material to form the suture 
or commissure 

tapering to a fine point ; whorls 12 to 13, 
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rounded but compressed, the last occu- 
pying about three-sevenths of the 
spire; suture oblique, defined by a 
narrow dark line .... 

Mouth, oval, somewhat angulated, but not chan- 
neled below; outer lip tliin . 

slightly expanded, and having a more or 
less complete peristome ; pillar never 
furnished with any fold or tooth 

exactly oval, effuse below; outer lip 
slightly flexuous, inciu'ved above ; inner 
lip thin, adhering to the pillar, connected 
with the upper Ep at the outer comer ; 
there is no umbilicus, but the base is 
narrowly depressed behind the pillar . 

exactly oval, eflfuse below ; outer lip 
slightly flexuous, incurved above, more 
or less thickened near the edges, so as 
occasionally to form a varix in an 
earlier stage of growth ; inner lip 
somewhat thickened and adheiing to 
the pillar, reflected near the base ; it 
is imperfectly connected with the outer 
lip at the upper comer ; behind it is a 
small and narrow umbilical chink 

more round than oval .... 

roundish oval, considerably dilated at 
the base ; outer lip flexuous, prominent, 
and somewhat expanding ; inner lip 
nearly straight and reflected at the 
base, apparently wanting on the upper 

gart ot the pillar ; therefore separate 
'om the outer lip ; umbilicus small 
but distinct 

roundish oval, having the outer base 
somewhat truncated and deeply sinu- 
ated or almost notched ; outer lip re- 

• markably flexuous, prominent, and ex- 
panding ; inner or nillar-lip short, 
nearly straight, and slightly reflected 
near the base, not united with the outer 
lip ; behind it is a slight depression and 
narrow chink, but no umbilicus . 

expanding at the base ; inner lip verj- 
rarely united with the outer lip ; piUar 
usually straight and furnished in the 
middle with a single tooth or plait 

exactly oval, slightly expanded, but en- 
tire at the base ; it occupies nearly 
one-third of the shell ; outer lip some- 
what flexuous, but neither prominent 
nor expanded ; inner lip thin, adhering 
to the upper slope of the base, and 
slightlv reflected oelow; it is united 
with tne outer lip so as to form a con- 
tinuous but indistinct peristome ; um- 
bilicus small and narrow; tooth or fold 
slight and seldom visible 

oval, much narrower above than below, 
where it is expanded ; it is scarcely 
equal in length to one-fourth of the 
spire ; outer up flexuous, inflected, and 
contracted at the upper part ; inner lip 
not very thin, adhering to the pillar, 
slightly reflected over the base, ana 
occasionally united with the outer 
lip ; umbilicus none, but a narrow 
chink may be observed in aged speci- 
mens; tooth small, usually concealed 
behind the pillar .... 

longer in proportion to the breadth than 
in 0. mvosa ; outer lip emarginate or 
notched near its junction with the body 
whorl; the tooth is plait-like or twisted 

oval, expanded below ; it occupies about 
one-third of the shell ; outer lip rounded 
but not prominent, contracted and 
somewhat sharply reflected above, just 
below the periphery; inner lip not per- 
ceptible on the upper slope of the base, 
slightly reflected, and but little curved 
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below; umbilicus very small and nar- 
row but distinct ; tooth or fold incon- 
spicuous or scarcely discernible . 
Moutli, oval, contracted allove, and expanded 
below, somewhat exceeding in length 
one-third of the spire; throat quite 
smooth ; outer lip incurved on the 
periphery; inner lip thickened and 
spread on the pillar, joining the outer 
lip at the upper comer of the mouthy 
and slightly reflected on the lower 
side ; umbilicus small but distinct ; 
tooth small, prominent, and placed op- 
posite the umbilicus 

„ oval, contracted on the outer side, 
slightly expanded and obtusely angu- 
lated at the base ; it usually equals 
in length one-third of the spire ; outer 
* lip slightly curved ; inner lip not much, 
spread on the pillar, nor imited above 
with the upper lip ; thickened and 
slightly reflected on the lower side; 
umbilicus none, although there is 
sometimes a narrow chink behind the 
inner lip ; tooth, small, retired, and 
nearly hidden within the pillar . 

regularly oval, not much expanded, nor 
at all angulated below ; it usually 
equals in length two-fifths (sometimes 
nearly one-half) of the spire; outer 
lip curved, and rather prominent; inner 
lip very slight on the upper part, form- 
ing a mere film on the pillar, thickened, 
and somewhat reflected on the lower 
part ; umbilicus usually none, although 
in specimens which have a short spire 
there is a more or less developed chink 
or indentation ; tooth small, and partly- 
concealed O. rissaides, 

more oblong than oval, contracted above, 
considerably expanded and angulated 
below ; its length is about three- 
sevenths of the whole spire ; outer lip 
gently curved, not very prominent ; 
inner lip very slight on the upper part, 
forming a mere film on the pular, 
thickened, and decidedly reflected on 
the lower part, where it is nearly 
straight ; umbilicus none ; the chink, 
when it exists, is extremely narrow or 
small ; tooth strong, partly concealed ; 
it is (as usual) placed on the pillar in 
the middle of tne inner lip, just where 
the reflection of the latter commences . 0. pallida, 

oval, contracted above, somewhat ex- 
panded, but scarcely angular below ; 
its length is about one-third of the whole 
spire ; outer lip gently curved, inflected 
just below the periphery; inside deeply 
grooved in the direction of the spire, 
uke the barrel of a rifle ; the grooves 
are 8 or 9 in number, and terminate 
in small denticles or notches within 
the mouth ; they are often visible out- 
side ; inner lip adhering to the pillar 
above the tooth, and joining the outer 
lip at its upper angle, reflected and 
curved below the tooth ; umbilicus 
small, but deep, partly covered by the 
reflexion of the inner fip ; tooth strong, 
prominent and conspicuous, placed just 
behind the umbilicus ; it winds round 
the pillar from one end of the spire to 
the other, like the worm of a cork- 
screw 

oval, expanding below ; it sometimes 
exceeds in length one-third of the 
spire ; outer lip slightly reflected, not 
much spread over the pillar, nor ex- 
tending to the upper part of the upper 
lip ; it is more or less angulated below ; 
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umbilicus very distinct, although small ; 
tooth small, prominent, and placed op- 
posite tlie umbilicus . . . .0. umbilicaris. 
Mouth roundish oval, contracted above, and 
somewhat expanded, but scarcely 
ano:ular below ; its length is less than 
a third of the whole spire ; outer lip 
gently curved, inflected just below the 
periphery ; inner lip adhering to the 
pillar above the tooth, and joining the 
outer lip at its upper angle, slightly 
reflected, and more or less curved 
below the tooth ; umbilicus, developed, 
and conspicuous, although small ; its 
entrance is through a channel behind 
the lower part of the inner lip ; tooth 
strong and prominent, placed just 
behind the umbilical opening ; in con- 
struction and extent it resembles that 
of the last species . . . . 0, actUa, 
„ rhomboidal, contracted above, consider- 
ably expanded and angulated below ; 
its length somewhat exceeds a third of 
the whole spire ; outer lip obtuse, 
angled in the middle, and incurved 
just below the periphery ; the inside, 
or throat, Ls finely but obscurely grooved 
in the direction of the spire ; inner lip 
slight on the upper part, where it 
adheres to the pillar and joins the 
outer lip, reflected and nearly straight 
on the lower part, the angle at the base 
being very remarkable ; umbilicus 
extremely small, and almost covered 
by the lower part of the inner lip ; 
tooth strong, prominent, and con- 
spicuous ; it forms a sharp fold or 
ndge, which winds along the pillar 
throughout the spire . . . .0. conspicua, 
„ squarish, expanded, and forming nearly 
a right angle at the inner base ; its 
length is about a third of the whole 
spire ; outer lip nearly semi-circular, 
incurved fbut not much) just below 
the peripnery; inner lip extremely 
thin on the upper part, where it 
adheres to the pillar, but does not join 
the outer lip, reflected, and nearly 
straight on tlie lower part, the angle 
at the base being well marked ; umbi- 
licus none, although there is sometimes 
a small chink ; tooth large, strong, pro- 
minent, and conspicuous, placed as in 
several of the species last described ; it 
is continued throughout the spire . 0. unidentcUa, 

squarish, not much expanded or angu- 
lated at the inner base ; it is propor- 
tionally small, and its len^ is scarcely 
a third of the whole spire ; outer lip 
projecting but little beyond the pen 
phery, below which it is considerably 
incurved towards the pillar, thus con- 
tracting the mouth ; inner lip thin, 
and adhering to the pillar on the 
upper part, without joimng the upper 
lip, thickened, reflected, and gently 
curved on tiie lower paxt, the basal 
angle beinff usually slight ; umbilicus 
none ; tootn small, not prominent, nor 
very conspicuous . . , .0. turrita. 

oval, inclining to oblong, narrow, and 
acute-angled above, rounded, and 
scarcely expanded below; it« length 
equals a third of the whole spire ; 
outer lip rather flexuous, not projecting 
beyond the periphery ; inner lip thin, 
adhering to the pillar on the upper 
part, and united with the outer lip ; 
the lower portion is thickened, reflected 
and curvea ; umbilicus none, although 
full-grown specimens have a narrow 
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chink ; tooth small, more prominent 
and conspicuous, than in the last 

species 0, plicatch 

Mouth irregularly oblong, owing to the inflexion 
and curvature of the outer lip ; it is 
acute-angled above (but not so sharply 
as in 0. plicata), and decidedly ex- 
panded below; its length equals a 
third of the whole spire ; outer lip 
remarkably flexuous, retreating at the 
upper corner of the mouth, where it 
forms a deep sinus, and inflected in the 
middle, so as to contract the mouth on 
that side ; inner lip as in the last 
species ; the lower part, however, is 
more reflected and straight in the 
present species ; umbilicus small and 
narrow; tooth, or rather an oblique 
fold, retired, aud inconspicuous, al- 
though always present . . .0. insciUpta, 
„ rather oblong than oval, narrow, and 
acute-anglea above, expanded below ; 
its length exceeds two-fifths of the 
whole spii-e ; outer lip flexuous, re- 
treating at the upper comer of the 
inouth, where it mrms a rather deep 
sinus, and projecting in the middle ; 
inner lip extremely slight on the upper 
part, thickened, and gently curved, out 
very little reflected on the lower part ; 
umbilicus developed in the adult 
only, when it is small and incon- 
spicuous, being approached by a 
narrow canal or groove from the base ; 
tooth consisting of an insignificant and 

retired fold 0. diaphatM, 

„ oblong, or pear-shaped, narrow, and con- 
tracted above, considerably expanded 
or effuse below ; it exceeds in length 
two-fifths of the spire ; outer lip 
flexuous, retreating, and situated at the 
upper comer of the mouth, where it is 
incurved on the periphery ; inner lip 
receding (almost concealed from view), 
and remarkably thin on the upper 
part, thickened, and reflected, but not 
much curved on the lower part ; it 
forms an obtuse angle or point at the 
base ; umbilicus none, or consisting of 
an oblique depression, which some- 
times ends in a small chink ; tooth, 
only a slight and obscure fold . . 0, obliqua. 
„ roundish oval, not contracted above, 
slightly expanded below ; it consider- 
ably exceeas in length one-half of the 
whole spire ; outer lip abruptly in- 
curved on the periphery ; inner lip 
thin on the upper part (where it is 
united with the outer lip), broad, 
thickened, a little reflected, almost 
straight, and shelving outwards on the 
lower part, which is more than thrice 
as long as the other ; umbilicus con- 
sisting of a narrow, although distinct, 
depression, which terminates in a small 
chmk ; tooth strotig, conspicuous, like 
a short thorn, projecting from the 
middle of the inner or pillar lip . , 0. dolioli/ormU. 
„ oval, scarcely contracted above or ex- 
panded below ; its length is about 
two-fifths of the whole spire ; outer lip 
not much curved, abmptly inflected on 
the periphery ; inner up thin on the 
upper part, continuous with the lip in 
adult specimens, thickened, reflected, 
and inclining to straight on the lower 
part, which is twice as long as the 
other ; umbilicus slight, forming a 
narrow chink behind the inner or pular 
lip ; tooth very retired and incon- 
spicuous, consisting of a narrow, oblique 
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fold, which, on breaking the shell, may 
be seen winding round the pillar . 0. decumata. 
Mouth roundish oval or regularly oval, very 
little contracted above or expanded 
below ; length about one-fourth of the 
whole spire ; outer lip rounded, sharply 
inflected below the periphery ; inner 
lip retreating obliquely (but not veiy 
thin) on the upper part, where it is 
united with the outer lip, so as to form 
nearly a complete peristome, scarcely 
reflected and gently curved on the 
lower part ; unu)ilicus developed more 
than in the allied species, and consist- 
ing of a narrow depression and chink 
behind the pillar lip ; tooth or fold none 0. clathrata, 

„ oval, contracted above, and considerably 
expanded below ; length not one-fourth 
of the whole spire ; outer lip flexuous, 
retreating, and forming a sinus above, 
incurved below the periphery : inner 
lip extremely thin on the upper part, 
reflected, and nearly straight below ; 
umbilicus consisting of a slight depres- 
sion which ends in a small narrow 
chink ; tooth or fold none . . .0. indistiTicta, 

„ o^al, somewhat contracted above, and 
much expanded below ; its length 
equals, and in some cases exceeds, one- 
tliird of the whole spire ; outer lip 
flexuous, slightly sinuated above, where 
it is gently mcurved on the periphery ; 
inner lip undistinguishable, and appa- 
rently wanting on the upper part, not 
much reflected (although sloping in- 
wards) and nearly straight below, ter- 
minating in a rectangular base, like 
0. unidentata ; umbilicus none, or con- 
sisting at the most of an indistinct and 
narrow chink, which, however, becomes 
considerably developed in aged speci- 
mens ; tooth short and retired, but 
strong 0. interstincta. 

„ irregularly rhomboidal, fonning an acute 
angle above, and considerably expanded 
below; its length equals two-fifths of 
the whole spire ; outer lip sinuous, con- 
tracted in the upper part, sloping up- 
ward to the under side of the pcripherv ; 
inner lip more or less distinct on the 
upper part of the pillar, according to 
the degree of maturity of the specimen, 
in other respects like 0. interstinctay 
but not so straight on the lower part 
as in that shell, and terminating in an 
obtuse angle ; umbilicus consisting of a 
more conspicuous chink than in the 
last-named species; tooth very short, 
blunt, and obscure, being seated far 
within the pillar 0. spiralis, 

„ proportionally small, oval, expanded be- 
low ; its length scarcely equals one- 
third of the whole spire ; outer lip 
rounded, recurved on the lowermost 
spiral stria ; inner lip nearly indistinct 
on the upper part, gently curved and 
slightly reflected below, and termi- 
nating at the base in an obtuse angled 
point ; umbilicus extremely small and 
narrow, but distinct ; tooth minute, 
somewhat retired and obscure 

„ proportionally small, rhomboid, oval, 
contracted above, wide, slightly ex- 
panded, and decidedly angulated below; 
length scarcely exceeding one-sixth of 
the spire ; outer lip gently roimded, 
recurved on the lowermost of the three 
main spiral ridges, by all of which it is 
notched or indented at the edge ; inner 
lip forming on the upper part of the 
pillar a thin film which is united with 
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the outer lip, on the lower part nearly 
straight and not much reflected, termi- 
nating in a rectangular point ; umbili- 
cus wanting, or now and then repre- 
sented by a minute and narrow chink ; 
tooth or fold none .... 
Mouth squarish oval, not contracted above, ex- 
panded and angulated below ; length 
about one-third of the spire ; outer lip 
projecting, marked by four angular 
points, being the termination of the 
spiral ridges ; it is abruptly recurved 
on the peripheral ridge ; inner lip 
slight on the upper part, but united 
with the outer lip, reflected and almost 
straight below, where it also joins the 
outer lip at a right angle ; umbilicus 
narrow and contracted, but distinct ; 
tooth small and retired, although visible 
in every specimen, and winding round 
the pillar 

„ irregularly rhomboidal, o^ving to the an- 
gular shape of the pillar side ; it is 
somewhat contracted above and ex- 
panded below ; length about a fourth 
of the spire ; outer lip roimded, not 
much projecting, incurved a little be- 
low the periphery ; inner lip adhering 
to the upper slope of the pillar (al- 
though scarcely perceptible), straight 
below and slightly reflected towards 
the base, where it shelves inwards ; 
umbilicus or tooth none 

„ irregularly rhomboidal, acute -angled 
above, and expanded below; length from 
a fifth to a sLxth of the spire ; outer lip 
somewhat contracted, very little in- 
curved below the periphery ; inner lip 
forming a thin film on the upper slope 
of the pillar, slightly reflected and 
nearly straight below ; umbilicus none, 
except a slight depression of the base 
in adult specimens ; tooth very retired, 
slight and indistinct,formed on the pillar 
near its junction with the upper slope 
of the base 

„ UTegularly rhomboidal, longer and more 
expanded at the base than in 0. rufa, but 
similar in all other respects ; outer lip 
gently rounded, except under the peri- 
phery, where it is very slightly incurved 
and shelves outwards ; inner lip form- 
ing a thin glazing or layer on the 
upper slope of the pillar, very little 
reflected and nearly straight below, 
where it is more extended than in the 
last species ; umbilicus none ; tooth 
usually wanting, but in some specimens 
an obscure tubercle may be detected on 
the upper part of the pillar, far witliin 
the mouth 

„ irregularly rhomboidal, contracted above, 
and expanded below ; length between 
a fourth and a fifth of the spire ; outer 
lip curved, except the upper side, 
which shelves gently outwards a little 
below the periphery ; inner lip a mere 
film on the slope of the base, some- 
what reflected and straight below; 
umbilicus usually none, although the 
above-mentioned depression of the base 
sometimes produces a small central 
cavity ; tootii obscure, in one specimen 
like that of 0. pusilla .... 

„ irregularly and obliquely rhomboidal, 
contracted or narrow above, and ex- 
panded below ; length about one-fourth 
of the spire; outer lip gently curved 
on the lower part, shelving or sloping 
downwards from a little below the peri- 
phery; inner lip imperceptible above 



O, fenestrata. 



O. eoceavata. 



. O. sealctris. 



O, rufou 



O. lact^cu 
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the pillar, slightly reflected and straight 
(but now and then reversed or twisted) 
below ; umbilicus none ; tooth or fold 

rarely developed 

Mouth regularly oval, not much expanded 
below; length about one-sixth of the 
spire; outer lip rounded, inflected just 
below the periphery ; inner lip not so 
much curved, adhering to the upper 
slope of the base, where it is united to 
the outer lip, not reflected below ; um- 
bilicus and tooth none 

rounded or oval ; lips disconnected 

more round than oval, not much ex- 
panded at the base; outer lip thin, 
mflected just below the periphery, 
whence it slopes obliquely downwards ; 
inner lip consisting of an almost in- 
visible film on the jjillar, thicker below, 
and folded back over the pillar, which 
is deeply curved and flexuous 

pear-shaped ; lips discontinuous . . 

acute-angled above, widening and expand- 
ed below ; its length equals about one- 
fourth of the shell; outer lip flexuous, 
with a rather thick edge, not inflected 
on the periphery, but sloping from it 
downwards; inner lip consisting of a 
broadish porcellanous deposit, which 
is considerably thickened behind the 
pillar; the last is flexuous . 

narrower than in last species ; outer lip 
rather more deeply sinuated above ; 
inner lij) slighter and thinner . . 

as in E, intermedia .... 

narrow, extending from a sharp angle 
above to an expanded and rounded 
base ; the inner or columellar side re- 

S resents a very obtuse angle ; outer lip 
exuous, with a rather thin edge, re- 
ceding at the top, and advancing out- 
wards towards the base; inner lip 
reflected and twisted over the lower 
part of the pillar .... 

„ contracted, acute-angled above, and 
rounded, but not much expanding 
below; edges thickened; outer lip 
folded outwards at the upper part, and 
slightly flexuous; inner lip reflected 
over the whole pillar, which is de- 
cidedly flexuous . . . . 
„ not so narrow, and the outer lip more 
flexuous than in last species . . . 
Operculum ear-shaped, with a short, imperfect 
spire of very few whorls; nucleus 
excentric on the inner side near 
the base . . . . . 
light yellow and sub-oval, with dis- 
tinct grossly spiral turns . . 
filmy, wrinlded in the line of 
growth, composed of three turns, 
the last and outermost of which 
is disproportionately large; the 
line of division between these 
whorls is raised or ledge-like 
an almost invisible film, pear- 
shaped or sub-oval, with a nar- 
row border of pale bistre with a 
pinkish hue; tne stria) of incre- 
ment radiate as in most of the 
other ChemnitzicB 
semi-testaceous, having a thin flap 
on the outer side and a short 
apophysis or process underneath 
the nucleus oi the spire 
pale yellow, delicately striated in 
the line of growth ; spire consist- 
ing of two to three whorls 
yellowish, strongly striated or fur- 
rowed in the line of growth, the 
strias being more close-set and 



0. acicula. 



0, nitidissima, 
Stilifer, 



S. Turlani. 
Eulimid(B, 



E. polita. 



E. intermedia, 
E, distorta. 
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E. stenostoma. 



E, svbulata, 
E. bilineata. 



)t 



9) 



Pyramidellidce, 
Aclis unica. 



A, Walleri, 



A. Oulsonas, 
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Odostomia, 



0, minima. 
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flexuous towards the outer side ; 
spire very short and nearl}' ter- 
minal 

Operculum conspicuously striated . . . 

thin, finely striated 

yellowish, with a white streak in the 
line of the spii-e, very slightly 
striated across ; flap broad ; there 
is the same groove and cor- 
responding ridge as in 0. conoidea 

yellowish, marked wnth white down 
the spire, finely and deeply 
striated in the Ime of growth; 
flap not striated; groove and 
ridge as in 0, conoidea; spire very 
short, indistinct, and nearly ter- 
minal 

like that of 0, albella , . . . 

as in the last two species ; the ridge 
well marked, and the striation 
very distinct . . ... 

yellowish brown, of equal propor- 
tionate solidity with that of Cy- 
clostoma elegans, ai^d exquisitely 
sculptured by close-set flexuous 
striae in the line of growth ; it has 
a curved groove down the middle, 
which ends in the spire of the 
operculum, and gives to the 
portion thus separated in front a 
cornucopia shape ; this groove 
is deep and very distinct; side 
flap rather broad, widening with 
the growth of the operculum, and 
divided from the spiral part by a 
narrow line .... 

yellowish and rather solid, closely 
and finely striated across ; it is 
divided lengthwise about one- 
third the distance from the pillar 
by a curved groove, which lorms 
a ridge on the under side ; inner 
side straight ; flap narrow; spire 
consisting of two or three 
whorls 

yellowish brown, finely and closely 
striated; the curved groove is 
unusually distinct 

as in 0, conoidea , , . . 

of a thinner texture and less strongly 
striated than that of 0, conoidm , 

thicker on the inner than the outer 
side of the mouth ; coarsely 
striated, and sometimes having a 
white streak down the middle . 

remarkably thin, light horn colour, 
narrow aind obliquely striated . 

extremely thin, except on the inner 
side, light yellow, scored ob- 
liquely by fine and close-set 
flexuous lines, and having a dis- 
tinct, but short and neany ter- 
minal spire of two minute whorls : 
it resembles in shape Gristellaria 

as in last species, but less strongly 
striated 

cartilaginous and flexible, with the 
stria) of growth arranged in ellip- 
tical curves, as in 0. pallida 

rather thin and delicately striated . 

with a thin flap, and delicately 
striated 

flexible, with a very thin flap, closely 
and finely striated in the line of 
growth, and presenting the usual 
triangular nd^e on the pillar 
side, and a mmute almost ter- 
minal spire . . . . 

as in 0. ititerstincta; the inner side is 
slightly notched to receive the 
tooth 



0. nivosa, 
0. truncatiila, 
0. clavula. 
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0,Lukid. 



0, albella. 
0, rissoides. 



0, palUda, 



0, conoidea. 



0, umMlicaris. 



0. acuta. 

0. unidentata. 

0. turrita. 



0, plicata. 
0. insctUpta, 



0, diaphana. 
0. ohliqua. 



0. dolioliformis. 
0. decussata. 



0. indistincta. 



0. interstincta. 



0, spiralis. 



Y67 



PYRAMlDELLIDiE. 



PYRAMIDELLID^. 



1i 



ji 






Operculum thin, exquisitely and closely striated 

in the line of ^owth . 

thin and flexible, irregularly striated; 
spire extremely short, minute and 
terminal 

as in the last species 

as in the two last species; sometimes 
slightly notched on the inner side 
to accommodate the tooth when 
present . . . . . . 

thin, and most delicately striated, 
with a very short spire 

rather solid, delicately striated in 
the line of growth, and having a 
narrow flap ... . . 

homy, with a short and incomplete 
spire, having its nucleus on the 
columellar or inner side 

thin, pale yellowdsh horn colour, 
marked with microscopical and 
numerous flexuous stride in the 
line of growth , . . . 

filmy, pale yellowish horn colour, 
marked with slight flexuous 
striae in the line of growth 

very thin, pale drab, and 
coarsely striated 
Size of shell — length, -116 in.; width, -02 in. 
length, •! ; width, -025 
length, -25 ; width, '1 
length, -135 ; width, -05 
length, -065 ; width, -025 
length, -05 ; width, -025 
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•0625 ; width, -0325 
•175 ; width, -065 
•08 ; width, ^04 . 
•1 ; width, -045 
•115 ; width, ^05 . 
•125 ; width, -0625 
•2 ; width, '1 
•25 ; width, -1 . 
•1 ; width, ^05 . 
•175 ; width, -075 
•35 ; width, ^15 . 
•2 ; width, ••! . 
•125 ; width, ^05 . 
•1 ; width, ^05 . 
•15 ; width, ^0625 
•1 ; width, ^05 . 
•2 ; width, -075 . 
•075 ; width, '05 
•125 ; width, -05 . 
•165 ; width, '05 
•165 ; width, ^04 . 
•125 ; width, ^04 
•125 ; width, ^05 . 
•06 ; width, ^03 
•15 ; width, -05 . 
•15 ; width, -06 
•25 ; width, -085 . 
•35 ; width, 1 . 
•35 ; width, •I . 
•275 ; width, ^075 
•35 ; width, •! . 
•175 ; width, •OS 
•1 ; width, -02 . 
•15 ; width, •I . 
•75 ; width, -2 . 
•45 ; width, -125 
•2 ; width, -05 . 
•35 ; width, '085 
•5 ; width, •! 
„ xcx^gbu, '3 ; width, ^075 

Habitat and range — ^local in littoral zone, from 

Haroldswick Bay in Unst 
to Devonshire and Guern- 
sey; it is also found off 
Loire Inf^rieure and 
Spezzia. It is lively, 
and in confinement con- 
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length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length, 
length. 



0. fenestrata, 

0. scalaris. 
0, rufa. 



0. lactea. 
0, acicula. 

0. nitidissima, 

Eulima, 



E. polita. 



E. stenostoma. 

E. subulata, 
Aclis unica, 
A, ascaris. 
A. sfiimanitida, 
A. IValleri. 
A, Gulsonce. 
Odostomia mi- 

nima, 
0. nivosa, 
0. truncatula, 
0, clavula. 
0. Lukisi, 
0, albella, 
0, rissoides, 
0, pallida. 
0. ccnoidea, 
0. umbilicaris. 
0. acuta. 
0. conspicua. 
0. unid^ntata. 
0. turrita. 
0. plicata. 
0. insculpta, 
0. diaj^hana. 
0. obhqua, 
0. dolioliformis. 
0, decussata. 
0. claihraia. 
0. indistincta. 
0. intersUjicta^ 
0, spiralis. 
0. eximia. 
0. fenestrata. 
0. excavata. 
0. scalaris. 
0. rufa. 
0. lactea. 
0. pusilla. 
0. Scilloi. 
0. acicula. 
0. nitidissima. 
Stilifer Turtoni. 
Eulima polita. 
E. intermedia. 
E. distorta. 
E. stenostoma. 
E. subulata. 
E. bilineata. 



up 



the 



}> 



99 



stantly creeps 
deepest aquaria 
Habitat and range — from fiergen and East Shet- 

lands in 82 fathoms water 
to Devonshire, and near 
Cherbourg and Loire 
Inf^rieure ; coralline 
crag, Sutton . 

from Bohuslan (12 fms.), He- 
brides, and Ireland to 
Vigo Bay (8 fms.), Gulf 
of Lyons, and Algeria ; 
coralline crag . . . 

from about 100 miles N.E. 
of Hamilton's Inlet, La- 
brador (1622 fms.), Molde 
in Nor\^'ay, and oflf Whal- 
sey Skerries (70 fms.) ; 
coralline* crag, Sutton 

coralline zone from Shet- 
land to Guernsey and 
Vigo Bay; coralline crag, 
Clacton . . . . 

lives on decayed fronds, and 
at the base of LaminaricB 
just beyond low- water 
mark ; North of Scot- 
land, Falmouth, and 
Guernsey. Rare . 



Aclis unica. 
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A, ascaris. 



A. supranUU 



A. Walleri, 



A. Gtdsona, 



Odostomia m 
nttna. 



O. nivosa. 



O. truncatula. 



O. clavula. 



lower part of littoral zone, 

and upper part of lami- 

narian zone from North 

Scotland to the South of 

England . . . . 
from Turbot bank (20 fms.), 

near Lame, co. Antrim, 

to Falmouth and Ply- 
mouth .... 
from the coast of Sweden, in 

mud (30 fms.), among 

PematulcBj to Hebrides 

and south coast of Eng- 
land. Rare, and usually 

occurs in muddy sand 

between 6 and 50 fms . 
Skye, Shetlands, Oban, 20 

to 25 fms.; among sea- 
weeds at low-water mark 

on South Devon coast ; 

Guernsey. 18 to 20 fms. . O. Lukisi. 
underneath loose stones and 

in the laminarian zones 

on various parts of our 

coasts from Guernsey to 

Shetland. Northwardly- 
it extends to Norway, 

Sweden, and Denmark ; 

while southwardly it is 

found as far as Sardinia. 

Found in the boulder 

clay of Caithness and at 

Uddevalla ; and in apost 

flacial shell bank at Kir- 
:oen, Norway . . . 
lower part of the littoral 
zone, and throughout the 
laminarian zone on all 
our coasts. It has also 
been found at Bohuslan 
(15 to 30 fms.) ; on the 
Danish coasts ; at Spezzia, 
and at Algiers 
especially frequents the ears 
of Pecten opercularis and 
P. maximus in the coral- 
line zones from the Shet- 
lands to Devonshire. It 
is also livingin the Nor- 
wegian and Danish seas, 
in Vigo Bay, at Spezzia, 



O.albeUa. 



O. rissoidcs. 
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and off the coasts of Dal- 
matia. It occurs as a 
fossil in the newer plio- 
cene deposit at Beuast, 
and in tne Clyde beds . 0. pallida, 
abitat and range — coralline and deep-sea zones, 

in mud, (from 25 to 80 
fms.) throughout Shetland 
and Scotland. Locally 
plentiful in the Clyde 
district and the Hebrides. 
A variety ranges to the 
south shores of England 
and Ireland. The typical 
forms occur as far north 
as Hammerfest (40 fms.) 
and Qottenburg (12 fms.), 
while the variebr is dis- 
tributed on the European 
coasts from Brittany to 
every part of the Medi- 
terranean and the inland 
seas connected with it. 
It is doubtful if it is 
found in the Bed Sea, as 
reputed by Philijini; in 
the Canaries it iimabits 
depths of from 12 to 60 
fatnoms. It has been 
found in the u^per mio- 
cene beds of Anti oes ; the 
coralline crag ; the Clyde 
beds ; the basaltic tufa 
at Militello ; and the 
sub-Apennine tertiaries . 0, conoidea. 

coralline zone; fromBohus- 
lan (12 hns.), Eegers 
Bank, Norway (160 tms.), 
and Shetlands, to the 
south coasts of England. 
Bare 0. umfnlicarii 

coralline zone ; from Nor- 
way and Shetlands to 
Loire Infdrieure, north 
coast of Spain (30 fms.), 
Teneriffe, and Spezzia. 
Known also as a puocene 
species. It is a lively, 
active, and bold animal . 0. acuta, 

coralline zone; from Bohus- 
lan and Shetlands to 
Brittany, Spain, Spezzia 
(10 to 12 fms.), Saminia, 
and the Adriatic. Bare . 0. conspiam, 

Tmder stones at low-water 
mark of spring-tides, and 
on old oyster-shells and 
Pecten maximus in the 
laminarian and coralline 
zones. From Hammer- 
fest on the north ^10 to 
60 fms.) to Loire Inf^- 
rieure, and perhaps Al- 

feria, on the south. 
*ound everywhere on 
the British coasts. Post- 
pliocene, Norway and 
Scotland 
under stones and in rock 
pools at low water, and 
among sea-weed in the 
laminarian zone. Banges 
from the Catt^at, Ire- 
land, and Cornwall, to 
Brittany, Teneriffe, and 
Spezzia. Not uncommon. 
It floats ; and, when 
crawlinff , it withdraws its 
jBves, ^^ch are visible 
through the shell . 
under loose stones and 
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0, plicata. 
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0, turrUa, 
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0, ohliqtta. 



0, dolioliformis. 



0, decttssata. 



0, clathrata. 



among sea- weeds. Occurs 
on the south coasts of 
Ireland and England, and 
ranges southwards along 
the shores of France, 
Italy, Austria, and Al- 
geria .... 
Habitat and range — coralline and deep-sea zone 

throughout the British 
seas (from 28 to 85 fms.) ; 
not common. In the 
north, it lives at Drobak 
Christianifiord (50 fins.) ; 
Loffoden Isles ^50 to 100 
fms.); and Soutn Sweden; 
while to the south it is 
reported from Brittany. 
It is a pliocene species 
at Sutton, and a post- 
pliocene one at Drontneim 0, insculpta, 

coralline zone (12 to 50 fms.); 
from the Shetlands to 
Guernsey. Local and rare 0. diaphana, 

the type ranges from South 
Sweden (20 fms.), and 
Shetlands to Normandy; 
but as a variety it extends 
to Cannes and Spezzia . 

from the Hebrides and 
North Scotland to Brit- 
tany and Spezzia . 

coralline zone ; from Shet- 
lands to North of France ; 
not imcommon as a 
British species. Occurs 
in the pliocene at Sut- 
ton .... 

Qalway (16 fms.), Malta, 
Spezzia, and Orotava. 
Very rare 

from 4 to 40 fms. on British 
shores; a variety inha- 
bits a peculiar district of 
shelly mud between the 
laminarian and coralline 
zonesin 10 fathoms water, 
off Tei^nimouth. Banges 
from Christianifiord QO 
to 50 fms.), Bohuslan (12 
fms.) to Gibraltar, Medi- 
terranean and Canary Is- 
lands (40 to 60 fms.). 
Pliocene at Sutton, and 
post-pliocene in Norway 0, indistincta, 

coralline and laminarian 
zones ; nestles among 
stones and old shells, 
and occasionally at the 
base of sea-weeds in rock 
pools at spring -tides. 
Common. Genenuly dis- 
tributed in the North 
Atlantic from Norway, 
Denmark, Loffoden Isles, 
to the south of France ; 
it is also plentiful in the 
Mediterranean. Pliocene 
at Sutton; post-pliocene 
in Norway . 

has nearly tne same distri- 
bution and habitats as 
the last species 

from Bergen and Christiani- 
fiord to Shetlands and 
Boss-shire (60frns.). None 
of the Scoth specimens 
have contained the ani- 
mal, although the shells 
appeared to be recent. 
Post-pliocene in the 
Christiania district .. . 0, eximia, 

3 D 



0, interstincta. 



0. spiralis. 
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Habitat and range — muddy and sandy ground 

in shallow water, from 
Bouih coasts of England 
to Vigo Bay, Spezzia, 
and Algiers . . 
coralline zone ; from Ire- 
land, Scotland, and south 
coasts of England to Can- 
nes, Spezzia, the Adriatic, 
and Algiers. The British 
specimens are larger than 
those from the M^terra- 
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0, fenestrata. 



0. excavata. 



nean .... 

coralline zone ; the type 
extends from Ireland and 
south coasts of England 
to Spain and the Medi- 
ternmean,living in depths 
varying from 8 to 35 
fms. A variety has a 
more northern distribu- 
tion, haying been found 
oflf Norway, Massachu- 
setts, New England, the 
Shetlands, and northern 
portions of Scotland and 
Ireland ; it is also a 
British pliocene species 0. scalaris. 

the type occurs in shallow 
water off the coasts of 
"Wales and of south-west 
England, and is rare. 
Its southern limits range 
to the Canary Islands and 
Adriatic, in depths of 
from 8 to 90 fms. A 
variety frequents more 
northern areas, such as 
Sweden, Norway, Shet- 
land isles, Scotland, and 
deeper waters (30 to 90 
fms.) ; it is a post-pliocene 
shell at Skien in the Chris- 
tiania district . . 0. rufa. 

laminarian zone; from Ross- 
shire and Aberdeenshire 
to south coast of Eng- 
land. Out of Great 
Britain it is known from 
Finmark on the north to 
the Canary isles and the 
Mediterranean on the 
•south. Probably a plio- 
cene species in soutn of 
England . . .0. lactea, 

is frequently associated with 
the last species ; ranges 
from soutnem England 
to Algiers . . .0. pusiUa. 

muddy sand ; from Fin- 
mark to the Canary isles ; 
12to200£Bithom8. Found 
in Italv. When crawling 
the ammal trails its lon^ 
shell horizontally behind 
it 0. Scilla, 

coralline zone ; muddy sand ; 
from Norway to the Adri- 
atic, at depths of from 10 
to 41 fathoms. Post-plio- 
cene in Caithness and at 
Palermo .... 



0. acicula. 



Habitat and range— from Finmark to Gulf of 

Lyons and Spezzia, in 
depths of from 5 to 30 
fatnoms .... 
on various species of Echini, 
from Norway to the Ca- 
nary isles 
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O. nitiditsim 



Stilifer T 
UjwL 



Eulima polii 



E. intcrnudi 



muddy sand ; from Finmark 
to the JSgean Sea, at 
depths varying from 2 
to 145 fins. Miocene at 
Vienna ; pliocene in 
England; and post-plio- 
cene in Norway 

generally associated with 
the last species and hav- 
ing a similar ranee; it 
occurs in depths of from 
16 to 73&thoms ; miocene 
in France; pliocene in 
England, and fossil in 
Italy. It floats ; and in 
the floating position it 
remains suspended by 
means of a byssal threaa, 
the opereulum then clo.<^ 
ing the mouth of the 
shell . . 

widely diffused (though local), 
from low-water mark of 
the equinoctial tides in 
rock pools, among Zoa- 
UrOy and under stones, at 
Jersey, to a sandy bottom 
in ^e greatest aepths of 
the North Sea. A variety 
inhabits deep water on 
the Scotolk shores. It 
ranges from Finmark to 
the Canary isles and the 
Meditenanean, at depths 
of from 10 to 140 fathoms. 
Miocene in France ; post- 
pliocene in Norway and 
Sicily .... 

fine sandy mud ; 30 to 50 
miles off the Whalsey 
Skerries (75 to 90 fms.) ; 
Norway. Bare. Very 
active, and will not stop 
in the water of an aqua- 
rium .... 

coralline zone ; from the 
Shetlands to North Africa, 
at depths of from 2 to 140 
fathoms .... 

locally but widely dispersed 
from low-water mark at 
Jersey under loose stones, 
to 82 fathoms off the 
east coast of Shetland 
in muddy sand. The 
foreign localities are in- 
cluded between Scandi- 
navia and the Gulf of 
Lvons. It crawls at a 
tolerably fast pace, and 
gets out of tne water 
whenever it is immersed. E, hilineaUL 
(Jeffreys, British Conchology, voL iv.) 



S, distortd. 



E. stenoitom 
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rARTZ [E. C. vol. iv. col. fllSJ. Under Silica, E. C. S., 

_i some general lemarlu are made on eilic«, and attention in 
drawn to its Btriking Btructural modifloations. In this article we 
piopoBe to treat not only of the uative fta^ms of dense Eilica, of 
which the maiority of the suhstancea called qunrti is composed, 
but also of the minerab which consist mainly of the lighter 
Bilica, or nMatilica, such as opal, hyalite, &c.; in short, we 
include all details which are intended to supplement the articles 
Quartz ; Ametsist, vol. i. coL 1U2 ; Aoate, vol. L coL 89 ; 
AVANTUHIMIS, TOL i. col. 350 ; Bloodbtone, voL i, coL 522 ; 
Flimt and Puntt Slate, vol, ii. coi 834 ; and Opai, vol iv. 
col. 91. 

As has already been noticed under Quarte. E. C, quartz 
uaually occun in hexagonal prisma with pyramidal summits, the 
primary form being a rhombobtdcon, with an imgle of 94" 15' 
l/g. 1). Notwithatauding the geometrical symmetry, the perfect 
trajupatency, and the appnreut homc^cneity of oniinaiy rock 
crystal, the recent researches of crystallographeis have shown 
that its structure is exceedingly complicated ; that almost every 
specimen is composed of two or more crystals ; and that the 
same specimen presents different properties in different parts, 
due to its heterogeneous physical nature, caused apparently by 
variations in the mode of anangement of its particles. 

The primitive rbombohedron t_Jig. 1) diifeis from that of the 
ordinary hexagonal system of crystallization in that the lateral 
contiguous edges are not physically alike. From this cause it 
freijuently happens that crvstols are formed which mav be 
derived by modifying one-half the edges of the primitive rnom- 
bohedron to the exclusion of the other half. We cannot here 
give many details respecting these modifications ; but the sub- 
ject has been ably discussed by M. Descloizeaux in his memoir 
on the crystallization and structure of quartz, in which he 
describes upwards of 15U simple forms which are capable of 
separate existence, but which have as yet only been met with in 
quartz combined with and subordinate lo me pynmidal pris- 
matic form. Weiss also has written a lengthy paper on the 
crystallization of quartz, in which he pointed out the peculiari- 
ties which distinguish the crystalline system of quartz &om that 
of the hexagonal system proper, and urged how significant some 
of ^e minor irregularly situated facets were in indicating the 
itmcture of the crystal. 

The true primitive rhombohedron is of very rare occurrence, 
btit it has been met with at a few localities in Brazil and Russia. 
TTie most common is that shown in jtj. 2 ; but it is frequently 
combined with certain facets which appear to occupy abnormal 
positions. It is a combination of the primitive rhombohedron, 

?, with its inveiM, e^, and with the hexagonal prism, e<. The 
ices of the prism are always horizontally striated j the faces 
p and < j differ in lustre, and frequently also 'in size, those 
marked p being generally the briabtest and largest. They ate 
not nncommonlf qntted with slight depresaoua, having some- 
what the form of small iaoeceles triangles. Another common 
form is the bipyramidal variety, in which ^e two summits of 
_fig. S, are placed base to base, the intervening lacee, fi, not being 
developed. 

Amongst the forms with irregular faces mav be mentioned 
tJiat ciUed the rhomb-bearing variety (Jig. 3), which, is the same 
as Jig. 2 with the additional face, i. As will be noticed, the 
faces I ate six in number, and are developed at the opposite ends 
of each altemate vertical edge. If they were developed to the 
Bxdusion of all the other faces, they would give rise to the form 
shown in Jig. 4, Similar faces may occur on the other three 
alternate vertical ed^jes, and if these were developed to tJieir fuU 
extent they would give rise to a form Uke that of fg. 4, when 
seen in a glass. If all those faces were combined t<^ether, they 
would produce the double hexagonal pyramid or bipyramidal 
variety already alluded to. The two distmct sets of &ces are called 
right and kft,'aui may generally bo recognised at a ^sdioe by 
noticing the direction in which their striations lie. Thus in the 
right faces the Unes proceed irom the right above to the left 
bdow, as shown in Jig. 5, while in the left fitces tkey proceed 
from the left above to the r^ht below, as in^. 6. 

When a number of quartz crystals are grouped togetfaBC, they 
are arranged accoiding to some d^nite pnm. Wbm in simple 



juxtaposition they usually have their long axes parallel. This, 
perhaps, is the most common mode of occurrence. Frequently 
also two or more crystals are interblended together. In some 
oases they are so arranged that no difficulty is experienced in 
detecting the separate individuals ; but in others, which are by 
no means rare, two individuals are completely interblended, and 
have their axes so perfectly parallel that ihe imaided eye is 
unable to distinguish them ; and even when the axes are not 
parallel the compound nature of the group is not readily per- 
ceived. But no difficulty is experienced when recourse is liad 
to polarized light or to uie slow decompodng action of hydro- 
fluoric acid, lu some rare examples a number of similar 
crystals are blended bother into a mass which to all appear* 




(After Da la Posao and loydplt) 



anoe fonos one end of a single and clear oirstal, while its 

3 Mite end distinctly shows sJI the separate individuals vhich 
iy enter into its composition. 
When a plate of quartz is examined by means of polarized 
light, it exhibits the phenomenon known as eireulat polansiation. 
As it would take up more space than is consistent with the 
■ubjeot of this article to explain what is meant by circular 
3 D 2 
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polarization^ we must content ourselves with 8a3ring that when a 
plate of quartz cut at right angles to the principal axis of the 
crystal exhibits it, the observer sees a number of concentric rings 
brilliantly coloured according to the thickness of the plate, in 
other uniaxial crystals the concentric rings are interrupted by a 
dark cross. In quartz this cross is faintly perceptible on the 
outermost rings, the centre showing no signs of it. If tlie plate 
of quartz is turned round without shifting its plane, no altera- 
tion in the colours will be perceived ; but if the analyser of the 
polarizing apparatus be turned, the colours will change, and the 
order of chEuice will depend upon the structure of tne plate, 
while the rapidity will depend upon its thickness. The order is 
always that which the colours nave in the ordinarjr prismatic 
spectrum, and may be either towards the red or the violet end ; 
and the rate is measured by the number of degrees through 
which the analyser is turned or rotated to produce a given 
effect. For example, if when the two Nicol prisms are so ar- 
ranged as to entirely exclude light, we place between them a 
red glass plate, nothing will be noticed ; but if in addition a 
plate of quartz, say 3*75 millimetres thick, be interposed, a red 
light is immediately perceived ; and in order to restore darkness 
the analyser will require to be rotated through an angle of 56j°. 
If an orange-coloured glass had been used in place of the red 
one the amount of rotation required to exclude the orange light 
would have been greater, or 71J° ; and in proportion as the 
colour used is situated nearer the violet end of the spectrum, so 
will the angle of rotation require to be increased, that for violet 
li^ht being 165°. There is^ however, a further peculiaritjr 
arising from the nature of the quartz, for while in some speci- 
mens darkness is produced when the direction of rotation is to 
the right, and the colours change to tints nearer to the violet end 
than themselves when the analyser is turned to the left ; so 
there are other specimens in which the darkness is restored by 
rotation to the left, the opposite direction causing the colours to 
change towards violet The former belong to crystals having 
the ferm of fg. 5, and are hence called iexirogwrdl or dextro- 
rotatory f and the latter to those having the form of Jig, 6, whence 
they are termed lasvogyral or loevcrotaiory. If a dextrogyral plate 
be superposed on one having a Isevorotatory power, ana the 
two be viewed by polarized light, a spiral form will be seen, 
which is known as Airy's spiral, ana is an indication of the 
compound nature of those crystals which exhibit it. The reader 
who desires to ascertain more definitely the precise value of the 
angle of rotation for different thicknesses of quartz, and for dif- 
ferent positions of the analyser, will do well to consult a lengthy 
memoir on the subject by Z. Stefan, in the 50th volume of the 
* Sitzungsberichte der Kais. Akad. der Wissenschaften zu Wien ' 
(1865), where also is clearly pointed out the relation between the 
index of refraction and the angle of rotation of quartz. The 
methods adopted by the above-mentioned observer are so precise 
in their indications as to remove some of the objections which 
have been made to it as a means for detecting the compound 
nature of crystals. 

There is another important process for revealing the structure 
of crystals, which, although it was employed as far back as 1824, 
has only lately risen into prominence. It consists in submitting 
crystals to the slow action of a solvent. By this means depres- 
sions are formed upon the surfaces, whose forms and relative 
positions enable the observer to state what ciystalline system 
the mineral belongs to. If the depressions are similar in form, 
and arranged in parallel lines, the mineral is of a simple, whereas 
if they are dissimilar, the mineral is of a compound nature. 
According to Lievdolt, their form is that which oelongs to the 
smallest molecules from whose union the crystal is formed. 
Leydolt has applied this mode of inquiry to auartz. He used a 
dilute solution of hydrofluoric acid, and subjected both whole 
crystals and thin sections thereof to its action. A simple crystal is 
one in which no rhomb-shaped faces occur to indicate whether 
it be dextro- or laevorotAtory, by mere inspection. When such 
crystal is subjected to the action of dilute hydrofluoric acid 
for about twelve hours the following appearances are seen : — 
First, certain angles will be replaced by uie faces a, /i, 7, and r, 
and next, well-defined depressions are visible on the faces of the 
six-sided pyramids. The faces which replace the original angles 
belong to the rhombohedron, and have four different positions. 
When developed to their full extent, they give two three-sided 
pyramids. In fgs, 7 to 10 the four kinds of simple crystals are 
represented as they appear after treatment with acid. They 
were all obtained at Marmaros, in Hungary. These four kinds 
of crystals Leydolt distingishes as +*'>—*'>+ ^1 — ^ ^ the 
compound crystals faces sometimes appear at all the angles of 



the terminating pyramids, or each angle mav have one or two 
faces only, or other modifications may occur depending upon the 
nature of the crystals, but which we cannot particularize here. 
Fig, 11 represents a compound crystal The faces of the six- 
sided pyramid are covered with triangular depressions with 
bright sides, and arranged in parallel lines, the direction of 
which vary with each face, Tnus, on R they are horizontal, 
that is, parallel with the edge formed by the intersection of the 
prism and pyramidal summit, while those on r are parallel with 
the edge formed by the junction of R and R, By this simple 
process, then, we gain a tolerably clear insight into the structure 
of any given crystal, and can readily ascertain whether it will 
rotate the plane of polarization to the right or to the left, or 
exhibit Airy's spiral, and, indeed, its general behaviour under 
the polarizing apparatus. Still more precise ideas maybe gained 
by the treatment of plates cut at rignt angles to the principal 
axis of the crystal. Tnus, if the plate form^part of a compound 
crystal, its etched surface will be covered with particles having 
different intensities of lustre. Sometimes there are two shades 
of lustre, and sometimes four. On examining the surface with 
a high magnifying power, it appeal^ to be roughened with 
minute depressions, some of which nave an ec[uilateral-triangular 
shape, while others consist of an amalgamation of two or more 
of these. The crystalline form and physical peculiarities of 
quartz appear to be intimately connected with the relative 
positions of these minute depressions which are supposed to 
indicate the form of the ultimate particles of the mineral. 
Leydolt represents all their modes of arrangement in/<7. 12, where 
the letters indicate the position corresponding to the various 
faces or modifications ; { means the half of the pyramid, and R 
the rhombohedron ; the other letters have alreigidy been ex- 
plained. In addition to these depressions there are numerous 
lurrows, which are believed to indicate the successive layers 
which compose the crystal. In an amethyst from Meissau, 
Leydolt counted from 1400 to 3000 in a line, and estimated that 
the crystal was found by at least 76,000 hollow superposed 
pyramids. These facts are important, as showing that the form 
and physical properties of quartz result from the different way 
in which its constituent particles are built up. With the light 
afforded by them the sin^ple statement at the befidnning of the 
article that the alternate faces of the pyramid differ in lustre ; 
that they are spotted with isosceles triangles ; that the faces of 
the prisms are norizontaUy striated ; and that different crystals 
have opposite rotatory powers, acquire an expressiveness of 
meaning which they did not have before. Lookmg also at the 
opposite position of the particles, and the consequent set of the 
grain, we at once perceive why quartz shows so few signs of 
cleavability. Notwithstanding the greater clearness with which 
well-known facts are invested, we seem to be on the verge of 
still greater discoveries ; for the student, in this as well as idl 
other branches of knowledge, resembles a man set down in a dim 
light on an imknown continent. The phenomena within his 
immediate ken are obscurely seen, and the area of the unex- 
plored district does not appear much larger than that which he 
knows. When a stronger light appears, not only are the things 
near him more clearly seen, but tne unexplored district beyond 
becomes proportiondly as well as actually larger than the known 
area. As witn the traveller, the visible horizon appears to become 
more distant in a higher proportion than the intensity of the 
light ; so with the physical student, the more we know the 
greater is the apparent extent of the unknown regions. Having 
ascertained that the ultimate particles of quartz are arranged 
in a definite way, it is for future inquirers to determine the 
conditions which bring about the di^rent kinds of arrange- 
ment 

Rock ciystal^ or hyaline quartz^ occurs either in crystals and 
crystalline grains, or as a constituent of crystalline and sedi- 
mentary rooLS, or as the gangue of metalliferous veins. The 
ciystals are more abundant and more perfect in the older 
metamorphosed sedimentary rocks than in such as bear unmis-' 
takeable signs of having had an igneous origin. Many sand- 
stones are known which are wholly or mainly composed of 
minute ciystals of quartz, as, for example, a sand connected 
with the lignite fonnation of Germany, certain portions of the 
millstone grit, Vo^es sandstone, quadersandstein, and the 
Potsdam sandstone. In some instances the crystals are perfect^ 
and not cemented together, while in others they are more or 
less imperfect on the sides where they touch each other. They 
also occur in the drusy cavities of limestones, amygdaloidaL 
rocks, and in the hollows of shells ; indeed, they may oe looked 
for in almost every hollow space, more especially such as are or 
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have been a certain depth beneath the surface. Qnartz is more 
abundant in the rolled, massive, and semi-crystalline states ; 
these are the forms it usually has in sands, sandstones^ granites, 
quartzite, metalliferous lodes, &c., in wnich it is nr^uently 
associated with a white chalcedonic variety. In most cases 
where both varieties occur together the microscopic examination 
shows that the white kind has been introduced last, and that the 
hyaline grains probably represent the original puins of the 
sedimentary rock. Instances of their association m veins will 
be found under Gold, Jl. C. S., where they are distinguished as 
vitreous and saccharoid. Quartz is the usual form assimied by 
silica in the phenomenon termed silici^cation, as also in that 
known as pseudomorphism. No mineral occurs in the form of 
so many other substances as quartz ; thus, according to Bischof, 
there are 27 such pseudomorphs. He cives examples of the 
occurrence of quartz and other varieties of silica in the form of 
calcite, bitter spar, iron spar, calamine, siliceous calamine, 
cenisite, gypsum, barytine, baryto-calcite, fluor spar, and mica. 
Amongst otners may be mentioned those of celestine, stilbite, 
hculandite, &c. On the other hand, quartz may itself be re- 
placed by other minerals, such as steatite. 

In almost all countries which are rich in metallic ores, the 
more highly crystalline rocks are traversed either by numerous 
threads or by thick bands of quartz. The association of quartz 
with certain metallic ores is so common that it may be said, 
without much error, that a country rich in quartz veins also 
abounds in metallic wealth. There are cases, however, when 
quartz veins contain little or no ore. As an example of a highly 
silicated country, California is perhaps the best that could be 
selected, since we know no other that seems to show so clearly 
all the stages of silicification, and probably few surpass it in the 
magnitude of its quartz veius. Few, probably, exhibit rocks of 
cretaceous and even tertiary age which have their indications of 
sedimentary deposition so completely obliterated by metamor- 
phic action, ana yet retain, in the form of highly alkaline hot 
springs, the agents by which such metamorphiom may have been 
effected. The Pine Tree and Josephine gold mines are in a vein 
having an average thickness of twelve feet, but in places it 
swells out to as much as forty feet. In a line with these are 
other gold mines, which are also situated on enormously thick 
outcrops of quartz. There is no proof that they are all situated 
in the same quartz vein, but the fact of their being apparently 
on the same line of strike seems to lend much support to the 
view. Some of them are upwards of seventy miles aistant from 
Pine Tree. Near Coulterville a thick quartz vein, supposed to 
be a continuation of that jusl referred to, outcrops in the Pefton 
Blanco or the White Rock, which forms one of the most promi- 
nent landmarks of the district, on accoimt of its elevated 
position and dazzling character. Here it has a thickness of 
about eighty feet. What appears to be a continuation of the same 
veins crops out in Tuolumne Co., where it forms the eminences 
named Wniskey, Poverty, Quartz, &c. Hills. Some of the veins 
present noticeable peculiarities. Thus not a few have the form 
of a chimney rather than a vein. One of these in Amador County 
has been worked to a depth of upwards of 900 feet The 
quartz in it is of a grayish-white colour, and interlaminated ^vith 
seams of soft slate, which have a direction parallel to the 
sides of the vein. In another quartz vein the mmeral had appa- 
rently been crushed by the pressure of the overhanging rocks. 
A vein has ako been noticed which disappeared in places and was 
being replaced by a soft black shale, containing small quantities 
of quartz in fine powder. At Massachusetts Hill, in Nevada 
County, a quartz vein has a very flat dip, and seems to form a 
kind of basin, a featuse which nas not, so far as we are aware, 
been noticed anywhere else. The maximum thickness is about 
2i feet, and where best developed the vein is divided into three 
distinct floors or bands, with several inches of rock between 
each. In Australia there are some examples of several quartz 
veins arranged in horizontal layers one above another, but these 
occur in dykes. [Gold, E. C. S.] Near Mokelumna Hill, in 
Amador County, a well-formed quartz vein cuts through one of 
the superficial gravels, and has, according to Whitney, evidently 
been formed since the deposition of the gravel by the action of 
waters holding silica in solution. The mass of the vein is 
formed of agate and chalcedony, but portions have a ferruginous 
character. " This," says Whitney, " is not an isolated case ; 
other localities have been noticed where all the conditions neces- 
sary to the formation of quartz veins, similar in their general 
features to those in the auriferous slates, must have existed 
during the most recent geological epoch." Farther to the east, 
or near Virginia city, in the Nevada territory, are the celebrated 



Steamboat Springs, where there is much probability that a 
quartz vein w in process of formation. Tjie springs are so 
named from their intermittent action, accompanied by a puffing 
noise and the discharge of columns of steam. The springs are 
situated alons a fissure, but the water escapes at points some- 
what distant from each other. The following passage, descriptive 
of the deposits formed by them, is from a paper by W. P. Blake 
(* Q. J. GeoL Soc.,' xx., p. 323J. " This mound, some two or 
three acres in extent, and white as chalk, consists chiefly of 
silica (siliceous scales) deposited by the water in an amorphous 
granular state. The deposition in the basin-shaped springs is 
very rapid, and forms elevated annular mounds. Where the 
water stands in pools, the silex forms crusts like ice aroimd the 
edge. In trickling down, it forms stalactites or partly covers 
the currents running over the slopes. Layer after layer is 
deposited on inclined surfaces, and some very good examples oi 
the formation of banded agate and chalcedony were seen, the 
colour being given by oxide of iron and by organic matters, 
though in general the deposit was white. At some of the 
springs a thm black film-like oxide of mangnnese is deposited in 
the basin where the heat is greatest, while the water mat flows 
away deposits ses(|uioxide oi iron beyond. Neither the speci- 
mens of the deposits nor of the water have yet been analyzed. 
Sulphur is abundantly produced and deposited among the 
cavities and fissures of the siliceous crust, especially around 
some of the steam jets when the escape is througn the fragments 
or loose debris of the fissure. It occurs largely in crusts and in 
small crystals coating the fragments. There are several remains 
of old basins upon the upper level of the moimd where the 
fonner overflowing of the springs is e^ddent. These are now cut 
through by the fissures, so that the water falls to the level of the 
lower sprmgs and overflows at these only. The new fissure 
appears to have followed the line of the principal jets ; and this 
cnange must have taken place within a few years, for the old 
basins are yet very perfect in form, half being on one side of the 
fissure, ana half on the other. The craaking of the superficial 
deposits is evidently the result of the widening of the ancient 
fissure in the rock below. We may regard the whole as a fine 
exainple of the formation of a quartz vein along a fissure ; 
for there is little doubt that if the superficial deposits were 
swept away down to the granite or porphyry, we should find 
a fissure lined with quartz, and perhaps with sulphurets of the 
metals." 

QUEBEC GROUP. Many years ago a group of rocks in 
Eastern Canada were described by Emmons as the Taconic 
system. His observations were based on the strata developed 
to the east of Lake Champlain, the thickness of which strata he 
estimated at 20,000 feet. He divided them into an upper and a 
lower division, and asserted that the ascending oraer was : 
(1) giianular quartz ; (2) the Stockbridge limestone ; (3) magne- 
sian slates ; (4) sparry limestones ; (5) roofing slates (graptolitic) ; 
(6) siliceous conglomerate ; (7) Taconic slates ; (8) black shales. 
All these, moreover, were said to be older than the Potsdam 
sandstone, which is, with the exception of the Laui^entian lime- 
stones, the oldest fossiliferous stratum in America, and equivalent 
to the Lingula flags of Britain. 

These rocks are the same as those known as the Quebec group, 
the true age of which has only been established in the last few 
years. They are largely developed in Eastern Canada, their 
strike being for the most part north-east and south-west. They 
form a narrow band, which, commencing at Point Gasp6, skirts 
the southern bank of the St Lawrence as far as the Isle of 
Orleans, from whence the western mamn trends southerly, and 
passes by the east side of Lake Champlain, by Albany in New 
York, Harrisburc in Pennsylvania, and still farther south. 
They also cover large areas in New Brunswick, Maine, Nova 
Scotia, and Newfoimdland. Near Lake Champlain they are 
very much contorted, so that it is difficult to ascertain their true 
stratigraphical order ; but they occur in well-developed nearly 
horizontal strata along the shore north of Belle Isle Strait, at 
the mouth of the Giuf of St. Lawrence. They rest on Lau- 
rentian gneiss, and form a band about eighty miles long, ten or 
twelve wide, having a dip of about sixty feet in a mile towards 
the sea ; they are «2so continued along the shores of Newfoimd- 
land. The order of the strata is shown below : — 

1. Red and grey sandstones, with Scolithus linearis . 231 ft. 

2. Grey, reddish, and greenish limestones, with Para- 

doxidcs Tkompsoni, P. Vermontana^ Obolella cin- 
gulata, &c 143 ft. 

3. White-grained siliceous sandstone . . . . 800 ft. 
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4. Qrej and reddish magneaian limestones, with lAn" 

fftUa acumwuita . - 150 ft. 

5. Dark grey limestones . . . . . . . 400 ft. 

6. Darit grey magnesian limestones, with geodes of 

quartz and calcspar. It contains numerous 
fossils, such as Bathyurus cordai, LeperditiOj 
Ophileta, Orthis, &c 400 ft. 

7. Dark grey magnesian limestone, with Murchisonia 

Anna, Bathyurus, Leperditia, OphiUta, OrthiSj 

&c 130 ft. 

8. Greyish blue limestones, \idth Murchisonia Anna, 

Filoeeras canadense, Bathyurus, Leperditia, Ophi" 

leta, Orthis, &c . 340 ft. 

9. Light yellowish-grey mottled magnesian limestones 150 ft. 

10. Light grey and yellowish- white mottled magnesian 

limestone, with Murchisonia, Bathyurus, Leper- 
ditia, Ophileta, Orthis, &c 130 ft. 

11. Light greyish-blue limestones, with J^^osporw/io, Stro- 

matopora, Murchisonia, &c 130 ft. 

12. Light bluish-grey limestones .... 560 ft. 

13. Black bituminous limestone 200 ft. 

14. Grey calcareous sandstones, of a somewhat con- 

glomeratic character 700 ft. 

15. Grey, drab, and whitish limestone conglomerates, 

with Graptolithus Headi, CamereUa cakifera. Ma- 
clurea ponderosa, Bathyurus Saffordi, Holemato- 
pus angelini, Endymion Meeki, OphUeta, Orthis, 
Orthoceras, &c 700 ft. 

16. Greenish chloritic sandstones, interstratified red 

and green shales, probably not under . . . 2000 ft. 

7154 ft. 



Of these 1, 2, and 3 may be referred to the Potsdam formation ; 
4 — 9 to the calciferous formation ; and 14 to 16 appear to repre- 
sent the strata of thiS' group which occur at Pomt Levis near 
Quebec. In this latter oistnct the strata are curved into several 
undulations, the tops of which have been planed down by denu- 
dation. On Orieans Island the Utica ana Hudson river forma- 
tions dip towards the south-east at an angle of about 50°. Rest- 
ing upon these, and dipping in the same direction and at the 
same angle, follow the Quebec group. According to Sir W. 
Logan, these strata have a thickness of upwards of 5000 feet. 
The real thickness is, however, much less, as the beds are 
repeated three or four times over. In the lower part they are 
composed of green magnesian and argillaceous, some of which 



contain OraptoUtes, interstratified with several limestone con- 
glomerates; and in the upper part of glauconitic beds, grey 
sandstones, and red and green shfdes. The limestone conglome- 
rates have yielded numerous fossils. In 1862, 137 species were 
known, of which 42 were graptolites, 55 mollusks, 36 articulates, 
and 4 radiates. And since 1862 many more have been dis- 
covered. Of these one is known in the Chazy, and nine in the 
calciferous formation ; whilst many others are closely allied to 
calciferous species. The genera represented by the greatest 
number of species are Leptoma (5), Orthis (14), Pleurotomaria (7), 
Murchisonia (4), Metoptoma (7), Orthoceras (7), Gyrtoceras (6), 
Bathyurus (8), Dikelocephalus (7), Graptolithus (29), and Uendro- 
graptus (7). 

Having glanced at the rocks known to overlie the Potsdam 
sandstone, let us return to Emmons' section. He knew of very 
few fossils, but in his No. 5 he found Triarthrus Beckii associ- 
ated with Graptolites, As far as is yet known, Triarthrus Beckii 
is restricted to the Utica formation in Canada, and it is known 
to be frequently associated with graptolites, a fact which at once 
suggests a doubt as to the age assigned to the rocks. His evi- 
dence, however, mainly rested on stratigraphical evidence, and 
the circumstances under which the Quebec group and older 
rocks occur together, are certainly apt to mislead, as will 
be seen by referring to the following section, which represents a 
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T, Tronton group; B, Black River group; C, Chary group: 

/, fiiult : / , ovorUp ; L, level of Lake ChampLom ; 

S, level of sea. 

phenomenon commonly met with along the western outcrop ol 
the Quebec group. The rocks dip towards the east ; a person 
worMng from the W. would soon discover that in passing from 
T to the first 0, the easternmost strata were the newest ; as 
the strata between this point and the E. end of the section also 
dip towards the east, it would naturally be inferred that the 
strata beyond /' were the most modem. Further researches 
would show that the existence of the faults and of the overlaps 
renders this inference incorrect The strata examined by 
Emmons are brought into a similar x>osition by faults and over- 
laps. 
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•p ADIOLARIA, [FoRAMnransEA, E. C. S.] 

RAISED BEACHES [Beaches, Raised, E. C. vol. i. cols. 
400, 401 ; Post-Pliocene Period, E. C. S. cols. 715 — 717]. 
The term beach is applied to the detrital material which accu- 
mulates at the highest margin of all waters subject to periodical 
ebbs and flows. A sea-beach, then, marks the line or band up 
to which the high tide usually reacnes. When this line remains 
at nearly the same level for a long period the quantity of shingle 
collected is considerable. Under favourable conditions, such 
shingle deposits may be preserved for a long period. As such 
beaches are alwavs formed at the high tide level, and as many 
are now to be lound above that level, they indicate to us the 
changes which the land has undergone with respect to it. These 
changes are of two kinds, viz., changes in the local heights of 
tides, and changes in the height of the land relatively to the sea 
leveL The elevation of a beach above high- water mark is, then, 
due to two different sets of causes. By the one set the water 
leaves the beach owing to the readjustment of high-tide level ; 
and by the other the beach leaves the water, owing to the 
upheaval of the land. Geologists, however, rarely distinguish 
the two kinds of elevated beaches, but call them all raised 
beaches. The beaches which have been left high and dry with- 
out alteration of level have generally been formed above the 
mean level of high-water mark, and have become exposed by 
local alterations in the outline of the laud, whereby the waves 
which were compressed into a narrow space are allowed to 



spread out more freely. A raised beach implies that the land 
itself has been elevated ; but as the amount of uplift varies 
with the locality, it is sometimes exceedingly difficult to deter- 
mine how muc£ of the height above the sea is due to elevation, 
and how much to local recession of the high- water mark. For 
similar reasons, it is not always easy to say whether two raised 
beaches on nearly, but not quite the same level, are contempo- 
raneous, or whether the higher is older than the lower. Again, 
difficulties arise from the circumstance that the land oscillates in 
level, and that occasionally a beach may be formed on nearly 
the same horizon as another which had been formed at an earlier 
period when the land and sea were similarly related as to height. 
As beaches have been formed at all heights of the land, we 
may expect to find them at any level ; but owing to the more 
extensive denudations which the higher lands have undergone, 
raised beaches are far more abundant near the present level of 
the sea margin than far above it. At the lower levels also they 
form less disconnected lines than at the higher, and thus enable 
us to determine their contemporaneity with greater certainty. 
Round the British Isles, but especially on tne west coast of 
England, Wales, and Scotland, there is a conspicuous line of 
beaches at from 30 to 40 feet above the sea. Beaches generally 
mark the height at which the land remained comparatively 
stationary, and along this 40 feet line we have an immense 
accumulation of detrital matter and numerous caves. This 
lower line of beaches is the most recent, and yet it is evidently 
of great age ; for no satisfactory evidence has been adduced to 
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show that any upward movement hag taken place since the time 
of the Romans. At the highest levels the l^eaches are so few 
and BO scattered that it is difficult to group them into periods. 
At present we propose to mention a few only of the nighest 
Along the rocky snores of North Wales is an old coast line 
between 200 and 300 feet above the sea level, marked bv a con- 
tinuous line of rounded projections and recesses modelled by the 
waves. Near Llandudno, and in one of the caves, is a sningle 
beach formed of precisely the same material as the one in process 
of formation. At Great Orme's Head a similar beach exists 
400 feet above the sea. Near Buxton there is a still more 
remarkable case. We there have a broad vallev, bounded on 
the west and north by Axe Edge, Burbage Edge, Long Hill, and 
Black Edge ; and on the south by the lower ran^e of hills of 
which Harper Hill forms a part. In this valley is a limestone 
ridffe, having a north-westerly and south-easterly direction. Its 
highest point is a prominence known as *^ the Tower," forming a 
portion of Qrin Edge, and rising to an elevation of 1435 feet 
above the sea. Opnosite to it is Harper Hill, having about the 
same height The hiUs are covered by a thin layer (h turf, clay, 
and sand ; and when this is removed for the purpose of quairy- 
ing the limestone, the surface of the rock presents all the appear- 
ance of a beautifully preserved sea-beach and shore. The 
limestone is worn into noles and cavities of the most fantastic 
form, some of which are tilled with pebbly shingle. At the 
lower edge of this shore is a line of Dold craggy rocks, at the 
base of which is a limestone terrace supporting mrge blocks of 
stone, and worn into holes, just as is frequently to be seen at 
the low-tide level of rocky shores at the present dav. Here we 
have the whole space exposed from the nigh-tide beach to the 
low-tide margin. The craggy cliffs and rou^h rocks are repeated 
at intervcds to the bottom of the valley, but not the shingly 
beach. The height of this beach is about 1435 feet above the 
sea, ajid it can be traced as a narrow fringe along the hill sides 
for fully half a mile. When standing on Grin Edge, and look- 
ing across the valley, a similar line is distinctly marked on a 
level with the eye along the upper slopes of Harper Hill, and 
there also a similar beach has been discovered. From their 
being on nearly or quite the same level, it is believed they were 
contemporaneous formations. They seem to have undergone 
littie alteration, from having been protected by a covering of 
whit« clay. These high terraces bear testimony to the ^eat 
depression of the land during the post-pliocene period, and to 
the enormous uprise which has since taken place. In Ireland 
there are many lines of escarpment at considerable heights, and 
on some of them are raised beaches. In Yar-Oonnaugnt, seven 
sets of sea margins have been observed at heights comprised 
between 130 feet up to 1070 feet. In Slieve Aughta they rise 
up to 1240 feet. In Canada thirteen sea morgms have been 
detected at heights varying from 342 up to 996 feet. Similar 
phenomena are observable in many other countries. 

RAPHIDES [Tissues, Vegetable, E. C. vol. iv. coL 10731. 
This name is given to the mineral accretions which are developed, 
sometimes abundanUy, and sometimes sparingly in the cells of 
many plants. One of the later authorities on tne subject is Pro- 
fessor Gulliver, who treated it at considerable length in a series 
of papers in the 'Annals and Magazine of Natural History' for 
1863. He indicates that while some orders of plants are raphi- 
diferous, others do not develope raphides ; but he pushes his 
inferences too far when he insists that such a character should 
be regarded as of universal and fundamental importance in 
systematic diagnoses. Another group of bodies similar to the 
above may be here mentioned, viz., cystoliths. These are princi- 
pally collected together in certain cells in or near to the epi- 
dermis, but occasionally they occur in the deeper seated cells. 
They are formed largely of cellulose, mingled with various pro- 
portions of carbonate of lime. In their earliest stages they are 
suspended bv filaments of cellulose. Their shape varies, but is 
frequently characteristic of a genus. Thus in Ficus they are 
ovoid ; in PUea, Y-shaped, and in a few horse-shoe formed. 

RETICULOSA [Fobaminifeba, E. C. S.]. 

RILETIC BEDS. In the neighbourhood of Bristol and in 
several other districts of the West of England there occur a 
series of strata with peculiar fossils above tne red marls of the 
Keuper, and beneath the calcareous deposits of liassic age. The 
strata pass gradually downwards into the Keuper marls, but 
there is a break of variable extent between the uppermost 
Rhsetic and the lowermost liassic beds. The red mam below 
pass by degrees into greenish marls, which are followed by 
black papery shales and thin bands of tough creyish limestones 
quite diiferent in appearance from those of the liassic seriea. 



The most abundant Rha)tic shells are Pecten vahniensis, Modiola 
minima, Pullastra arenicola, Cardium rluBiicuviy and others. 
All these are rare, or absent in the lowest liassic beds, in which 
Ammonites planorbis and Ostrea licusica occur in immense nunb 
hers. Although the Rhrstic beds are generally of inconsiderable 
dimensions, thev have been detected m many parts of the Con- 
tinent Thus they are met with all through Germany, Norway, 
Sweden, Bohemia, Hungary, Lombardy, and the south-east of 
France. In the north it is generally thin, but its thickness 
increases towards the south, so that in Lombardy and the Alpa 
it constitutes whole mountains. Wherever exposed it abounds 
in organic remains ; the Avicula contortay the bones of fishes 
and reptiles, and numerous individuals of GerviUia and 
Pecten, characterise it throughout its range ; while in England 
on the west, and in Wurtembui'g on the east, mATnp v>.]i^yi 
remains have been met with. But although it is characterised 
everywhere bv a few common ^Lssociated species, the litho- 
logical and palsBontological features are by no means uniform. 
Considerable diversity in the nature of the strata and in the 
composition of the fauna is detected wherever anv large area 
is thoroughly explored. In the soutii calcareous deposits pre- 
vail, while in the north and in the west arenaceous strata form a 
considerable proportion of the thickness. Where it is most 
sandy and thinnest it is accompanied by its remarkable " bone 
bed, which is absent where tne series is most calcareous and 
thickest. On the Continent, as in England, it ib confonuable 
with the Keuper, but unconformable with the lias ; so that it ia 
a triassic rather than a liassic group, contrary to what was the 
prevalent opinion some time back, when these beds were placed 
m the lowest part of the lias. 

In addition to the species mentioned above as common in the 
Rha}tic beds, the following are of general occurrence : — GerviUiiM 
prcecursor, Anatina prcccursor. A, Suessi, Schizodxumascwnor^ Lima 
pracursoTf Leda percaudata, Sargodon tomiciis, and Acrodus mini- 
mus. The pala3ontological differences maybe roughly indicated by 
referring to the local development of corals in the Alps and iu 
Western England ; to the restriction of GervilUa injlata to the 
Alps ; to the numerous species of Equisetacex and Cycadecs found 
in Germany only, and, as already noticed, to the Ihnited area of 
the bone bed. We have spoken of the bone bed as though it were 
a single stratum. Many geologists are or have been of thia 
opinion, but there is no question that at some localities two or 
more bone beds aro met with on nearly the same horizon ; so 
that it is premature to assert that the same bed is found at aU. 
The layers of bones usually mark surfaces which have remained 
for a long time without additions of material, and which fie- 
quentiy present more or less imconformability to the next 
stratum. 

The Rhsetic beds are especially remarkable for being those in 
which the as yet earliest known mammalian remains have been 
found. In 1847 the bone bed at I>i^;erloch in Wiirtemberg 
yielded the marsupial genus Microlestes; in 1858 Mr. Moore 
found teeth of the same genus, as alBO of others not yet named, 
in a fissure of the carboniferous limestone filled with Rhsetic 
breccia ; and in 1861 Dawkins discovered teeth of Hypsi- 
prymnopsis rJu^icus in a low part of the series near Watchett, 
so low that this last is the oldest mammalian species dis- 
covered. 

Sections of the Rhsetic beds can be studied at East Cliff and 
Westbury on the Severn ; at Watchett, Pyle Hill, Beer Crow- 
combe, Long Sutton, Shepton MaUet^ and Saltford in Somerset- 
shire ; at Penarth (from which locality the group is freouently 
known as the Penarth beds) and Patchway in South Wales i as 
also in the railway cuttings at Hatch Beauchamp^ WUlsbriage, 
and Newbridge Hill. 

RHINOCHETUS. A genus of birds, of which bat one 
species, R, jiibatuSy is known. It is an inhabitant of the little- 
known island of New Caledonia, the natives of which call it the 
kagu, and catch it for the sake of its flesh. The French, who 
have lately colonised the island, also consider it to be excellent 
eating, ana large numbers have consequentiy been killed. From 
these and perhaps other causes this bird, which was at one time 
plentiful near Port de France, is becoming so scarce that it ia 
now very difficult to procure live specimens. Thev frequent 
small marshes and ponds, more especially those in tne interiay 
of the island, and feed upon worms, slugs, &c. 

In 1862 a specimen was received at the Zoological Qaidens, 
Regent's Park. It was quick and lively, and delighted in 
running after and driving about the water-hens which were 
in the same indosure with itself. Occasionally it varied its 
frolics by catching hold of its tail with its beak and pirouetting 
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in a curvilinear track, or by throwing about and chasing a piece 
of paper or a leaf ; or by thrusting ite bill into the ground at the 
same time that it spread out its wings, kicking its legs into the 
air, and tumbling about as if in a fit. In searching for its food 
it examined every comer and cranny for snails and worms. In 
catching the latter it struck the ground two or three times with 
its foot, then suddenly darted its bill into the earth, pulled out 
the worm, and with a shake swallowed it A pair of these 
birds which were living in the Botanic (hardens at Sydney are 
thus described by Dr. G. Bennett : — " The female is a fine bird, 
and the largest specimen of the kagu I have yet seen. It is 
graceful and elegfmtin appearance, active and lively in its habits, 
and its plumage in excellent condition. It is distinguishable 
from the male bird by its much lai^ger size and by the light 
colour of its plumc^e, as also of its bill, feet, and legs. She has, 
besides, a peculiar habit of crouching on the ground, and cover- 
ing herselr with her wings by throwmg them over tc^ether in a 
concave fonn, completely concealing the head and body. The 
male bird, on the contrary, throws up his wings alternately, as if 
using them as shields, and displays much pugnacity. The latter 
differs in colour from the female, his plumage being dark brown, 
with bars of a lighter shade ; the primaries and secondaries of 
the wings are very dark brown, barred with black ; the crest is 
also of a much darker shade of grey than in the female ; the back 
and legs are of a bright orange red colour. When seen together, 
the male appears snmll, compared with the female. The latter 
utters a growling kind of scream, while the male makes a noise 
between a bark and a laugh, which is difficult to express in 
words, terminating in the oft-repeated note of 06, 66, 06, 66. 
The male bird is very lively, and readily attacks its aggressors.** 
The male died, and its skeleton was sent to Mr. Pc^er, and 
formed a valuable aid to that gentleman in drawing up his 
memoir on the osteology of the species. 

But the especial interest attaching to this bird is its anatomi- 
cal structure, which combines the Matures which are elsewhere 
separated amongst the herons, cranes, rails, and plovers. On 
the whole, however, it seems to be most nearly aUied to the 
Ardeida, and is more like the Eurwpyga than any other bird. 
The broader down tufts, which are highly developed amongst 
the Ardeidce, are unusually well displayed in Rhinochettu, Tne 
tufts cover nearly the whole body, and the quantity of white 
powder which is formed is so great that when the bira dips into 
the pond the surface of the water is covered with a white film. 
In Mr. Parker's memoir already alluded to, the complex af&nities 
of the species are pointed out, and notwithstanding his careful 
investigation, he is unable to say whether it is most of a crane, 
a night herom or a wingless rail The affinities of the genus are 
thus indicated by him : — 
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(Bartlett, Parker, and Bennett, in the Proceedings of the Zool 
Soe, fw 1862, 1863, 1864.) 

RHYNCHOCEPHALUS fSPHENODON, E. C. S.]. 

ROCKS. The following is a rapid outline of the principal 
technical terms used in describing the appearance and position 
of rocks. Every rock is made up of a number of particles 
which vary greatly in size. When they are large enough to be 
seen by the naked eye the rock is said to be granular, and when 
they cannot be thus distinguished it is said to be compact TMs 
term is also, and more commonly, used in reference to a rock that 
is firm or well consolidated. The size and shape of the particles 
being variable, other terms are required to express the more im- 
porttmt differences ; when they are very small, of appredably 
the same size, and semi-crystalline, the term granular is more 
especially restricted to them, as, for example, saccharoidal or 
granular limestone, and some granites ; wnen the crystalline 
particles are somewhat larger the rock is granitoia, as in 
syenite, &c. ; and a still furuier distinction maybe effected by 
calling them fine, medium, or coarse-grained. When the mass 
is made up of markedly unequal-sized crystalline particles we 
have the porphwies. The rocks which have large crystals 
scattered throughout a compact matrix are the porphyries 
properly so called, while such as have large crystals combmed 
witn a granular matrix are termed porpkyrittc; the latter is 



more especially applied to those cases in which the large 
crystals are felspar, hornblende, or augite, special names being 
frequently used when other crystals occur, as, for instance, 
gametiferous, when they are composed of garnets ; pyritiferous, 
when of pyrites ; staurotidiferous, when of staurotide, and so 
on in several other instances. 

When the rocks are not crystalline the particles are either 
rounded and water-worn or angular. The mrmer ch^:acter ia 
more e^cially characteristic of sedimentary rocks, and the 
latter of such as have been formed by glaciers and other 
subaerial agencies. Confining our attention for the present 
to the first group, we have sands when the particles are small, 
loosely aggregated, and composed of silica ; it, as is usually the 
case, it is the quartz variety of silica, the term arenaceous is 
used. If the particles are cemented together they form a 
sandstone ; and if the small particles are intermixed with small 
pebbles the rock is known as a grit When the particles are 
small, loosely ag^iregated, and composed of carbonate of lime, 
we have ooze, which when hardened or compressed passes into 
limesUme. When the material is silicate of alumina the soft 
moist substance forms mud, which when drier and firmer be- 
comes ctoy, and when still further hardened so as to break with 
a peculiar fracture it is termed argillite or clay-slate. Generally 
the different kinds of material are mingled, and the rocks are 
then termed calcareous when carbonate of lime is the principal 
secondary ingredient; argUlaceous when it is day; micaceous 
when it is mica ; and ferruginous when it is oxide of iroxL In 
some cases these modifications have special designations. Thus 
a highly arenaceous clay is called loam, and a clay rich in 
calcareous matter is called mart If a rock is formed of rounded 
stones it is a gravel, when it occurs on the surfsice of the land or 
interbedded amongst other rocks, and shingle when collected at 
the margin of the sea. When the pebbles are cemented 
together they constitute a congUmierate, some of the darker 
varieties of which are occasionally cmed puddingstone, A 
breccia is a similar kind of rock, only the fragmente are angular. 

As amongst the crystalline rocks so amongst those of sedi- 
mentery origin there are minor differences relating to the parti- 
cles themselves. In many cases the appearances we allude to 
are apparently caused by some peculiar action analogous to 
ciystailisation, that is to say a force which brings together 
particles of a similar chemical nature, and moulds them into 
definite shapes. The kind of structure to which they give rise 
may be conveniently called in the aggregate a concretionary 
structure. In many limestones the rock is more or less made 
up of minute spherical grains. When broken these grains ex- 
hibit sometimes a compact structure, and sometimes a concentric, 
radiated, or cavernous one. The size varies from extreme 
minuteness to globular masses three or four feet in diameter. 
When they are about the size of a millet seed the rock is said to 
be oolitic, as in the limestones of the oolitic formation ; when 
they are about the size of a pea they are called pisolitic. An 
oolitic-like structure is met with in some of the volcanic rocks, 
such as peai'lstone and basalt, and is usually called spherulitic 
or globuhferous when the grains are nearly round ; nodular when 
they are somewhat elongated and numerous, and spotted, vario- 
litic, or pock-marked when they are somewhat scattered. Septaria 
are lenticular concretions which have been cracked, and the 
spaces thus formed been filled up with calcspar, brown spar, or 
iron spar. As these materials are somewhat harder than the 
main part of the septarium their outer rims appear as a kind of 
prominent net-work with, generally, pentagonal meshes. When 
the concretion is hollow and the interior lined with crystals it is 
called a geode, a term which is also applied to hollow crystal- 
lined pebbles which may or may not have been formed by 
concrenonary action. Sometimes a small concretion lies loose 
within the hollow of a larger one, so that it rattles when shaken, 
and is hence called clapperstones. 

In addition to the cavities in concretions rocks may have 
others between the particles. When such cavities are minute 
and more or less angular the rock is said to be porous, as in 
many sands and sandstones, and indeed all rocks which 
allow of the percolation of water through their substance, as 
contradistinguished from such as only sJlow the water to pass 
through by means of open passages. When the cavities are 
rounded and larger than those indicated by porosity, we have 
the vesicular condition, which may receive other names ac- 
cording as the cavities or particles occupy the most space. 
When the cavities are few in number ana scattered the term 
vesictUar is especially applied to such rocks ; when the cavities 
and solid parts occupy about equal spaces the rock is scoriaceous; 



and vheu the cavities pretlommate it is pumicarui. The I /oio ilrvclurt, and generallf aneeH from the action of Rn ebbing 
shape of the cavities may vary through all kinog of T^ular and | and flowing cnirent, mch aa a tidal wave. But it may also 
irreiiliilar sphericities, such as spheiical, lentjcnlar, pear-shaped, 
nodular, &c. Sometimea these cavitiea have been partially or 
wholly filled up by various kinds of crystals, such as quartz, 
zeolites, &c, or by layers of semi-cryBtalline matter, in all 
which cases the rock ia described as amygdalmdal [Autoda- 
LOID, E. C. S.} 

We will next proceed to the terms descriptiTe of the a 
pcaronces in the rock masses themselves rather than of tl 
particles which compose them. 

A stratified rock mass is divided by a number of lines into a 
nnmber of portions varying in aiic. Oripinally each rock was 
a sediment strewed over a surface which was horizontal or 
nearly horizontaL CooSnin^ our attention for the present to 
the lines parallel or approiimately parallel to the originally 
horizontal surface we should notice m examining any section 
exposing a side view of a stratified deposit, such as a quarry, 
railway cutting, cliff, &c., a number of layers ranged one above 
another, and, if the section be deep enough, compoeed of various 
kinds of materials, such as sand, carbonate of lime, clay, &r. 
To this kind of arrangement the term ttratijiaition is applied, 
and an example of it is given in jig. I, wliich represents a 
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result from flnviatile action, as exemplified in fig. 3, which 
represents the section of a sand-bar, two miles al)ove Wayne 
city, on the Missouri river. A more complicated variety is the 
htach ttraetare, in which there are seldom any traces of paj^elism, 




Sortion of the cliff in Compton Bay, lale of Wight. The order, 
ascending from the top, is soil, sand, iron-stone, sand, sand- 
stone, gravel, and shales. Each of these, with the exception of 
the iron-stone, is a tiratum. In addition to the horizontal tines 
bonnding the upper and lower surfaces of each stratum, there 
may be noticed in the sandstone a middle line dividing it into 
two parts. When there are a number of these divisions it ia 
nsual to call each one & htd; and according as they are few 
or many inches thick the stratnm is said to be (Mn heddtd or 
Auk bedded. The shale ia sub-divided into many minnte 
divisions, each of which is commonly called a lamina, while 
rocks of this nature are said to be mnly or ^ninattd. Stam 
and band are applied to thin layers of one material, generally 
coal, iron-stone, or quartz, interbedded amongst a thick stratuni 
of some other material. In cases where the band is thick it is 
called indifferently a bed or a seam. In some schists and in 

faeiss there is an appearance very similar to lamination pro- 
oced by the different materials of the rock, generally mica, 
quartz, and felspar, being collected separately into thin faminaa. 
This, it will be noticed, is somewhat different from ordinary 
lamination, in which one lamina resembles another in compota- 
tion, whereas in gneiss, &c., there is a certain amount ol dis- 
tinction in the composition of the laminie. This appearance is 
called foliation or icAuhwe. 

The various lonmue in a bed are not always deposited hori- 
zontally one over another, but' are occasionally arranged in a 
slanting direction. By some authors this is called emapownd 
btddinff, and bv others ^olit and crou bedding. There are several 
varieties of false beddmg, each of which is indicative of a pecu- 
liar method of deposition. The simplest is that shown by the 
beds b and d in fig. 2, which, it will he seen, are composed of 
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of bedding, or of lamination, and in whicli the beds rapidly thin 
out or alternate from sand to ^veL An example of this is 
represented in the following seouon,j((f. 4, by the gravel beaii 
0, which is now 25 feet above the present level of the sea. The 




gand-drift strnctnre is still more confiued and irregular The 

subordinate parts are laminated but tiiere is an sknost entire 
absence of anythmg like stratification as is well shown in^ S 




In all these cases, excepting that of the sand-drift structnre, 
there is reason to hdieve that the strata were originally nearly 
horizontaL This may not always he at first sight apparent in 
the beach structure, hut it is perceptible if attention be given to 
the stratum rather than to the beds or lamints. Under the in- 
fluence, however, of various elevator^ and depressing forces act- 
ing within the earth's crust, these horizontal strata are, sooner or 
later, liable to be tilted up, fractured, or bent, so as to give rise 
to the phenomena which will next engage our attention. 

When the land ia uplifted or depressed unequally, the strata 
necessarily take a sloping position relatively to the horizon. 
This slope of the strata, as represented in the groups of beds 
numbered 1, 2, 3, 4, in Jig. 6, is called the dip. Its amount is 
indicated by the angle which it makes with the plane of the 
horizon or sea-level, and its direction by the point of the com- 
pass towards whidi the slope may be. Thas at Turin the dip 
would be about 10° and the direction north-west. The line at 
right-angles to the dip is called the itrike, and although there 
may also be a slope in this direction, there is not, so ui as we 
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are aware, any technical term to express it. When the strata 
dip in opposite diiections so as to meet in a ridge when prolonged 
upwards, the line or strike louming along this ridge is called the 
anticlmal line or oxm; B, ^. 6, marks the poution of such a 
lin& The ridge itself forms an arch or taddU. When, on the 
other hand, the strata dip so as to meet in their downward ex- 
tension, they are said to form, a trough or badn. In this in- 
stance the rocks filling np the baain were deposited when the 
older stratum. No. 4, was EorizontaL But there is another form 
of basin, which should not be confounded with the kind above 
noticed, viz., that in which the central strata were deposited 
after the older rock had assumed its synclinal form. This is the 



ROCKS. T88 

solving away the material bv which the particles are cemented 
together, and partlr bj ruobing off the particles themselves. 
These ful into the rills, rivulets, and rivers, and are carried to 
a lower level, sometimes a few j^ards, sometimes a few miles, 
and sometimes into tlie sea. This degrading process is called 
daiudation, and it \% bj this process that all the main outline 
features of the land are produced. Thna in fig. 6 it may be 
noticed that the beds of stratum No. 4 are rendered discon- 
tinuous in consequence of portions of them having been scooped 
away, while extensive lengths of the strata numbered 2 and 3 
have entirely disappeared. This has been effected by denuda- 
tion. Hence by tne continued action of this force and of up- 
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form generally meant when the word basin is used. The differ- 
ence between the two cases appeais to us to l>e sufficiently great 
and important to warrant the proposal of distinct names for 
them. An imagmary line runmng along the ceutral strike, as 
at A, is known as the synclinal line or axii. These remarks, 
with the aid of the cut, will sufficiently explain such expressions 
as tracing a bed until it is taken down by a synclinal at W. Ogle 
(see fig. 6), and is brought up again a few miles off at Findhaven 
by an anticlinaL and then, bending over the arch, disappears 
with a dip of I** towards the south-east. Instead of one bend, 
OB shown in the figure, there may be a series of them within the 
space of a few miles. These are termed folda or uniulationt. 
When the beds dip in several directions from a central point it 
is called ^oAqaAvtrtal; it is exemplified in many volcanic cones. 
The folds themselves may present variations in character. Th iia 
their two slopes may have equal or unequal dips in contrary 
directions. In the former case tiie axial plane is perpendicular, 
while in the latt«r it has a dip in a certain direction. Examples 
ot this abound in the Appalachian range, where the rocks are 
thrown up so as to resemble a grand system of waves solidified 
in the act of turning over, and with their crests more or less 
denuded. During the process of elevation and d^renion, the 
rocks ore not onl^ bant into folds, but are frequently fractured, 
and the beds are either simply disjoined or the direction of their 
aeveral parts is entirely altered. This dislocation in the vertical 
direction is & fault, which is shown in one of its simplrat forms 
in_^Sr. S. This kind is sometimes called a trough fault Another 
and more common description of fault is represented in JCgt. 8 
and 10, Geoloqt, E. C. In many of the mining districts the 
term fault i» applied to almost anything that intemipta or 
deteriorates a bed of coaL Thus a sandbank occupying the 
place of the coal, such as shown in fig. 5, is so called by some 
mitien ; as also a dyke of intrusive rock cutting through the 
coal, and even an outcrop of the coal bed. None of these phe- 
nomena have any connection with faults, although the sand- 
bank is termed rod fault by the ofEcera of the Geological Sur- 
vey. The strata displaced by a fault are either pushed upwards 
or let downwards. In the former case they are said to have 
undergone an upthrow of so many feet, or yards, or fathoms, and 
in the latter a dovmihrvtti. No amount of tilting and faidting 
will produce the appearance now presented by the uppermost 
Buriaces of rocks. This is brought about by the action of the 
sea during their gradual elevation above its level, and by that of 
rain, rivers, and atmospheric influences when they aie above 
that leveL These agents wear down the rocks partially by dis- 
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heaval the fragmentary ends of the strata 4, 3, and 2, ai 
at the surface. This appearance is known as <mti>roppi7ig or 
bauetting. Such an area may be gmdually submeiged beneath 
the sea, the undulating surface planed level by the waves, and a 
freah series of strata deposited upon the upturned edges or out- 
crops of the beds, as is well shown in the following aketch of 
GraceI>ieuquairy,inLeiceeterahire(jC;.7}. The dip of the strata c 
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and b are nearly the same, while the beds of a do not dip at all. 

Whenever the beds of a connected group of strata harmonize iii 
position, that is, are parallel to one onuthe^ they are said to he 
eon/ormabU, but when there is a want of harmony in their 
pimics of extension, they are said to be tiJiconformabU. Thus 
there is an unconformability between a and the beds Ei, c. There 
is also an unconformability, although sUglit, between d and the 
bonds of limestone above it. The tmconformabihty indicates a 
pause of variable duration in the depositing agents. Sometimes 
the time that has elapsed between the cessation and recom- 
mencement of the process may have been comparatively short, 
in which case the materials below and above the hne of uncon- 
formability are generally nearly alike. In other cases the time 
that has elapsed has been so great that the lower strata have 
been u]>heaved and tUted from their original position ; the 
upper strata are widely different in tlie nature of the materials 
formins them, indicating a considerable alteration in the rela- 
tions 01 the depositing agents towards that particular spot ; and 
the fauna which preceded the formation of the line of unconforma- 
bility differs from that which immediately succeeds it. When 
the changes are sufficiently well marked, the unconformability is 
said to mark a bnak in t^e order of deposition and in the suc- 
ccBsion of life. 
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ST. CASSIAN BEDS. A group of strata belonging to the tri- 
assic foimation, which has yielded at St Casaian in the Tyrol 
a remarkable assemblage of fossils, both as regards character and 
number. This local faima has been carefully studied by Mimster, 
Rlipstein, Laube, and others, and now comprises upwards of a 
thousand species. In these beds some of the palaeozoic genera 
appear to come to an end, and in them we find some genera com- 
mence, which ascend far up into the liassic series. Hence the 
fauna links on the paLeeozoic with the mesozoic life. 

SALMONIDiE [E. C. voL iv. cols. 652-654]. Whenever an 
eminent zoologist concentrates his attention upon a group of 
animAla such as a geuus or small family, it almost invariably 
happens ti^at he sweeps away a portion of the cobweb of errors 
that had collected about it, places old facts in a new light, 
and gives the new facts acquiired b^ himself a more interesting 
aspect in consequence of the partial insight they afifbrd us of 
the existence of some of the hitherto undiscovered laws which 
regulate the af&drs of animals. One illustration of this is 
am>rded by Dr. Albert Giinther's recent contributions to the 
knowledge of the British charrs. 

The genus Salmo is divided by him into Salmones or the sal- 
mons proper, and ScUvelinii or the Salvelines. The latter group 
embraces the charrs, which are remarkable for being distributed 
in all the deep lakes of the northern hemisphere, and for the 
apparently restricted range which some of the species have. 
Some are onlv ^own to exist in a single lake ; and it would 
almost seem tnat not a few are on the verge of extinction. It 
has generally been supposed that there are three British species 
of charrs identical witn those named by Linnaeus, — 8. scUvelinus, 
S, vmbla. and 8, cUpinus; but Dr. Qtinther shows that 8. alpinus 
is the only Immeean species which has yet been found in Britain. 

The 8. salvelinus of Linnceus was the name given to a German 
fish, which is still Imown as the SdJbUng in various localities. 
The British specimens assigned to this species have a much nar- 
rower head, a much larger eye, and a far lai^er pectoral fin than 
the German representatives. Accordingly, Dr. Gunther decides 
they are not specifically identical; and that, therefore, the British 
specimens do not belong to 8. aalveliniju. He also gives his reasons 
for believing that the British specimens referred to 8, wmhla 
do not belong to the same species as the specimens thus named 
by linnseus. He passes in review the researches and opinions 
of the various idithyologists who have treated of this group, 
firom Willoughby in 1685 to Yarrell in 1841 ; and endeavours 
to point out the errors into which the most of them fell. AgasFtiz 
ana Thomson considered that all the charrs in Great Britain and 
Ireland belonged to but one species, which species was subject 
to extraordinary variety. Witnout denying that they mav be 
varieties of one species. Dr. Gunther avers that neither of the 
two above-mentioned eminent observers have given any details 
to prove their position ; and that, therefore, we ought to take the 
species as they are. Dr. Giinther lays down a good foundation 
for future enquirers, by carefully describing each well marked 
form. The charr of Windermere is termed 8, JViUwhbii ; the 
Torgosk of Llanberris, 8. Peridi; the freshwater herring of 
LoTlgh Melvin, 8, Orayi. A number of specimens collected 
from Lapland, Orkneys, and Scotland, were referred by Dr. Giin- 
ther to §. aVpmus ; but he jpoints out that there are certain dif- 
ferences between the specimens of different areas which may 
require their specific separation at some future time. For ex- 
ample, the Lap specimens attain their maturity when from twelve 
to uiMeen incnes long, while those of Scotland are mature when 
only nine inches in length. The Scotch specimens are not iden- 
tical with the 8. cdpimus of Lapland, but may belong to a variety 
of it. This vaiie^^ is found in Lake Heher in Hoy, Orkneys, 
and probably certain other lochs in Scotland. 8. colli is the 
name for a species from Lough Eske. It is smaller than the 
foregoing, attaining maturity when five inches long. Dr. Gtin- 
thors conclusions are : — 

1. That three very distinct species uf charrs are found in 
Great Britain, namely, 8, WillughUi in Lake Windermere and 
Loch Bruiach ; 8. Perisii in Wales ; and 8, cUpinus in certain 
parts of Scotland. 

2. That these three species differ, by most constant characters, 
from the 8, wribla and 8, salvelmus of the Continent ; but that 



8. cUpinus of Scotland is closely related to the 8, cUpinus of Lap- 
land, differing merely by its smaller size when first attaining to 
maturity, and. by the number of vertebrae. 

3. That Iceland is inhabited bv a distinct species, 8. nivcUis, 

4. That the charrs of Ireland form a separate group by them- 
selves, distinguished by the feeble development of tneir denti- 
tion ; and that the charr of Lough Melvin (8. Gray%) is a distinct 
species from that of Lough Eske and Lough Dan {8, Colii), 

A few of the principal distinctive characters of the mature 
individuals is given in the following synoptical list : — 

I. Jaws well developed ; teeth of moderate size. 

A. The length of the pectoral fin in the mature fish less than 

one-hsuf of the distance between the roots of the pectoral 
and ventral fins. 

1. Thirteen dorsal rays. Intermaxillary teeth much 
stronger than those of the maxillaiy. Lateral line 
formed of 185 scales. Lower parts silvery. 8, umhla, ' 

2. Fourteen dorsal rays. Intermaxillary and maxillary 
teeth equal in strength. Lateral line formed of 190 
scales. Lower parts red. 8, salvelinus. 

B. The length of the pectoral fin in the mature fish more than 

or equal to one-half the distance between the roots of the 
pectoral and ventral fins. 

1. The height of the body one-fifth or one-sixth of the 
total length ; the height of the dorsal fin three-fifths 
or one-half of the entire length of the head. Lateral 
line formed of from 195 to 200 scales. 8, alpinus, 

2. The height of the body one-fifth of the total length ; 
the height of the dorsal fins equal the length of the 
head without snout. 190 scales in the lateral line. 
The gill cover not overlapping the root of the pec- 
toral. 8, nivalis, 

3. The height of the body one-fifth or one-sixth of the 
total length ; the height of the dorsal fin two-thirds 
of the lengUi of the liead. 170 scales in the lateral 
line. The gill cover overlapping the root of the 
pectoral. 8. Perisii, 

4. The height of the body one-fourth of the total 
length ; the height of the dorsal fin equals the length 
of the head without the snout 165 scales in the 
lateral line. The gill cover not overlapping the root 
of the pectoraL a! WiUughbii. 

II. Lower jaw very feeble ; teeth minute. 

1. The pectoral extending to or beyond the origin of 
the dorsal fin. 8, Orayi. 

2. The pectoral terminating at a considerable distance 
from the origin of the dorsal fin. 8, Colii, 

Of the Salmons proper. Dr. Gunther recognises 11 Bzitiah 
species, viz. : — 

a. Migratory species. 

8. scUar, True Salmon of British rivers. 
8, eamlmcus, ** Sewin " of South Wales. 
8, inUta, Sea Trout of Scotland. 

b, Non-migiatoiy speciea 

8, farioy England. 

8, Oaimardt, Scotland and North-West England. 

8, nigripinnisj mountain lochs of Scotland and Wales. 

8. leveneims, Loch Leven, Scotland. 

8, ferox. Great Lake Trout of Scotland and Wales. 

8, orcaaensis, Lakes of Orkneys. 

8. brachypomci, Frith of Forth. 

8, stomachicuSf Ireland. 

In 1865 another Scotch species was described under the ap- 
pellation of 8, KUlinensis, It was obtained from Loch Eillin, 
Invemes-shire, and by its character seems to belong to the Irish 
group. Its lower iaw is feeble, and its teeth very small ; but it 
IS most distinctively marked by the great length of its pectoral 
fins. 
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SANDSTONE. This is one of the commonest of the frag- 
mental rocks, and may be examined from many points of view. 
Thus we may regard it simply as a rock, and subject it to various 
physical tests in order to ascertain what is its specific gravity, 
Its hardness, its power of resisting a crushing or a tensile stram 
applied in different directions, its solubility in different men- 
strua, such as cold and hot water, carbonated waters, spring 
waters, etc., its power of absorbing and retaining moisture m air 
or in vacua, its porousness to gases and water, and various other 
properties. We may analyze it for the purpose of determining 
of what substances it is composed, their relative proportions, and 
the influence which such circumstances may have had in origi- 
nating the physical properties. We may regard it as a geological 
stratum, and search out the area over which it is spread ; its 
varying thicknesses over such area, distinguishing those varia- 
tions which were original from those which have been since 
formed by the partial removal of the rock ; the proportion which 
it bears to other rocks of the same period ; tne modifications 
which occur in its physical and chemical composition according 
to locality, discriminatmg between such as were original and those 
which have arisen from subsequent alteration, and the causes 
which have brought about the alteration. We may examine it 
with a view to settling its approximate age by observing its 
position with respect to other strata, and the nature of its organic 
remains as compared with those found in other parts of 
the geological column. And we may regard it as revealing 
facts as to the past physical geography, such as the fluctuating 
height of the land, the direction of oceanic and fluviatile 
currents, the occurrence of rain, ripple marks, and many other 
matters. 

A thorough comparative examination of sandstones necessarily 
involves an immense amount of research, and a systematic treat- 
ment of them would require a large volume. In this place, 
then, we can only refer to a few facts : no absolute definition can 
be given of a sandstone since its composition and structure is so 
various, and since it merges imperceptibly into many other kinds 
of rock, such as sand, conglomerate, grit, ouaxtzite, shale, 
marls, clays, limestones, granite, gneiss, serpentme, and others. 
Cottars definition is *' small grains of some minersd, usually of 
quartz, cemented together by some mineral substance," which 
seems to embrace far too mucn, since he himself calls a rock, in 
which the grains are fragments of shell, and the cementing 
material carbonate of lime, a sandstone. If this is a sandstone 
so is granite and a host of other rocks to which the name would 
certainly be refused. Strictly, and hypercritically, speaking, it 
is difficult to say what is a small grain, so as to distinguish a sand- 
stone fipom a quartz rock, or any of the aphanitic rocks, for these 
are composed of grains, which, however, require a microscope to be 
detected And if it be said that the grams in these are crystal- 
line, the difficulty is not removed, for many undoubted sand- 
stones are more or less crystallme. If we modify the definition 
by replacing the phrase ' small grains * by ' grains visible to the 
eye,' the definition is still sufficiently vague and elastic. Dana's 
definition is also as wide, f pr he calls sand comminuted rock of 
any kind, and sandstone he terms ^glutinated sand. Haughton's 
definition is more satisfactory. Eie calls all rocks composed of 
quartz, or of quartz plus something else, sandstones. This takes 
in quartzite, conglomerates, and breccias, which are excluded by 
Cotta. Haughton implies that the grains are visible, since he 
says a quartz rock differs from a sandstone in being so meta- 
morphosed as to have become an uniform and compact whole. 
But he refers to some sandstones so fine grained that a lens is 
required to see the granules. Hence the question is suggested, 
how small may be the grain, and what amount of metamorphism 
may a sandstone have undeigone without ceasing to be such ? 
Haughton's definition excludes rocks in which granular opal 
takes the place of quartz. 

Most, if not all, sandstones are metamorphic rocks ; that is to 
say, all have undergone more or less change since their deposition. 
Some authors, however, restrict the term metamorphism to the 
great changes; but in such case we reauire to know what amount of 
change they consider to be embraced oy the term. In what way has 
the cdteration been effected ? This is a question which has GBiWed 
forth much discussion ; some persons consider the main agent to 
have been intense heat, others attribute most of the chaime to 
water ; while others consider both water and heat to have oeen 
effective in producing the result. The circumstance that there is 
so much contrariety of opinion and dubiety, clearly manifests 
that little is known about the matter. It is aifficnlt to write on 
the subject without being unduly biassed one way or the other ; 
but, as it seems to us, aqueous solutions have effected the major 



part of the change, while heat, such as is conveyed by plutonic 
and volcanic rocKs, have done far less. Heated rocks are qf local 
development, both in time and space, and if they were the main 
agents we should expect the metamorphism to be most intense, 
and principally developed, in their neighbourhood. In the case of 
sandstones, it is rather the other way, for the alteration has been 
greatest, and is displayed more ho'gely in areas distant from 
igneous rocks. Water, we know, is everywhere distributed in 
rocks, and water, or rather aqueous solutions, unquestionably 
have some alterative effect upon sandstones. In such case we 
ought to ascertain what such solutions can do, and then draw 
conclusions as to what change they may have done, and the sup- 

Sort which the known facts give to the inference that they have 
one it The same mode of inquiry should be applied to igneous 
rocks, and finally, the relative conclusions balanced for each 
particular case. 

Among the most important changes which sandstones have 
undeigone are crystallization, increased induration and cementa- 
tion, and modification in the proportion and arrangement of the 
mineral constituents. It is unquestionable that quartz crystals 
have been formed from aqueous solutions, and there is little 
doubt that the sandstones which are composed to a greater or less 
extent of crystals have acquired such structure imder the influ- 
ence of the solutions which have percolated through them. The 
sandstones which possess this structure are not usually associated 
with eruptive rocKS, and when they are, it is not clear that the 
heat of such rocks has hod any share in the action. The Potsdam 
sandstone, the Vosgien sandstone, the quader-sandstone, some 
tertiary sandstones, some of the Cambrian and carboniferous 
grits are examples, and many others might be given. Induration 
and cementation frequently proceed together. Some of the 
simplest examples are afforded by the consolidation of sand into 
sandstones. Thus in the drift of Coddenham, Suffolk, is a band 
of hard blocks, which there is little reason to doubt have been 
formed from the sand itself by the action of carbonated waters 
holding lime, silica, and iron in solution. These blocks are used 
for building purposes, and many of them are as crystalline and 
as compact as some of the harder sandstones and grits of the 
palseozoic strata. It is probable that many of the * grey wethers* 
and hard blocks in the sand of other districts have been formed 
in a similar way from materials in sitiu In some parts of 
California are some curious cases of sandstones formed from sand 
in situ. Thus in Lone Tree Canon cretaceous shales have been 
fissured, and the fissures have been filled with sand which has 
since become so indurated and cemented that it resists denuding 
agents far better than the shale. The result is that it stands out 
in projectii^ walls, which have a strong resemblance to dykes. 
Instances abound to prove that quartz grains can be so softened 
by percolating solutions, that they indent one another by pres- 
sure, and that the silica is soluble. If the silica be taken up in 
one place and redeposited a little farther on, the crystalline ap- 
pearance of sandstones wotdd be a natural result. In the blocks 
of Suffolk, and in the grey wethers the cementing medium is 
chiefly silicate of lime ana alumina; but in many sandstones 
silica only binds the particles together. Silication is one of the 
most common forms of metamorphism, and this we believe is 
intimately associated with the great abundance of quartz veins. 
Silication, cementation, crystamzation, and induration, are fre- 
quently met with in sandstones at their junction with granite 
and other plutonic rocks ; but there are many cases in which 
no appreciaole amount of alteration can be assi^ed to the con- 
tigmty of such rocks, even when the sandstones nave been lifted 
up by them. Those who hold that metamorphism is due to heat 
find this a difficulty, and evade it by suggesting that the granite 
or other plutonic rock has been erupted when cold. Thus, Pro- 
fessor Rogers, in describing the condition of the Potsdam sand- 
stone in Pennsylvania, remarks that it is most metamorphosed 
near Willowgrove, wnere it still retains its bedded structure, 
although it has more resemblance to a quartzose felspathic gneiss 
than a fine-grained sandstone. It is decidedly crystalline, but 
the felspar is not so insulated from the quartz as in typical gneiss 
or gramte. It appeared to him that it hod imdergone just that 
degree of semifusion requisite to develop an imperfect felspar, 
but insufficient to melt the siliceous sand diffus^ through the 
rock. He specially draws attention to the fact that it is in contact 
with very few tiappean or granitic rocks of any kind, and ob- 
serves, that like many other instances of metamorphism on a large 
scale, it seems rather to have been produced by general or diffused 
heat, most probably by the action of heated volcanic gases and 
vapour ascending through the joints and crevices of the rock. 
These remarks by Professor Rogers are the more significant if it 
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be borne in mind that he attributes all metamorphism to heat, 
and, so far as we can gather, he never admits the efficient action 
of water. 

A cross reference has been made from Freestone, E. C, to this 
article, so that we would just mention that those sandstones 
which can be worked as easily^ in one direction as in another, 
are called freestones; but this term is also applied to other 
rocks which present the same homogeneousness oi texture. 

SARCODE. A term applied by Diyardin to designate the 
soft parts of the Anicehoy Actinopkrys, Poramini/era, Infusoria, 
and other animals in which we can with difficulty trace the 
simplest rudiments of organs. Since his time it has been ascer- 
tained that this sarcode is much more nearly allied to the mucous 
membrane of the vertebrated animals than to the flesh [Spon- 
QiADiE, E. C. S.], and that amongst the lower classes of animals it 
possesses sufficient differences in physical and chemical properties 
to warrant the belief that at least two, probably several, distinct 
substances have been confounded together. This seems to have 
been recognized by Dr. Bowerbank and Mr. Carter. Dr. Bower- 
bank has proposed to call the firmer portion of Amosba, the 
ectosarcj ana the less consistent the endosarc, and has pointed out 
their difference of behaviour when subjected to chemical reagents. 
[Amoeba, E. C. S.] Mr. Carter makes a similar division, but 
employs different names ; thus his diaphane answers to the 
ectosarc, and his sarcode to the endosarc. The hardened surfeu^ 
of the ectosarc he calls pellicula. 

According to Dr. Bowerbank, sarcode, or a substance identical 
with it, although passing under another name, is present in 
all the members of the animal kingdom from the highest to the 
lowest. The same characters are presented by it as by the 
mucous membrane lining the intestines of the sea-anemones, the 
starfishes, and the mouse. " Thus, if we trace this substance up- 
ward from Actinophrys Sol to man, through the Spongiadce, and 
all the other gradations of animal existence, it is always found to 
be present and always intimately connected with the digestive 
process. Especial organs for respiration, nerves for sensation, 
muscles for motion, — all these may apparently be dispensed with 
in turn, and yet the animal will perform its accustomed func- 
tions ; but tnis substance, as mucous lining of intestine or sar- 
code, as I have before observed, appears never to be absent It 
even seems to acquire a greater importance in the animal 
economy as we descend in the scale of oeings, until the animal 
in AnuAa and Actinophrys becomes entirely composed of it. . . 
It thus appears to be the most constant and perhaps the most 
important attribute of animal life. In its most isolated form, it 
apparently supersedes every other organ in the animaL In Amceba 
it appears to exist in its simplest and most isolated condition ; it 
moves by its contractile power and absorbs nutriment. In Ac- 
tinophrys it adds another function to its list of capabilities, that 
of nirowing out pseudo-tentaculee, by which it entangles and 
conveys its prey to its surface. In tne foraminated animals it 
develops further powers : it secretes a chambered shell for the 
protection of its surface, and throws out pseudojodia by which it 
moves over comparatively a considerable space m a short period, 
and anchors itself at its pleasure in any position or locality it 
may choose to remain in. As we proceed higher in the scale of 
creation, its functions become more limited, but in the act of 
digestion it always appears to take a most important parf 

(Bowerbank, Monograph of the British Spongiadre, vol. L 1864.) 

SCELIDOSAURUS, a genus of Dinosaurian reptiles. Under 
Hadrosaurus, E. C. S., a notice is given of a strange form which 
is conjectured to have been a lana-frequenting, browsing, and 
jumping reptile, having many remarkable pecimarities of struc- 
ture. Unaer the present heading will be noticed a form of 
an analogous kind, which like Hmrosaurus, had, in all proba- 
bility, a more specialized organization than the crocodiles or any 
reptiles of the present day. This is a noteworthy fact, for Scelv- 
dosaurus is a very antique reptile, far older than the Hadrosaurus 
of America or the lauanodon of England, its remains having been 
found in the lower lias of Dorsetshire, and in the Rhsstic beds of 
tlie west of England. The femur of Scdidosaurus ffarrisonii 
had a deeply cleft proximal end : rough surfaces, tuberosities, 
and ridges on the shaft more marked than in most of the cre- 
taceous dinosaurs ; and a compact thick wall to the medullary 
cavity ; characters which indicate an extraordinarily high deve- 
lopment of the muscular force in the hind limbs of this creature. 
The tibia and fibula also have ridges for the attachment of 
muscles. These various bones indicate a leg of more slender 
proportions than that of Iguanod<m and its contemporary allies. 
From what we know of the more recent dinosaurs, and from 
what has been discovered respecting Scelidosauruu, it seems highly 



probable that S. Harrisonii habitually frequented the land ; and 
the enormous development of the hind legs evidently had a 
relation to their vigorous employment. Did it jump or walk on 
its hind legs 1 Facts lend some support to the views that it did 
either one or the other, and that such a mode of progression was 
a usual feature amoncst the oldest terrestrial reptiles of highest 
development. If sucn views wei-e confirmed it would be requi- 
site to reconsider the evidence upon which the footprints on the 
sandstones of Connecticut have been supposed to be avian, 
since Scelidosaurus was capable of making lootprints of a very 
similar character, and this genus, be it remarked, is nearly, if not 
quite, as old as the footprints. Although evidently adapted for 
terrestrial life, *S». Hamsonii seems to have frequented the sea 
occasionally. This is apparently shown by the occurrence in the 
lias clay of the various bones forming the knee joint in their true 
relative positions. "When the leg was buried the ligaments had 
not been sufficiently decomposed to allow of the displacement of 
the bones. In the same clay the bones of a young incUvidual were 
discovered. The most important specimen known of this genus ia 
the nearly complete skull from the lower lias near Charmouth, 
which is fully described by Professor Owen. In some features 
it approaches nearest the crocodile, in others to HyUeosauruSy and 
in others to the lizard. The dentition resembles the iguanodon 
type, but Professor Owen is undecided whether it was correlated 
with herbivorous or carnivorous habits. The facts of the case 
are these : " The teeth are small, or of lacertian proportions to 
the jaws ; they are munerous and close set, implanted in sockets 
forming an uninterrupted series along the alveolar border. The 
fang ia simple, and lon^r than the crown, presenting a full 
ellipse in transverse section, and projecting a little beyond the 
socKet. In the upper jaw the crown begins by bulging outward, 
with a smooth convexity, subsiding as it gradually expands, and 
dividing to be continued along the middle and the mai^n, with 
intervening concavities, producing an undulated surface across 
the broadest part of the crown. The marginal convexities or ridges 
terminate each in a point at the broadest part of the crown ; 
whence the plate-shaped tooth, having thinned off to an edge, 
this is divided on each side into five or six small points ; these 
denticulate mai^ins converge straight, at an angle rather less 
than a right one, to the apex of the tooth, which is formed by 
the pointed termination of the median convexity. The crown 
is coated by a polished enamel, of jet blackness in the fossil, 
smooth under the lens upon the convexities, finely punctate in 
the hollows of the expanded part of the crown. The whole 
tooth in the upper jaw is veiy slishtly bent backward with as 
slight an oblique twist, making tne ninder angle overlap the 
front angle of tne crown of the tooth behind. The inner surface 
of four of the hind teeth of the right ramus of the jaw shows a 
crown with a large proportion of me serrated part, and with the 
borders less equal, the anterior one showing as many as nine 
points, and the expanded coronal surface is uniformly and gently 
convex. On the left side, in an extent of the alveolar border of 
the upper jaw measuring 4 inches^ there are 19 sockets, and only 
one tooth missing. On the right side, in an extent of 3^ inches, 
there are 16 sockets, and 3 teeth missing. The fractured part of 
' the jaw yields evidence of the usual reptilian provision for suc- 
cessional teeth in reserve alveoli, containing tooth germs, at the 
inner side of the base of the teeth in place. The teeth gradually 
increase in size from the hindmost to the fifth in advance, and 
then gradually decrease in size to the fractured forepart of the 
jaw. Were the serrated borders of the terminal half of tlie 
crown to be worn down, the teeth of the Scelidosaurus would be 
like those referred to Hykeosaurus in my monograph of 1856. 
There is no evidence, however, that any of them have been so 
worn down ; in this respect they resemble more the teeth of 
Echinodon, the upper teeth in Scelidosaurus differing chiefly in 
the proportions of length to breadth of the crown. Whether the 
anterior teeth had the simple laniariform character at the fore- 
part of the jaws in Scelidosaurus, as in Echinodon, remains to be 
proved. Tne finely and sharply serrated and pointed teeth of 
the Scelidosaurus glided upon each other, the upper on the 
outer side of the under, like the blade-shftped crowns of the 
camassials of feline mammals ; and yet the similarity of the 
teeth, in their number and uniformly small size, to those of the 
modem iguanas, suggests that they may have been put to like 
uses. The compressed serrate crowns in those herbivorous lizards 
worked obliquely upon each other, in a similar scissor-blade 
way. In Iguanodon the dentition is obviously modified more 
decidedly for mastication of vegetable substaiices. In Sceli- 
dosaurus it is adapted for division of such substances, but it 
would be equally effective in piercing and cutting or tearing 
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through animal textures. If this dinosaur occasionally went to 
sea in quest of food, it may be expected to present in the fore- 
part of the jaws, wanting in the present specimen, laniaxiform 
teeth, as in Eminodon, lor the prehension and retention of 
living prey. Should these prove to be absent, and the dental 
series to begin as it ends, it will incline the balance of proba- 
bility to the phytophagous nature of the liassic ScelidosaurusJ* 

(Owen, Bntish Fossil R&ptilia frcm the OoliUe Formations; 
Palceontographical Societi/'s Morwgraphs,) 

SCHORLOMITE is a dark bluish or black mineral, having a 
vitreous lustre and a conchoidal fracture, characters which give 
it a resemblance to schorl, whence its name. The specific gravity 
of the various specimens observed has ranged from Z'74 to 3*86, 
and the hardness is about 7. The chemical composition has been 
ascertained by several chemists, but that which approaches most 
closely to that of the mineral in a theoretically pure condition is 
Whitney's, as given below. The specimens were brought from 
Arkansas^ 

Silica 2"rG6 

Titanic acid 22 lO 

Ferric oxide 21-68 

lime 29-78 

It is associated with elaeolite and brookite in the Ozark Moun- 
tains, Arkansas, and is also found at Kaiserstuhl. A mineral 
which differs little from schorlomite has been discovered at 
Ivaara, Finland, and has been described by Nordenskiold imder 
the name Ivaarite. It is somewhat lighter than schorlomite, 
and the proportion of silica is rather less. 

(Dana, A System of Mineralogyj 5th ed.) 

SCOLYMUS, a genus of plants belonging to the Cichoracecey 
and the only one of that group which possesses a resemblance to 
thistles. Tne leaves have spiny points, and the flowers are of 
a rich safifron colour. The species inhabit the countries sur- 
rounding the Mediterranean sea. 

SCOMBRIDiE FE. C. vol. iv. cols. 725, 726]. As formerly 
understood and denned, this family comprised a great number of 
genera and species which presented amongst themselves much 
variety of form and structure. Of late years it has been con- 
sidered best to divide the old family into several smaller 
families. Amongst the most recent definitions of the restricted 
group is that given bv Dr. Qunther, which is thus worded by 
him : — " Body generally elongate, compressed, naked, or covered 
¥rith scales of small or moderate size ; eye lateral. Dentition 
variable. The infraorbital bones do not articulate with the 
prsBoperculum. The spinous dorsal less developed than the soft, 
or than the anal, either continuous with or separate from the soft 
portion, sometimes entirely absent. The soft dorsal and the 
anal sometimes cUvided posteriorly into finlets. Ventral tho- 
racic (jugular in Pteraclis and Hyptiptera), sometimes rudimen- 
tary, or entirely absent. No promment papilli near the vent. 
Gill opening wide, generally seven branchiostegals, pseudo- 
branchiss (absent in (^yryphcena), and an air-bladder (absent in 
Elacate, Echeneis, Stromateus, and Ooryphcena) ; pyloric ap- 

. ,T ^ (10)10-fa;„ 
pendages generally in great number. YertebrsB, 14 4. y * 

He subdivides the family into five minor groups, named respec- 
tively Scomhrina, Nomeina, C^ttina, Stromateina, and CoTy- 
phcenina. The firat group comprises nine genera, viz., Sccmher, 
TkynnuSf Pelamys, Auods, Oyhium, Naucrates, Elacate, Echeneia^ 
Hypaiptera, The second group, Nomeina^ embraces the six 
genera, Oasterochiama, Nomeus, Cvbiceps, Neptomenus, Platystethus, 
IHtrema, Cyttina comj^rises the genera Zew, Ci/ttus, and 
Oreosoma. Stromateina mcludes Stromateiu and Centrohphus. 
Coryphtenina is formed by the genera Cort/phcena, Brama, Taractes, 
Pteraclis, Sehedophilus, Diana, Atuonia, Mene, and Lampris, 

The mackerel family has representatives in almost eveiy 
sea, and a fair proportion of the species are met with on the 
British coasts. In the sequel we shall mainly confine our 
remarks to the British species. The best known and the most 
useful to man as an artiae of food is the common mackereL It 
is a remarkably active and powerful swimmer. It ranges over a 
wide oceanic area, frequentmg both sides of the North Atlantic 
in the middle latitudes. On the European side the most southern 
point is the Cahary islands. It is constantly moving about from 
place to place, but at particular seasons of the year the shoals 
migrate from the deeper to the shallow water for the purposes of 
reproduction and deposition of ova. On the west coast of Eng- 
land the movement on shore commences early in the year, some- 
times in February ; but the general movem^ does not usually 



take place before March. Frequently the first comers are for the 
most part males. The weather has little or no influence in 
regulating the time of these periodical movements, but it does 
cause the fish to swim higher or lower in the water. From this 
latter circumstance not having been taken into account, it has 
doubtless frequentlv happened that shoals have passed a portion 
of the coast line without having been perceived. There is no 
foundation for the supposition that the mackerel issue in great 
swarms from the north and invade the shores of the south. 
They are generally distributed, and their journeys are only 
local. In accordance with this, it is found that the individuals 
vary slightly according to locality. In the Baltic and off Sweden 
the species is not common, and the individuals are usually 
smalL In some parts of the Mediterranean the individuals are 
small and diy ; while at Nice they are far superior in size and 
flavour. The British mackerel, more especially that of the west 
coast, is believed to excel all others. 

Scomber colia^. Like the common mackerel, this species 
ranges from the Mediterranean, and along both the European 
and American shores of the Atlantic It is, however, rare on 
the south coasts of Britain, and seems to be less frequentlv met 
with on them now than formerly. Within the memory of some 
old fishermen specimens were notunfrequent, but for some yeara 
past they have oecome rare. 

Scomber punctatus. This is a third, and very rare species. 
Only one specimen seems to have been obtained ; it was caught 
in a sean, at Looe, in Cornwall, July, 1848. 

S. scriptus is a species described by Mr. Couch, of which a few 
individuals only have been caught off the Cornish coast. 

Besides the above, there are about ten exotic species. 8, 
pneuTnatophorus seems to carry on the distribution of the genus 
from the southern borders of the range of the common mackereL 
It occurs in the Mediterranean, and. on both sides of the At- 
lantic. It ranges as far south as the Cape of Good Hope. One 
species lives in the Red Sea ; a few in the seas bounding the 
south coasts of Asia as far east as China ; and one is common to 
the seas of Amboyna and Australia. 

Thynnus pelamys. The Bonito, which chiefly abounds in the 
wanner parts of the Atlantic and Indian oceans, occasionally 
waiiders to the British Isles. Specimens have been captured 
off Scotland, Ireland, and west coast of England. 

T. akUonga. The long-finned tunny, or Germon, as Mr. Couch 
calls it, is another species which, chiefly frequenting more 
souUiem seas, appears occasionally on ^British shores. Mr. 
Couch records three examples : two were taken in Mount's Bay, 
Cornwall, and the third off Portland. The other species of 
Thynnus are exotic, but have a similar range to Scomber, although 
probably not quite so extensive. They frequent the Atlantic, 
and the oceans off the south coast of Asia. 

Pelamys Sarda. This is a very powerful swimmer, and pos- 
sesses active predatory habits. It occiuns in the Mediterranean, 
on both sides of the Atlantic, and ranges as far south as the 
Cape of Good Hope. Its occurrence so far north as Britain has 
been rarely recorded, but one individual has been taken as far 
north as Montrose. It is remarkable for its high animal heat, 
which sometimes exceeds that of the water by 10° or 12° The 
exotic species dwell in the Red Sea. the Mediterranean, and the 
Sea of «fapan. One B|>ecies is founa in the Pacific 

The only other British q>ecies of this family not mentioned in 
the E. C. is Centrohphus Britannicus, which was first found off 
Cornwall in February, 1859. 

The range of the family is nearly the same as that of the 
principal genus, Scomber, that is, from the North Atlantic on the 
north-west to Australia on the south-east Only two or three 
species range into the Pacific Ocean, as, for instance, Thynnm 
padicus, Pelamys chilenais, and Echcneis lineaUi, 

(Giinther, Catalogue of the Acanthcpterygian Fishes in the 
British Museum Collection, voL ii. ; (Joucn^ A History of the 
Fishes of the British Isles, voL il) 

SIGILLARIA [E. C, voL iv. coL 7661. Comparatively little 
pc^itive knowledge has been acquired ot late yeara respecting 
mis genus, so that palsBophytologists cannot confidentially assert 
what its minute structure^ general appearance, and afi&nitieB are. 
The natural consequence is that one cannot rely on the species 
assigned to the genus really belonging to it, nor that the cur- 
rent propositions for referring certain fragmentary parts, such as 
leaves, seeds or spore cases, roots, &c., are trustworthy. Hence 
we ought to regard the species of SiffUlaria, and various genera 
supposed to be connected with it, as provisional terms. There is 
no question that Siigma/ria is founded upon the roots of Sigil- 
lafia, since the connection between the two forms has been seen 
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and described by Messrs. Binney, Dawson, and several other 
observers. In Siigmaria there is a central vascular column 
surrounded by a cvlinder of scalariform vessels, the whole being 
enveloped in a thick layer having some resemblance to bark. 
The outer surface of the cortical laver is marked with numerous 
pits from which long cellular rootlets proceeded. According to 
Carruthers, no medullary rays are developed in the central axis. 
According to Brongniart, whose description of the stem structure 
of Sigillaria is the best, there is a central cellular axis, a sur- 
rounding vasctdar cylinder, and an investing thick cdlular cor- 
tical laver; he also states that the vascular cylinder is traversed 
by meaullary rays. This last observation is said to be erroneous 
by Carruthers, who endeavours to show that Brongniart mis- 
took a series of cracks for medullary rays. Dawson also is of 
opinion that medullary rays exist. The presence or absence of 
tnese rays is of importance in assisting us to determine the affini- 
ties of tne genus. Dawson regards it as belonging to the gym- 
nospermous phaenogams, while Carruthers ranks it amongst the 
cryptogams along with Lepidodendron, 

It is curious to notice the bias which the above views have 
given to the conclusions of the observers last named respecting 
the relationship of the fruits found in the coal measures. Daw- 
son admits that he has never found any reproductive organs 
attached to a Sigillaria; but he observes that Sigillaria is the 
most abundant plant in the carboniferous period, while the fruits 
named Trigonocarpmn and RhoMocarpus are also various in 
structure, and exceedingly abundant. The structure of the 
fruits indicates a phsenogamous plant. The only nlants which 
answer the conditions are conifers, Sigillaria^ and Ucuamodmdron. 
The first are not abundant enough ; and the last genus is very 
closely allied to Sigillaria. If then, he adds, these fruits were 
not produced by SigiHaria they were formed by species which 
were very abimdant in the living condition, but very rare as 
fossils. 

Mr. Carruthers arrives at a dififerent conclusion ; but neither he 
nor, so flELr as we know, any one else has ever seen the attached 
reproductive organs of Sigillaria, It has been observed that 
some beds are almost wholly composed of Sigillaria, StigTnaria, 
and cones containing spores ; and that similar cones are exceed- 
ingly numerous in afl SigHlarior^ontsdniDg strata. The inference 
is that in sJl probability the abundant cryptogamous trunks and 
roots are intimately connected with the abundant cryptogamous 
spore cases. These spore cases have been placed in such genera as 
FUmingites, They are unquestionably cr3rptogamous organs of 
fructification, and have some resemblance to those borne oy the 
Lycoppdium of the present day. The abundance of these bodies 
is something almost inconceivable. Many coals, more especially 
those which are most bituminous, are largely composed oi them ; 
indeed, some cases are shown in which beds from a few inches to 
several feet in thickness are entirely formed of sporangia. These 
spore cases appear in the coal as little minute coins, sometimes 
having their edges exposed, and sometimes lying flat so as to 
look fike discs. These discs had long been observed in coal, 
but it was not until about thirty years ago that their true nature 
was known, when Professor Morris described them as the spore 
cases of cryptogams. This fact seems to have been forgotten 
until a short time since a large fragment of a cone was found in 
which the sporangia retain^ the natural position. Then it 
began to dawn upon the mind that when these coal-beds were 
forming, the land was covered with vast forests of cryptoga- 
mous trees, which during the fruiting season were loadea with 
cones, each of which was made up of hundreds of leaves, each leaf 
supported from 30 to 50 spore cases, and each spore case was 
filled with a Lycopodium-hke powder formed oi thousands of 
spores. Such is the multitude of the sporangia that probably* 
they were discharged in immense showers, l&e those formed 
when the vast pine forests of Scotland and Norway shed their 
pollen. 

The evidence is indecisive, so that until more positive testi- 
mony is forthcoming, some ootanists will maintain Sigillaria to 
be cryptogamous and others dicotyledonous. Dawson recog- 
nizes considerable differences amongst the Sigilla/ria, and proposes 
to divide the 21 Nova Scotian species into 6 provisional genera, 
which he names, J^ViintZana, Sternberg ; RhytidolepiSf Sternberg ; 
Sigillaria, Brongniart; (Jlathraria, Brongniart; Leiodermay 
Qoldenberg ; and Syringodendron^ Sternberg. 

(Dawson, Q. J. GeoL Soc, xxii. p. 95 et seq, ; Carruthers, Q, J, 
GeoL Soc, XXV. pp. 248 — 254 ; Huxley, Scentific Opinion, iii. 
pp. 4—6 ; Carruthers, GeoL Mag, ii. p. 433 ; vi. p. 299.) 

SILICA, a compoimd of oxvgen and silicon in the proportion 
of 53*3 per cent, by weight oi the former, and of 46*7 per cent 



by weight of the latter element. This statement is admitted to 
be correct by all chemists, whatever may be their views as to the 
chemical formula which ought to be assigned to this substance ; 
and, so far as weight is concerned, it agrees with the proportion 
given in Silica, jE. C, vol. iv. col. 768, where, however, 20 is 
a misprint for 21 ; but it differs from that given under Quartz, 
E. C, voL iv. coL 516, which is wrong. The element silicon has not 
yet been found in the native state, but several modifications of it 
are known, each of which has its own distinctive properties, or, 
rather, distinctive intensities of properties. The account given 
imder Silica, E. C, vol. iv. col. 767, is scarcely correct, since it will 
not apply to all the modifications of silicon, and since all the state- 
ments are not applicable to any one modification. A second ac- 
count is given under Silica, E. C, A. and Sci. Div., vol. viii. coL 
567, and as this is not only correct, but supplies what is wanting 
in that just referred to, we (juote it here. " Silicon, like carbon and 
boron, exists in three modifications. As above prepared it is a 
dull brown powder ; is soluble in, and heavier tnan, water ; is a 
non-conductor of electricity ; is soluble in hydrofluoric acid, and 
in a warm solution of potash ; bums readily and brilliantly when 
heated in the air, and is, moreover, amorphous (Si 7). If the 
amorphous silicon be strongly heated, it becomes semi-crystalline, 
or gra^itoidcU (Si $) ; is denser and darker in colour, does not 
bum in oxygen, is not soluble in hydrofluoric acid, and is a 
conductor of electricity. Crystalline silicon (Si o) occurs in the 
form of six-sided prisms or pyramids, whenever the process for 
its preparation has included tne application of the most intense 
heat of a wind furnace.*' The reader will notice the gradation 
in properties according to the density of the varieties, m which 
respect there is much analogy between silicon and carbon. The 
passage quoted gives the idea that the density is increased by the 
application of heat only ; but it is probable that, as in the case 
01 carbon, the increase in dcnsitv is really due to increase in 
pressure, and that heat is simply the means by which the 
pressure is applied. For further remarks bearing upon this 
point, see Carbon, E. C. S. 

In Silica, E. C, the compound so named is said to consist of 
3 parts of oxygen and 1 of sihcon ; this corresponds to the formula 
SiOs, which has been long adopted by most chemists ; but of 
late years the formula SiO, has been extensively employed. 
The oiflference depends, not upon the quantity of silicon and oxy- 
gen contained in silica, but upon the value which should be 
assigned to the combining proportions of these two elements 
relatively to all the others. In the formula SiO, the smallest 
combining proportion of silicon is supposed to be 21, and of oxygen 
8, that of hydrogen being 1 ; but in the formula SiOg, the com- 
bining proportion of silicon is valued at 28, and of oxygen 16, 
that of hydrogen still remaining imity. In SiO ^ the relative 
weights of the two elements are as 21 to 24 ; and in SiO, they 
are as 28 to 32. The proportion is the same, but the values of 
the terms are different. There are many reasons why 28 ik 
preferable to 21 as the atomic weijjht of silicon ; but as this sub- 
ject belongs to pure chemistry, it would be out of place to 
discuss it here. 

Silica is as important an element in the inorganic world as 
carbon is in the organic. Silica appears to be the active mineral- 
ising agent in all the depths of the earth, while carbonic acid is 
most active at and near the surface. Silica is most stable and 
inert when in its densest condition, acquiring activity only when 
it has been somewhat rarified, as by the action of heat or 
water. Carbonic acid, on the other hand, is inert when in its 
normally most expanded state, becoming active only when it has 
been condensed by solution in water. The two acids are in 
many respects the antitheses of each other, inasmuch as the same 
agent frequently produces opposite effects upon them. Thus, for 
instance, the application of neat weakens the chemical af&nity of 
carbonic acid, and it is generally easily separated from its com- 
pounds by tnis means ; while the same mcrease of heat tends 
rather to strengthen the chemical afinity of silicic acid. 

Silica is common almost everywhere, and is the most abundant 
of known compounds. It enters into the composition of all but 
one of the groups of rocks, the exception being the limestone 
group ; but even in this it frequently occurs in considerable 
quantities as an accessory ingreaient. On the average, it may 
be estimated that silica forms one-half the weight of all the 
rocks kQown, and it is probable it forms a still larger proportion 
of the imknown ones which lie beneath them. Some rocks 
consist of nothing but silica, such as the quartzites, the purer 
sandstones, and some sands ; others contain about 75 per cent., 
such as granite, gneis& and other deeply-seated rocks ; others 
about 65 per cent, such as mica and other schists, which gene- 
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Tally overlie granite, and the older igneous or volcanic rocks, 
Bucn as some of the porphyries, traps, &c. ; others, again, 
contain about 50 per cent., such as the more recent volcanic 
rocks. So generally present is it, that several of the classifica- 
tions of rocks are based upon their basic or acidic character, the 
basic including those which are poor in silica, but rich in bases, 
while the acidic includes those wnich are poor in bases but rich 
in silica. The question why some rocks are acidic and others 
basic is one which has called forth a large amount of discussion, 
but litholo^sta are far from being agreed as to what is the correct 
answer, although it is one of the most important questions which 
has yet been suggested by lithological inquirers. It is one 
which cannot be considered here, but as the nature of the answer 
largely depends upon the extent of our knowledge of the history, 
properties, and changes of silica, a passing allusion to it must 
suffice. 

There are several varieties of native silica, which differ in their 
physical properties ; but the most common are those which pre- 
sent the highest degree of hardness, insolubility, infusibility, and 
stability, and in these respects they exceed most minerals. Hence 
it happens that when a group of rocks are exposed under some- 
what similar conditions to the same natural destructive or rather 
disintegrating agents, the more highly silicated rocks are the 
least affected. Thus, where extensive denudation has occurred, 
the hills and mountains are formed of a more highly silicatea 
material than that which constitutes the bottoms of the valleys. 
Again, sands, shingles, and all the other accumulations of matter 
which has undeigone the largest amount of transport and End- 
ing, are almost exclusively of a highly siliceous nature. Sihceous 
deposits are most abundant along those shore lines where the 
waves are most violent ; and they are also more abundant in the 
elevations than in the depressions. These facts are intimately 
connected with another, viz., that in the majority of cases in 
which mountain masses are composed of unquestionably sedimen- 
tary strata, the geologist discovera that tney occupy the area 
upon which the coast lines of the older periods of the world were 
most persistent. Examples of this are afforded by the Welsh 
mountains in Great Britain, and the Appalachian range in North 
America, Possibly the same kind of generalization will apply to 
the mountains formed of granite and other highly silicated rocks, 
in which stratification is scarcely, if at all, perceptible, when we 
know more about them ; and it is also possible that the least 
highly silicated rocks which were formed in the earliest geolo- 
gical periods now occupy the lowest positions, that is, lower than 
most of the rocks of contemporaneous formation. In short, it 
may be accepted as a general nde, subject to exceptions due to 
modifying circumstances which cannot be particularized here, 
that the most silicated sedimentary rocks usually occupy higher 
positions than such as contain little or no silica ; and that the 
most mountainous parts of a given area generally mark the posi- 
tions where the togest quantity or greatest thickness of nard 
silica and silicates have been accumimted. If there had been 
but one kind of silica having the properties of auartz, this rule 
would not be applicable, since a quartzose or nighly silicated 
rock when once reduced to the fragmental condition would have 
lost its resisting qualities as a mass, and would have rarely, if ever, 
regained them, supposing all other conditions to have remained 
unaltered. There is, however, a second kind of silica, through 
the intervention of which the sands and fragmental deposits are 
rendered hard and durable. We propose, then, to consider here 
some of the properties of the two Idnds of silica, and to refer to 
Sandstone, K C. S., for an account of the usual way in which 
friable rocks are made tough. 

Mineralogists have long reco^piized that there are two kinds of 
silica, but they failed to recognize the marked character of their 
distinctness, and the important consequences which result 
therefrom. Thev were knovm as the soluble and insoluble 
modifications ; the first having a sp. gr. of 2*2, and the second a 
sp. gr. of 2*6. They present the same relation between density 
and alterability as occiurs in the element silicon. The difference 
in properties appears to be due partly to some agent that modifies 
the intensity of the attraction of molecule for molecule, or, as it 
is called by Qraham, idio-attraciion ; and partly upon some altera- 
tion of the molecular forces whereby the silica is rendered at 
one time crystalline, and at another colloidal or gum-like in its 
nature. In order to prevent confusion, the one variety will be 
called silica, insoluble silica, crystallized or crystallizalile silica ; 
and the other metasilica, soluble silica, colloidal or gelatinous 
silica, amorphous silica; while silicic acid will be used as a 
general term applicable to both. 

The idio-attraction of a colloid such as metasilica, appears to 



be somewhat different in character from that of a ciystalloid 
such as silica, since in the former case simple cohesive attraction 
takes place between the molecules, while in the latter there is 
the same kind of attraction acting with greater intensity and a 
certain orderl^r mode of arrangement It would appear that 
there are certain conditions which favour the action of the regu- 
lating or crystallizing force, and that when they are absent or 
counteractea the substance assumes the amorphous or colloidal 
state. Metasilica is capable of taking up almost any amount of 
water, and its solubility depends, in a great measure, upon its 
degree of hydration. Thus a jelly which contains 1 per cent, of 
metasilica and 99 per cent, of water is, according to Graham, 
soluble in 5000 parts of water ; if it contains 5 per cent, of meta- 
silica it will dissolve in 10,000 parts of water ; if it is less hy- 
drated it is less soluble ; and if it is rendered anhydrous it 
appeara to be absolutely insoluble, '' like the light, dusty silicic 
ac& obtained by drying a jeUv charged with salts, as in the 
ordinary analysis of a silicate. The same author further re- 
marks that "the liquidity of silicic acid is only affected by a 
change which is permanent (namely, coagulation or pectization), 
and by which the acid is converted into the gelatinous or pec- 
tous form, and loses its miscibility with water. The liquidity 
is permanent in proportion to the degree of dilution of the silicic 
acid, and appears to be favoured by a low temperature. It is 
opp,;sed, on'^Ue contrary, by concentration an^ by elevation 
in temperature. A liquid silicic acid of 10 or 12 per cent, pectizes 
spontaneously in a few hours at the ordinary temperature, and 
immediately when heated. A liquid of B per cent may be pre- 
served five or six days ; a liquid of 2 per cent for two or three 
months ; and a liquid of 1 per cent, has not pectized after two 
years. Dilute solutions of •! per cent, or less are no doubt prac- 
tically unalterable by time, and hence the possibility of the 
soluble silicic acid existing in nature. No solution, weak or 
strong, of silicic acid in water has shown any disposition to de- 
posit cryst£ils, but always appears on dr}dng as a glossy colloidal 
nyalite. The formation of quartz crystals at a low temperature, 
01 so frequent occurrence in nature, is still a mysteiy. I can 
only imagine that such crystals are formed at an inconceivably 
slow rate, and from solutions of silicic acid, which are extremely 
dilute. Dilution no doubt weakens the colloidal character of 
substances, and may therefore allow their crystallizing tendency 
to gain ground and develop itself, particularly where the crystal 
once formed is completely insoluble, as in quartz." It is par- 
ticularly noticeable that silica may be concentrated in water to 
a high degree without assuming the solid state when placed 
under certain conditions. Thus when a colloid such as meta- 
silica is dissolved in a fluid crystalloid such as water, and the 
solution is placed on a colloidal membrane resting on water, the 
water on tne membrane slowly passes through it to join the 
larger mass beneath, and leaves the metasibca beliind. The 
solution is thus rendered stronger, and ^dually passes from 
perfect liquidity to a fluid having the consistency of a thick oiL 
When the concentration is carried beyond this stage, the meta- 
silica separates in the gelatinous form or pectizes. By continu- 
ing the process more water is separated, and the jelly divided 
into a hard and a fluid part, which Graham caUs clot and serum. 
When all the water has disappeared, the silicic acid remains as a 
hard, stony, vitreous mass. 

These strong solutions differ from ordinary solutions inasmuch 
as the particles of the solid dissolved are separated from the sol- 
vent by apparently trivial causes. Indeed^ it may be noticed that 
Professor Graham avoids the word " solution," and adopts that of 
"liquid." But neither of them is strictly applicable to these 
peculiarly constituted fluids. They evidently require a new name. 
But in this article we have retained the old one, as the reader may 
jud^e from the context what is the meaning to be attached to them. 
A bquid silicic acid containing 5 per cent of the acid is gelatin- 
ized in about an hour by contact with pounded graphite. The 
change is due to some physical modification, since the graphite is 
chemically inactive. A 2 per cent, silicic acid is gelatinized 
by the same means in two days. Many powders have the same 
effect ; as also many alkaline salts. The alkalies, on the other 
hand, act powerfully in liquefying the silicic acid ; that is, in re- 
ducing it to the condition in which it was when in a solution of 
the ordinary character. Thus, according to Professor Graham, 1 part 
of caustic soda, dissolved in 10,000 parts of water, will liquefy 
200 parts of metasilica (estimated dry) in 60 minutes, at 100° 0. 
"The alkali, too, after liquefying the gelatinous colloid, may be 
separated again from it by diffusion into water upon a dialyzer. 
The solution of these colloids in these circumstances may be 
looked upon as analogous to the solution of insoluble oiganic 
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colloids witnessed in animal digestion, with the difference, that 
the solvent fluid here is alkaline, not acid. Liauid silicic acid 
may be represented as the peptone of gelatinous silicic acid ; and 
the liquefaction of the latter dy a trace of alkali may be spoken 
of as me peptization of the jeUy." As a certain class of writers 
have attributed much importance to h^h temperatures in the 
formation of siliceous mineralsy the behaviour of silica under 
such circumstances must not be overlooked. Silica fuses at about 
2,000° C, or an intensity of heat far above that required to fuse 
iron ; but when fused, and then allowed to cool, it retains a gela- 
tinous consistency in which it is capable of beinff drawn into 
threads until far belo.w its fusing point, or at a Tow red heat 
This remarkable property is possessed by many other substances, 
and is termed twrfusion or superfusion by Foumet, who considers 
it to be a full explanation of the known facts which indicate the 
plasticity of native sUica. The molecular condition of silica which 
nas been reduced to the ffelatinous state by means of heat, appears 
to be undistinguishable irom that possessed by it when gelatmized 
by other means. On this branch of our subject, however, there 
is room for much further inquiry. 

Silicic acid, then, varies in its nature according to the conditions 
by which it is surrounded ; and it remains for future inquirers 
to ascertain more precisely what those conditions are, in order 
that we may gain a more thorough knowledge of the nature of 
this compound than we now possess. The denser form, or silica, 
occurs native, as quartz and its varieties ; while the lignter form 
or metasilica, is not known in the native state, as it always occurs 
in combination either with water, as in opal, or a base, as in the 
metasilicates. For furtherparticulars respecting siUcic acid in its 
native state, see Quabtz, E. C. S. There is, however, one group 
of compounds which require mention here, on account of the in- 
terest which may attach to them from a physiological point of 
view. Silicic acid combines with water to form hydrates. By 
appropriate means, a portion of this water may be replaced by a 
corresponding proportion of glycerine, alcohol, and other ox^- 
hydro-carbons, and each of these products may occur either in 
the perfectly dissolved state, or in the intermediate viscous fluid 
form, or as a jelly. Professor Graham proposes to call the li<r^d 
and gelatinous hydrates of silicic acid hydraaol and hydrogeL The 
corresponding alcoholic compounds he calls aUotol and aUogd of 
silicic acid ; and etherosol, eiheroqel, glycerosolj glycerogd, &c., of 
silicic acid, indicate the compounds in which eUier, glycerine, &c, 
occupy the place of the water in the hydrate. He then makes the 
following observations on this group of compoimds. Their pro- 
duction implies a wider range of amnity than could well be indi- 
cated. The organic colloids are no doubt invested with similar 
powers of combination, which may become of interest to the phy- 
siologist. The capabiHty of a mass of gelatinous silicic acid to 
assume alcohol, or even oleine, in the flace of water of combi- 
nation, without alteration or disintegration of form, may perhaps 
afford a clue to the penetration of the albuminised matter of mem- 
brane bv fatty ana other insoluble bodies, which seems to occur 
in the digestion of food. Still more remarkable and suggestive 
are the fluid compounds of silica. The fluid alcohol compoimd 
favours the possibility of the existence of a compoimd of the 
colloid albumen with oleine, soluble also, and capable of circu- 
lating witii the blood. The feebleness of the force which holds 
togemer two substances belonging to different physical classes — 
one being a colloid, and the other a crystalloid— is a subject de- 
serving notice. TVhen such a compound is placed in a fluid, the 
superior or diffusive energy of the crystalloid may cause its sepa- 
ration from the colloid. Thus, in hydrated silicic acid, the com- 
bined water (a crystalloid) leaves the acid (a colloid) to diffuse 
into alcohol ; and if the alcohol be repeatedly changed, the whole 
of the water may be removed, alcohor(another crystalloid) taking 
its place. The hquid in excess, or the alcohol in the present case, 
cains entire possession of the silicic acid. The process is reversed 
if alcohol be placed in a considerable volume of water. Such 
chimges illustrate the predominating influence of mass. Even 
the compounds of siUcic acid with alkalies yield to the decom- 
posing force of diffusion. The compound of silicic acid with 
one or two per cent of soda, is a colloidal solution, and when 
placed in a dialyzer over water in vacuo, to exclude carbonic acid, 
sidTers gradual decomposition. The soda diffuses off slowly in 
the caustic state. 

Many writers express surprise that silica should have an ex- 
tremely weak acid character, and yet form remarkablv stable 
compounds. The anomaly would probably lose much of its 
force if the conditions under which the acid acts were more fully 
taken into account. For example, take the cases of carbonic and 
sulphuric acids. Under ordinary conditions carbonic acid is a 
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f^, 80 that when it forms a solid carbonate its solidity is due to 
its chemical afSni^^, or attractive force, towards the substance it 
combines with. When any circumstance is brought to bear upon 
the carbonate which would diminish the intensity of the attrac- 
tive force between the carbonic acid and base, it renders the acid 
more easily converted into the gaseous form. As is well known, 
it does not require much to do this ; so that by raising the tem- 
perature to a moderatelv high degree, all carbonates are decom- 
po|8ed. The same remark applies to sulphates ; but as sulphuric 
acid is a liquid under ordinary conditions there is more difficulty 
in rendering the sulphuric add sufficiently rare to destroy its 
chemical affinity. Suica in its ordinary state is a solid, so that 
in its case a far greater amount of heat would be required to 
reduce its density to so low a degree as shall overcome its che- 
mical affinity. Thus a degree of heat which would render silica 
fluid, and best adapted for entering into chemical combination, 
would render carbonic and sulphuric acids too rare. It evidently 
depends upon conditions, whether we call a given acid weak or 
strong. Every acid is weak under one set of conditions, and strong 
under another ; but it conveys a false impression to call one acid 
weak and another strong because the conditions happen to be 
favourable for the one and unfavourable for the other. As has 
already been noticed, it should be remembered that carbonic acid 
IB a gaseous substance and silicic add a solid one ; that they are 
at opposite ends of the scale with respect to heat ; and that car- 
bomc add requires to be condensed before it will combine at the 
ordinary temperature, while silica rec^uires to be rarefied. This 
consideration seems partially to explam the comparative fixity of 
native silicates. That silicic acid does not comoine with much 
intensity of action is probably due to its slight solubility in water, 
wherebv it is onlv enabled to act slowly, and upon small quan- 
tities of base. If a comparison could be made between similar 
masses of silidc and caroonic adds^ having the same degree of 
concentration, it appears doubtful wnether silidc add could then 
be ddled weak in contrast with carbonic acid. There is probably 
a third form of siHca, but as yet little is known about it Like 
opal, it has a low density, the specific gravity being 2*2 — 2*3 ; and, 
like quartz, it crystallizes in the rhombohedral system, but the 
forms are quite distinct from those of quartz. It usually occun 
in hexagonal tables, arranged in groups of three ; whence the dm- 
coverer, von Rath, proposes to oul the new mineral Tridymice. 
It is found in small sharply defined crystals, in the cavities of a 
porphyry, associated witn iron-glance and nomblende, at Cerro 
S. Cristobal, near Pachuca, Mexico. Bath's description will be 
found in voL cxxxiiL of 'Po^endorf's Annalen.' 

(Graham, Proe. Ray. Soe. xiiL p. 335 [1864].) 

SILURDLN SYSTEM. PE. C. voL iv. cols. 770-774 ; Giboloot, 
E. C. voL iL coL 075 et m^.J. In the absence of any sound prin- 
dples whereby to determine the vertical boundaries of the Silurian 
System of rocks, ceologists vary amount themselves as to the 
strata which ougnt to be consider«^ its bottom beds. Thus 
Sedgwick has made the Wenlock beds the base of the Silurians 
[Cambbian Books, E. C. voL i coL 728] ; LyeU and many othera 
consider them to terminate downwards with the Llandeilo series, 

(Geoloot, E. C. voL ii. coL 975] ; and Murchison, who is followed 
»y the officers of the Geological Surv^, terminate them with 
the Lingula flags. [Silxxbian Ststbm, £. C. vol. iv. coL 771.1 

In this artide the term Silurian System will be conddered to 
mean all the strata from the Passage beds to the base of the 
Llandeilo formation ; but for the sake of comparison we shaU 
have occadon to allilde more than once to the Lingula flags, 
which are to be conddered as pre-Silurian. The following 
tabular view contains the latest opinions of Sir B. L Murchison 
on the classification of the older Palaeozoic strata. 

A series of greenish grey ihalee, oontaining lenticular 
pockets of hard grey grit; with abundance of crus- 
tacean and plant remains, Xtn^tifo eameoy and fish fhig- 
ments. 

Thin bedded yellowish sandstones with crustaceans 
(Poscilopod), plant and fish remains, Linfula eamtaf 
var. imntma (Sow.), Orthoceratt Flatyiehtftna helic%t9$^ 
ModMoptiSf Beyrichud, &c. Localities: Ledbury, Lud- 
low, Downton, Kington, Lesmahago. 

YeUowiih, greenish, and grey, arriUaceous sandy mud- 

itone with cucareous lenticular and nodular masses, and 

i many species of Braohiopoda, Ohomt$$ lata. JEihynehintUa 

\ mieula,Du€inaruyata, Orihu Umata, and 0. eUgantuia^ 

with Orihonota amyaddUna. SsrpHliUt hnyittimm^ Ac. 

I Loo. : Whitcliffe, Ludlow, MiE4Ter% I«ODghope. 
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Ghrey, pale yellow qr brown shales, with bands of argil- 
laceous uineetone in the upper part, and containing great 
numben of Siropkomena motOj S. (iepresta, iLhvnehweUa 
nueuloy B. mmcuia^ nod Ltncma Lewisiij the low^ por- 
tion aUo consiBtipg of beds o^argillacepus limestone, nlled 
with JPentain^rtts Knightit^ P. gaUatt*^, Siropkomena 
eMflj/pha. Atrupa reiieulaHs, Xingula striata^ with 
\Broetu9 Stoketit, Phaeom eaudatuif ko, Loc.: Whiteliflfo, 
, Aymestry, Tiew Edge, Onibury. 

Tellowiah grey, hard flaggy ^d nodular argillaceous 
shales, with occasional beds of impure limestone, and con- 
taining concretionary nodules of fossUiferous blue lime- 
stone ; the upper portion contains LingvUa lata. Qrapto^ 
liUs Lud^ntis, and Oardiola interruptu; in the middle 

?>rtidn Fhragmoeerat and JUtuitM occur ; and in the iQw^r 
*Aacops,^o. Lo«!. : Yinnalilill, Hoo^tre^, Stokes Wood, 
Onibury. 

/ f Argillaceous or semi-crystalline limestone, and lenti- 
cular masses of concretionary matter, abounding in organic 
remains, especially Crinoidea, Goelenteratiu Crustacea, and 
Brachiopoda; Spirtffra plicaUUa^ S. elevata, AthyrU 
tumida, AtrwMk reiiculariij RhynehoneUa Strichlandii^ 
JR. borealisy Jx. Wihonii^ Orthis rwtiiea^ Strophomena 
dntiquataj Diteina JForbesii. and Obolus Bavidsoniiy being 
most typical. Log. : Weniock Edge, Dudley, Walsall, 

^ ^ I' H^rd flaffgy beds and thin shales, in places slaty, with 
« li / occasional oeds of sandstone ; f^ils resembling those 



( 



« !1 / occasional beds of sandstone ; fossils resembling those 
^5 1 above. Loc.: Weniock, Dudley, Walsall, Malrem, Usk, 
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Dark gsej wmi-il^dlP^«M limcftpne, with mucl^ car- 
bonate of lunc in reins^ and occasional bands of argil- 
laceous nodules, &c., also sandy beds in jplaces: Ilkenus 
{Buma8tu8)j BarrxeiuU^ Orthis Davidsontt, 0. eleganttUa, 
yar. Loc. : Woolhope, Walsall, fto. 



Thin-bedded flaggy sandstones apd slaty beds; fossils 
comparatiTely rare in places, especially in the gritty beds. 
Loo. : Flintsnire, Denbighuiire, Tarannon river "banks, 
fto« 




(Grey and yellowish sandstones (occasioQally conglome- 
rates) with bands of limestopes, rich in organip remains, 
especially Brachiopoda; JPentafherys ohlongus, AhynchO' 
nella. Orthidt;^, kc, Loc. : Hay Hill, Shelve, Tort- 
wortn, fto. 



^ard B^ndstone^y conglomerates, and flaggy sh^ly bed^ ; 
the fossils closely alliea to those of the Upper Llandovery 
scries ; but distinguished by Fentamertu lens, and by 
unconformity. 

Shelbr sandstones, sjiales and slaty beds, with qutgrt;- 
Qse griw, conglomerates, ^nd occasional limestone or cal- 
careous bands ; fossils numerous, especially Echinoder- 
mata, Crustacea {TrilohitesY Polyzoa, and Brachiopoda ; 
of the last' nearly fifty [? 70] species, including Orthis 
Acionia, and Q.Jhhfmum* Loo.: Cf^radpo, Hor^oBley, 
Norbury, Bal^ 8nowdo|i, W^ord, Kildarp. 

' Dark grey flagstones, occasionally calcareous, with black 
slates containing GraptoHtes, &o. The LlandeUo fldgs 
comprise two groups. Upper and Lower. lAnguks, do- 
leUc^ JHsetnOy ana Orthida oocvir in, and qharaoterise 
this group of rocks with O^yigia JBuehii, Asaphw 
ijurannus, and Trinucleus eoncentricus. Loc: LlandeHo, 
Builth, Shelve district, Cader Idris, &p. 

^ Dark jg^rey and ferruginous slates, sandy shales, and 
hard bluish ila^s, with occasional bands of pisolitic iron ore, 
much felspathic matter in lines and thin oeds ; the Lower 
and Upper Tremadoc slates contain numerous genera of 
Trilobites, Oaygia scutatrix^ Asaphus Homjrayi, Molina. 
Trinucleus, &c., also Heteropod and Pteropod Mollusca, 
&c., with GraptoUtes {Diplograpsus pristis and D, folium), 
and Orthis alata and 0. testudinaria. Loc. : StiperStones, 

^Tremadoc, Portmadoc, Ffestiniog, Dolgelley, Duireath, &c. 

A great series of black and dark shales, grey and brawn 
thin slaty flagstones and sandstoi^es, with siliceoM grits 
and quartzites (Stiper Stones), occasionally crowded with 
fossils, and always fiaving the bharacteristic Lingula {Lin- 
aulella) J)avisii, It is efqually remarkable for its Cms- 
tacea [Faradoxides, Otenuf, Aanostus, BymenocariSy Ac.), 
Loc. : Dolgelley, Barmouth, Ffestiniog, 8t. Davids, &c. 







Laubbntian ( " Fundamental gneiss" of Murchison. Western promon- 
llo^a^ \ *0"C8 0^ ^oss and Sutherland, the Lewis. Lewa or Long 
'^^^' I Island, including Harris and ouisr parts of tl^e Hebrides. 

In the British Isles the simerficial area oyer which the Siltman 
strata, together with the Lingula flags, are exposed is nearly 
33,000 8(^uare miles. Of these 7600 occur in England and Wales, 
18,420 in Scotland, and prohably about 7000 in Ireland. The 
largest Silurian area is possessed by Scotland, which country is 
so largely formed of these rocks, that not more than one-tiiird of 
its surfioce is composed of rock strata of earlier and later ages. On 
looking at a geological map of the British isles, the eje is at once 
struck by a certain general arrangement of the direction or 
strike of the outcrops of the various formations. They are pre- 
dominantly south-easterly and north-westerly in the southern 
portions of the kiimdom, if we exclude the Wealden area of 
Kent and Sussex. Towards the north the trend becomes more 
nearly N. and S. Throughout all this area the nrevailnag dip 
is towards the S.E. and E., so that in proceeding from K 
to "W. we generally pass from newer to older rocfcs. Hence 
with the exception of a few insulated patches all the Silurian 
rocks are developed in the extreme west. In England we tra- 
verse full developments of the tertiary and secondary strata in 
proceeding N.W., and the same thing happens in travelling along 
the eastern coas^. In Scotland the tertiaries and secondaries 
occur in a few scattered masses only ; and the south-eastern shores 
of the southern half consist chiefly of the carboniferous strata. 
As the general strike is a little to the E. of N. and W. of S., and 
the average dip is easterly, it is in harmony with the prevailing 
structure of the whole island that the Silurian strata should 
form so large a proportion of the Scottish, and that they should 
occur almost everywhere but the S.E. comer. It is ^Lbo in 
accordance with this structure that they should rest upon older 
rocks in the N.W., which rocks are now known to be me oldest 
in the British Isles. These last have been assigned to the 
Laurentian series, and are to be met with at the places mentioned 
in the foregoing table. In Wales, however, or rather in the 
country to the west of the Longmjmd, the Abberley, the Mal- 
vern, and the May Hill ranges, there is an important differenoe 
in the general strike and dip ; the strata are thrown into vast 
undulations, are broken by numerous faults of enormous throv, 
and are arraiiged in the form of a basin (or rather half a basin), 
the fragmentary edges of which are composed of the ojder Cam- 
brian series. These are the general features, which are not at 
^11 disproved by the fact that there are a few inliers of Cambrian 
rocks, as well as outliers of old red sandstone, carboniferous 
limestones, coal measures, and Permian in the various parts of the 
basonic area. Details justifying these general remarks will be 
given in the sequel j but for the present it will suffice to say 
that the edge of this basin or bay follows a curvilinear line from 
St. Bride's Bay to IJsk, the Malvems, the Longmynd?, and 
Denbighshire. 

The Llandeilo series is an enormous mass of deposits, whicli, 
in Shropshire, has been estimated to have a thickness of 14,000 
feet. Sir B. Murchison divides it stratigraphically into iJan- 
deilo flags and Lower Llandeilo, in the foregoing table ; l^nt in 
his * Siluria ' this division is not generally indicated, while the 
former is treated as though it were the same from top to bottom. 
It is very j)robabIe, however, that there are ^hree distinct forma- 
tions, that; is> three series of rock strata, each of which is marked 
by its own peculiar fauna, and whicli have few species in 
common. They have been named in various ways. The lowest is 
known as the Tremadoc slates, the Arenig group^ the Skiddaw 
group, and Lower Llandeilo. The second is the Llandeilo flags 
of Wyatt-Edeell. And the third is the Upper Llandeilo flags of 
Wyatt-Edgeli, and the upper portion of the Llandeilo flags of 
Murchiso;i. , In Shropshire the siliceous grits of the Stiper 
stones are overlain by slightly micaceous grey flagstones, which 
acauire a brownish colour by weathering. Tnese alternate with 
beds of a darker colour, and more schistose character. The whole 
series has the same strike rN.N.E.) and the same dip (N.N.W.) 
as the Stiper stones, and tneir thicfaiess is estimated at about 
3000 feet. Fossils occur in the flagstones, but are more abun- 
dant in the black earthy slates. The mote characteristic species 
occurring here are : — Oholella plumhcay Medonia Anglica, R§>€iria 
Qomplanata^ Orthoceras Ave(inti, 0. encrinak, jEalina hinodcm, 
Trinucleus Murchisoni, and Encrinites. In North Wales, as for 
example, near Manod Bach, sandstones probably belonging to 
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the Upper Lingula flags pass up into others of a more flaky and 
micaceous character, which are interbedded with thin flaky 
slates. Farther to the west, as in the Peni'hyn peninsula, and 
near Arenig-bach, the slates acquire a greater and the sandstones 
a less proportional development. They are also much interbedded 
with volcanic ashes ana porphyries, whereby their aggregate 
thickness is enonnously increased, although the purely sedi- 
mentaiy portions are probably not nearly so thick as the cor- 
responding portions further east. Amongst the fossils cited from 
these beds may be mentioned: — Orthis calligramma^ Ogygia Sel- 
wynii, Cal]fmene parvifronSf var. Murchisonif j^glina grandis, 
Trinucleus Gibhsi% and Lingulella Damdi, In Whitesand Bay, 
near St. Davids Head, the Lingula flags graduate upwards into 
dark-coloured schists and slates, which contain Ogi/gia peltatay 
Trimicleus Gibbsii, and Agnostus pisiformis. Above these are 
black schists which belong to the Llandeilo flags. 

The Lower Llandeilo £gB consist of black shales and white 
sandstones near Builth in Radnorshire, and near Welliield. 
Farther west, as at Llandeilo, in Carmarthenshire, and at Nar- 
berfh in Pembrokeshire, it is chiefly composed of flaggy sand- 
stones, and large beds of limestone. Wherever exposed they 
contain ^^opAt^ tyranntiSfA.peltasteSyOgygiaBuchiifYai, convexa, 
CcUymene cawhrenm, Trinucleus favus, hichas patriarchus^ Beller- 
ophon bilobatusy Lingula grantUaia, L. attenuaia, and Orthis 
striatula. 

The Upper Llandeilo flags occur at Builth, and at Abereiddy 
Bay ; they consist of dark slates and black graptolitic shales. 
The commoner graj)tolites, such as Didymograpsm Mwrchisani, 
and Diplograpsus pristis, being more especially abundant in the 
bottom beds. The faima comprises, in addition to the Grapto- 
lites just mentioned, Asaph/as comdensis, Ogygia Biuihii, ordinary 
var. ; Barrandia Cordaiy B, radians^ B. UmgifronSf B. Portlockii, 
Calymene duplicata^ Trinucleua Jimbriatus, uheirurua Sfdgwickii, 
Ampyx nudus, AgnCstus Maccoyi, JLin^ula Raimayi^ BeUerophon 
perturhatuSy Murchisonia simplic^ Modwlopsis infiata. 

The imieous rocks are developed most largely in the Lower 
Llandeilo flags, and occur in greater or less abundance in 
most i)art8 of Wales. In the Shelve and Corndon district, for 
example, there are numerous seams or beds of felspathic ashes 
between the west flank of the Stiper stones and Marrington 
Dincle, near Chirbury. In the space of about 45 square miles, 
in tne neighbourhood of Hyssington, there are 17 of these seams. 
They alternate with schists and shales, and in consequence of 
their superior hardness they appear as conspicuous riages. In 
addition to these, there are beds of a more massive character, 
which are described by Murchison as being felspathic agglomer- 
ates, and slaty porphyries with crvstals of felspar. These 
alternate with schists containing Trilobites, while oragments of 
organic remains have even be^ found in the midst of beds 
entirely composed of volcanic matter ; Ogygia Bttchii is amongst 
the fossils thus represented. Similar phenomena occur in all tne 
hilly districts, extending from Llandegly to Cameddau and 
Builth. The intrusive rocks are chiefly coarse-grained greenstones 
and felstones. In North Wales the volcanic phenomena are dis- 
played on a still lai^er scale, and under such circumstances as to 
mdjcate that the volcanic deposits were formed under the same 
conditions, and at about the same time, as those just alluded to. 

These igneous rocks are similar to those of the eastern district, 
and are of two kinds, which Professor Ramsay terms eruptive and 
contemporaneous, which words are used by mm for want of more 
precise ones. By eruptive is meant ^^ all those bosses, dykes, &c., 
not surface lavas, that lie among the other i*ocks, and may even 
in some cases consist of parts of the strata amid which they lie, 
that have themselves been melted." And the word contempo- 
raneous is meant to imply that these rocks " were poured out as 
lava or showered abroad as ashes, in general terms, contempo- 
raneously with the formation of the strata amid which they 
immediately lie.'' These eruptive rocks are considered to be of 
two kinds, viz. (1), felspathic and quarfz porphyria and syenite, 
and (2) greenstones. And the contemporaneous rocks also are 
grouped into two divisions, according as they are (1) felspathic 
porphyries or lava beds, or (2) felsphathic and calcareous volcanic 
ashes. The great bulk of these ash beds occupies a low horizon in 
the Uandeuo flags, and they are thickest m particular spots. 
Thus at Cader Idns the ashes have a thickness of 3300 feet, an 
E. and W. strike, and a southerly dip. They are described by 
Selwyn as being vesicular, calcareous and fel^thic ashes, inter- 
stratifled ^vith arenaceous and felspathic slaty beds, them- 
selves generally more or less ashy, and sometimes conglomeratic 
and brecciated. Near their upper boundary is a band of blue 
slate, nearly 100 feet thick, whicli passes to the east. Above this 



band is an enormous mass of felspar porphyry. On tracing the 
ash beds towards the S.W., they are seen to gradually thin out 
as we approach the coast, and almost disappear near Llanegryn. 
Near Dolgelly the igneous rocks retain the same stratigrapmcfd 
position ; the vesicular, calcareous, and conglomeratic ashes are 
surmounted by the blue slaty band, which itself underlies the 
porphyry, or, rather, porphyry-like rock ; for although porphy- 
ritic. Professor Ramsay says it is readily distinguishable from a 
genuine crystalline porphyry, " for its crystals look, not as if 
separated from the matrix (mring the process of cooling, but rather 
as if tliey had been showered out along with, and mechanically 
embedded in, an ashy paste. They are, besides, often broken, 
and pebble-like fragments and slaty flakes occur in the enveloping 
spathose matter.'' In the Arran range vesicular volcanic ames, 
like those at Dolgelly and in the Cader Idris district, underlie a 
felspar porphyry. They are, however, chiefly felspathic and 
rarely calcareous. They are also more stre^y, owing to the 
occuiTence of lenticular patches of coarse felspathic volcanic con- 
glomerate, containing both rounded and angular fragments, the 
rounded ones owing tneir shape apparently to the action of water. 
There are a few beds of slate mterstratified with the ashes. The 
thickness of the whole series here is about 3300 feet. Further 
north the porphyry and ashes rapidly thin off, for at Moel Dhu 
their thiclmess has diminished to about 1100 feet At Drws-y- 
nant-isaf felspathic and calcareous ashes underlie the felstones, 
while above them a second series of ashes commence near 
Penmaen, and reach a considerable thickness (700 or 800 feet) in 
the Arenigs, and dip towards the east They are barely percep- 
tible in the higher summits of the Arrans and at Cader Idris, and 
as we proceed north they increase in thickness, while the lower 
ashes gradually thin away, and are only represented by a few 
unimportant streaks in me country north of Moel-Uym-nant 
The upper ashes occupy a considerable extent of ground in the 
neighbourhood of Arenig, but die otf towards the E. and N. 
From these, and other facts not mentioned here, we gather that 
the lavas and volcanic ash deposits are chiefly developed along a 
curvilinear line from near the mouth of the river Dovey to within 
a short distance of the Snowdon area, and that they are accumu- 
lated about certain centres, such as Cader Idris, Arran Mowddy, 
and other elevated peaks, from which they thin out as we recede 
from such points. From their mode of arrangement, from the 
frequent evidence of a rude kind of stratification, and from the 
occasional presence of fossils, we seem to see plain evidence that 
in the earher period of the Llandeilo fla^ submarine volcanoes 
were constantly pouring forth streams of lava and showers of 
ashes. There are also igneous or volcanic rocks at and around 
Snowdon, but these were formed at a later period, or during the 
deposition of the Caradoc series of strata. 

The Llandeilo series are entirely absent all along the eastern 
border of the Silurian area, and apparently they were never depo- 
sited so far east Thus at Wenlock Edge the Caradoc beds 
rest on the old Cambrian grits ; at the I^lalvems. Lower lian- 
dovery conglomerates rest upon beds of Lingula nag age ; and 
at May Hifl, Upper Llandovery beds rest upon Harlech grits. 
In all these cases, therefore, the Llandeilo series is entirely unre- 
presented. 

Passing now to the Caradoc or Bala beds, we find that they 
consist mainly of clays and sands, with occasional bands of lime- 
stones. The sands are most developed towards the eastern 
borders, while the argillaceous and calcareous deposits are most 
developed in the more central portions of Wales. In Shropshire 
the lowest beds are sandy shales with bands of sandstone so filled 
with shells as to have a strong calcareous nature ; these are 
succeeded by light-coloured, yeuowish sandstones, which pass 
into coarse grits in places, such as for instance the sharp ridge of 
Hoar Edge. Above these are shale, followed by sandstones, 
which, like those at a lower level, are rendered more or less 
calcareous by the abundance of shells contained in them. These 
sandstones are remarkable for their soft and sectile character, 
one rarely met with amoi^st strata of such high antiquity. The 
higher part of these beds is marked by a Sag-like laidinated 
structure, and is exceedingly fossiliferous. It passes up into 
earthy shales abounding in TriniLcleiis concentricus. The more 
abimoant fossils in the lower portion of the Shropshire Caradocs 
are : — DiplograpsiM pristis, L.toliaceus, Orthis oaUvgra/mma^ 0. tes- 
tudiiiaria, Lingula attenuata, Palosarca dongata, Orthomta nasutc^, 
Ctenodonta varicosaj Theca triangularis, Beyrichia c<ymplicata, Tri^ 
nucleus concentricus. In the higher beds the most abundant 
species are Calyniene BlunienbacJiii, Homalonotus bisulcatus, Phar 
cops tru)icato-caudatrU8, Tentaculitts Anglicus, Orthis vespertiliciy 
0, eUgantula, StrapJiomena, a species like ;S*. grandis, S, tenui- 
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striata, S. hipartita, Leptana sericea, L. transversalis, Modiolopns 
orbicularis^ ^Vtenodonta varicosa, BeUerophon bilohatus, and B, 
acuitus. Associated with the last, though less common, are Licfuu 
laxatusy Comulites serpularitu, Discina ohlongatay Orthis Actoniaf, 
0. biforataf Murchisonia drnpUx, OycUmema crebristria, and Comu- 
laria Sowerbyi, In the highest snales TrinucUus eoncentricw is 
particularly abundant These same beds are continued west- 
wardly, appearing at intervals in the undulations of the strata, 
and formmg the summit of Snowdon, in which district they are 
largely interbedded with volcanic rocks. It is owing to this 
circumstance that the actual distance between the lowest and 
highest beds of the series are farther apart in North Wale^ than 
in Shropshire, although in the latter area the sandstones and 
shales are about 4000 feet thick, while the limestones and sand- 
stones forming the Caradoc series at Bala and to the west of it 
are not more tnan 1050 feet thick. In North Wales the Caradoc 
sandstones are finer, and the limestones are thicker, indicating a 
greater average depth of water. It is also to be noticed that the 
west beds are harder, and seldom present the soft and occa- 
sionally mud-like character of some of the Shropshire strata. 
The Caradoc beds occupy a very wide superficial area in South 
Wales, in consequence oi the slight general dip of the strata, and 
the ntmierous undulations into which they have been thrown. 
The Caradoc beds thin out rapidly towards the southern ed^e. 
Thus from the right bank of the Towy to Mynydd-y-flfair uie 
Llandeilo schists pass into more arenaceous beds with occasional 
calcareous courses, and these pass by pebbly beds into Llandovery 
rocks. These arenaceous beds represent the Caradoc formation, and 
are of inconsiderable thickness. Proceeding a little to the N. of 
W. to Cwm-y-gwem, the Llandeilo is ovenain by sandy shales 
with calcareous courses containing Caradoc fossils, such as Trinvr 
cUu8 seticomisy StaurocephaliLs murchisoni, Orthis insulariSf 0. 
Actonice, 0. vespertilio, 0, caUigrammia, Leptctna transversaliSf 
L, quinquecostata, L, tenuicinctOy Cychruma crebristriay Halysites 
caienulatus. Farther north, or in Cilgwyn Park, the Llandeilo 
beds are dark earthy slates, containing such Caradoc fossils as 
TrinucUus setiearniSf Asaphvs Pounsii, iIUbuus Botomanni, Orthis 
spiriferoides, 0, biforatus^ 0. insularis, Bellerophon bilobattis^ B, no- 
aosvs, Theea triangularis, Spharonites balthicus, and Pleurocystites, 
Caradoc beds appear beneath the Llandovery at Blaen-y-cwm, 
south of Llandovery, and farther north between Rhayader and 
Builth. They also occur to the west of Llandeilo, as at Llan- 
peter Felfry m Pembrokeshire, and at Sholeshook near Haver- 
fordwest, and they are well developed throughout the vast area 
comprised by the counties of Carmarthen, Camigan, Radnor, and 
Montgomery, covered in places by Llandovery deposits. On the 
other nand, the Caradoc oeds are not represented m the Malvern 
Hills, where, as has already been stated, the Lingula and Upper 
Llandovery oeds occur in close contiguity ; nor in the May Hill 
district ; nor in several districts of limited area in Shropshire 
and Radnorshire. The evidence, therefore, indicates that the 
Caradoc series never extended so £eir S.S.E. and probably E. as 
tiie underlying Llandeilo and overlying Llandovery rockis ; and 
that in certain areas of Shropshire and Radnorshire the deposits 
of the Llandeilo period were elevated in places above the sea 
level of the Caradoc period. On the whole, the sea appears 
to have retreated somewhat westwardly in the area imder 
notice ; but it made a temporaiy inroad towards the east in the 
Wenlock district The general upward transition from shales 
and fine sands into coarse grits ana conglomerates also points to 
a shallowing of the water and encroachment of the land towards 
the west 

The Llandovery series is divided into the Upper and Lower. 
The land underwent great changes during the period of their 
deposition, and more especially during the middle part of this 
period. The marked distinction between the two halves does not 
seem to depend upon unconformity, but upon the fact that the 
Lower Llandovery follows the general steike and dip of the sub- 
jacent Silurian beds, whUe the Upper LUoidovery partakes of 
the general N.E. strike and S.E. dip which prevails throughout 
the Upper Silurian and the great majority of subsequent deposits. 
The Lower Llandovery appears to have had its eastern boundaiy 
on the western flanks of the land stretchine firom the Longmyn^ 
in the north to the Malvems and May HiU in the south, whereas 
the shore edge of the Upper Llandovery terminated westwardly, 
along the eastern borders of Wales, while its continuation in the 
opposite direction indicates recession from the ancient shore line. 
The changes which occurred were evidently very great, but we 
are not in a position yet to fully comprehend their nature and 
extent They do not, however, appear to have been accompanied 
by a corresponding change in the orj^anic world, for moat of the 



Llandovery species range from the bottom to the top strata. The 
phenomena appear to be of purely local importfuice ; so that 
although it may be convenient to group the Lower Llandovery 
with tne Lower Silurian, and the Upper Llandovery to the 
Upper Silurian upon stratigraphical grounds, we believe these 
reasons will only be of force in the district before us, and that 
the examination of the Llandovery series in other countries, 
together with its general palaBontological character in all 
countries, do not seem to warrant this division of the series. 
There is only one place in England and Wales where the rela- 
tions of the Upper and Lower Llandovery to each other, and to 
the beds above and below them, are shown, viz., Noeth Grug, 
which is a few miles north of Llandovery. There the Upper 
Llandovery lies to all appearance conformably upon the Lower 
Llandovery, and both occur in a synclinal fold, with a S.W. and 
N.E. strike, and underlain by Caradoc beds. This fold is, how- 
ever, abruptly terminated on the S.E. by a fault, which is 
immediately succeeded by Upper Llandovery and the Upj)er 
Silurian strata. In the Lower Llandovery of Noeth Grug the 
following, among other fossils, have been obtained : — lUctnus 
Bowmanniy Lichas laxatus, Murchisonia simpleo^ Orthis insularis, 
0. caUigramma, 0, Adonice, Strophomena bipartita, Leptctna 
sericea, Cyclonema crebristria^ Lituites comurarietis, Orthoceras 
bilineatwm, Atrypa marginalts, Orthis elegantula, 0. occidentalism 
Strophomena anttquata, S, pecten, ConvJana Sovxrbyi, Bellerophon 
dilcUatuSy Orthoceras ibex, Orthis reversus, Ehynchoriella furcata, 
R, angustifrons, Raphistoma tubercularis, Petraia svhduplicata, 
and P. elongata. On the eastern flanks of the Longmynds the 
Upper Llandovery, represented by a coarse conglomerate, rests 
uncomformably upon Cambrian rocks, and dips S.E. Farther 
S.E. it appeara m a conformable position, and retaining its 
dip in the same direction, between Caradoc and Wenlock beds. 
The most characteristic fossils in it here are Pentamerus oblongus, 
P, lens, Atrypa hemisphcerica, Rhynchonella decemplicata, Stropho- 
mena compressa, Lept<ena sericea, Orthis caUigramma, 0, biforata, 
Oyclonerna crebristria. &c. On the banks of the Onny the Llan- 
dovery is represented by a thin calcareous band ; on tracing it 
north-easterly, or towards the Wrekin, the series acquires a 
greater thickness, being increased in bulk by the interposi- 
tion of sandstones and conglomerates beneath the limestone oed, 
whose characteristic fossil is Rhynchonella decemplicata. It con- 
tinues as fEur as the Wrekin and Bmldwas. When followed to- 
wards the S.W. the Llandovery occurs as a quartzose pebbly con- 
glomerate, passing into a hard coarse grit at Corton, and as a 
siliceous grit and conglomerate in Radnorshire. The Upper 
Llandovery occura as a sandstone and conglomerate, containing 
Pentam,eru8, on the west flanks of the Malvems, where it resta 
upon Lingula flags, and, like all the Silurian rocks in this 
district, it has a N. and S. strike, with a dip to the west at a 
high angle. The thickness is estimated at 600 feet The usual 
fossils are Pentameri, Atrypa hemisphcerica, Rhynchonella decem- 
plicata, Petraia svhduplicata, Orthis caUigramma, Ctenodonta 
Eastnori, G, suboequalis, Bellerophon trilobatvs, Holopella obsoUta, 
Lingula crwnena, and species of Pterygotus, A small patch of 
Upper Llandovery occura in Hie Woolhope valley, and it is also 
represented at May Hill and at Himtley HilL At Huntley Hill 
the series consists of purple and green shdes and sandy beds, 
which pass into hard, coarse grits, and yellowish fine micaceous 
sandstones. On the whole, they dip steadily towards the 
W.N.W., and contain Atrypa hemlsphmca, Orthis caUigramma, 
Rhynchonella decemplicata, with Pentameri, These are succeeded 
by light grey sandstones and grits, with Pentameri-]ike shells, 
such as Stricklandinia lens and §. lineatus, associated with Atrypa 
reticularis, Strovhomena pecten, and S, arenacea. Farther to the 
S., or in the Tortworth district, the oldest visible rock is an 
Upper Llandovenr sandstone. Strata of similar age occur in the 
easternmost deve%)ments of the Silurian strata, as in the lower 
Lickey Hills, in Worcestershire, and near Barr, in Staffordshire. 
At Lickey they are quartzites, which graduate upwards into coarse 
grits and sandstones, in which Stricklandinia lens occurs. To the 
E. and S. of Lickey, as at Colmar and Kendal End, these sand- 
stonea are surmounted by Lower Wenlock shales ana limestones. 
The Wenlock group, which is so profuse in forms, indivi- 
dually, specifically, ana generically, presents great variation in its 
lithological character, including, as it does, sludes, limestones, and 
sandstones. Its beds are best developed alone the border liuids 
of Eneland and Wales. In proceeding from N. to S. idong this 
area, the lowest Wenlock strata are coarse sandstones in the N., 
shales and finer sandstones in the middle district, and limestone 
in the S. In most places, they rest upon Llandovery rocks, and 
dip S.K In Denbighshire, and at Manoes Bay, the bottom Wen- 
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lock bedfl are sandstones, which are called Denbighshire grits, at 
Koeth Gnig and in Radnorshire they form the iWnnon shales, 
while on the flanks of the Malvems the Woolhope limestone is 
the lowest |)ait of the Wenlock formation. The strata also indi- 
cate a transition from shallow to deeper water in passing towuds 
the east ; and in connection with this it is noticeable that whereas 
in Shropshire the Wenlock group rarely exceeds 1000 feet in thick- 
ness, its dimensions are more than doubled in N. Wales, since it 
is almost always the case that in contemporaneous deposits those 
deposited in the deeper water are far less thick than those formed 
nearer shore or in shallower water. The Denbighshire grits and 
Tarannon shales are confined to comparatively limited areas. The 
lowest widely spread Wenlock strata are the Woolhope beds, which 
are generally thick bedded limestones, which are interbedded 
with aigillaceous bands in some places, and sandy ones in others. 
The limestones are thicker in Radnorshire than in Shropshire, and 
in these counties contain Btmuutus Barrienais, Phacops caudatua, 
EnerinurusvariolariSfLeptcenaltgvigatct, AcrociUia prototypa, Pen- 
tamerus Knightiif A try pa hemisphixrica, StaurocephcUus Murchi- 
soni. At Woolhope these beds are represented by limestones and 
shales, in which the chief fossils are Bwmtutus Barriennt, Homo- 
lonotus delphvnocej^ialus, Phacopi caudatus, Comulites »erpulariu8y 
Orihoeeras anntUatwn, Etumtphaliu sculptiu,Sp%r%fereUv(Uu8, Stro- 
phomena vmhrex,S, pecten, S, depre$$af LepUxna tranwersalUyOrbieu- 
undea Forbuii, Atrypa reticularia, Rhynchonella Wilaoni, Orthii 
elegantula. At May Hill, in the Malvern district, on the flanks of 
the Lickey Hills, Worcestershire, and in the Barr District, Staf- 
fordshire, the Woolhope beds lure represented by somewhat similar 
strata, containing the same group of fossils. The Wenlock shale 
is an upward development or continuation of the shales in the 
Woolhope beds. It is well developed from Coalbrook-dale in 
the nortn to the Malvems in the south. In Denbighshire it is 
represented by hard slaty sandstones, in Shropshire by argilla- 
ceous shales, which become finer in texture ana more calcareous 
as they are followed southwards. In a few spots, however, they 
are somewhat sandy and gritty. The principal fossils in thid 
division of the Wenlock group are : — 



Orthifl elegantula. 
StrophonMna pecten. 
8. depreua. 
Atrjrpa marpnalis* 
A. rnioalana. 

A. tumida. 
Spirifer plioatelliu. 
Orthii buoba. 

0. hybrida. 
0. ruatica. 
Leptena depretsa. 
L. traniTenaliB. 
PentameruB linguifer. 
Bhynchonella rotundata. 

B. depreisa. 
B. StricklandL 
B. deflexa. 

B. Bpherioa. 
B. navioula. 
Cardiola intemipta. 
Euomphalus f unatut. 



E. alatus. 
PileopBia haliotis. 
Bellerophon wenlockensis. 
p. dilatatus. 

Tbeca Forbesi. 
T. anceps. 

Orthooeraa subundulatuB. 
0. primevum. 
Lituites articulatus. 
L. Biddulphii. 
L. gi^anteus. 
EncrmuruB punctatua. 
S. variolaris. 
Galymene BlumenbaohL 
G. tuberculota. 
Phaoops caudatus. 
P. longicaudatuB. 
Comuutei serpulariui. 
Favorites alyeolaris. 

F. fibrosuB. 
Graptolithus piiodon. 



The Wenlock limestone, the highest member of the Wenlock 
group, occurs in thick beds, which differ from those of the Wool- 
hope limestone in having a highly concretionary structure. The 
concretions are freauently many feet in diameter, and are more 
purely calcareous than tne non-concretionary part of the lime- 
stone. These concretions, or '* hailstones," as they are called, may 
be well seen near Wenlock. The limestone thins out rapidly 
from Wenlock towards the S. W., and on the banks of the Sugg 
a few calcareous concretions are all that represent it, while m 
Radnorshire and in Marloes Bay it can scarcely be traced. It is 
absent in the other parts of Pembrokeshire, and throughout the 
counties of Brecon and Carmarthen. It is, however, well de- 
veloped in the east, as in the Malvern, Woolhope, May Hill, and 
Usk districts. The well-known Dudley limestone of Castle Hill 
and the Wren's Nest, is the same as the Wenlock limestone. 
The species fonnd in this limestone are exceedingly abundant ; 
the most important of them are : — 



Halyrites catenularios. 
Fayoaitos flbrosus. 
F. asper. 
F. cnstatus. 
Heliolites intentinctui. 
H. tubulatuB. 
H. petaliformis. 



Strophomena euglypha. 
8. filosa. 
8. depreBsa. 
Peiitamerus galeatuB. 
Spirifer plicatellus. 
8. trapezoidalis. 
8. crispus. 



Coenitsi Juniperinus. 
Sjrringopora oifuroata. 
Omphyma turbinata. 
0. subturbinata. 
Alreolites Labechoi. 
Gyathophyllum trunoatom. 
C. artioulatum. 
Acenrularia luxurians. 
Periechocrinus moniliformis. 
Orthooeras amiulatum. 
0. Brightii. 
Bellerophon dilatatus. 
B. wenlockenBis. 
Conularia Sowerbyi. 
Euomphalus carinatus. 
E. sculptus. 
E. diacors. 
E. funatns. 
£. rugosus. 
Orthonota einrulata. 
Avicula reticulata. 
Pterinea retroflexa. 
P. planulata. 



Spirifer eleratus. 

Orthis rustica. 

0. elegantula. 

0. hybrida. 

Leptsena transrersalii. 

L. uerigata. 

Atrypa reticularis. 

A. marginaUs. 
Betsia cuneata. 

B. Salteri. 

Bhynchonella borealis. 
B. Wilsoni. 

B. nueula. 

Calymene Blumenbachi* 

Enorinurus punotatus. 

£. variolaris. 

Phacops DowningisB. 

P. StokesiL 

P. caudatus. 

Acidaspis Brightii. 

Bumastus BaniensiB 

HomolonotuB delphinocephalus. 

Comulites serpularius. 

Tentaculites omatus. 



The Ludlow group is the highest member of the Silurian se- 
ries ; it usually dips towards the S.K, the variations therefrom 
being due to local anticlinals, as at Woolhope, and it generally 
succ^s the Wenlock beds. Its lithological character is lanjely 
argillaceous, and its lower shales closely resemble those of Wen- 
lock age. There are a few local developments of limestones in 
the lower portion, while in the upper half sandstones are largely 
predominant, which pass tip gradually and apparently conform- 
ably into the old red sandstone. The Lower Lualow shale 
ranges from Shropshire by Fresteign to Radnor Forest, being 
overlain throughout a large portion of the tract by the Aymestry 
limestone ; it thence spreads through Montgomeryshire and 
Brecknockshire, without any overlying limestone. It is exposed 
in the Malvems, at Woolhope. near Usk, and in Staffordshire, in 
all which places it is associated with the Aymestry limestone. Its 
usual fossils are : — Protaster MUtoni, Pakeocoma Marstonif P, 
Colvoni, Orihoceras Ludenae, 0. /losus, 0, svhundtUattu, Lituites 
giganteutf Cardiola interrupta, C, striata, Orthonota rigida, Pterinea 
retroflexa, Pentamerus gaieatus, Strophomena depressa, S, euglytha, 
Leptama kevigata, Atrypa reticularis, Rhynchonella WiUoni, The 
Aprmestry limestone is generally a subciystalline earthy limestone, 
of a bluish grey colour on the fresh surface of fracture. Its predo- 
minant fossu \%PentamerusKnightii, associated with Rhyncnorulla 
fFilsoni, LingvLlaLewisii, Strophomena euglypha, Atrypa reticularis, 
Belleropnon dilatatus, Pterinea Sowerbyi. Above the Aymestry 
limestone there are thick masses of calcareo-argillaceous strata, 
which readily disintegrate, and hence have been called mudstones. 
It frequently abounds in small spheroids and concretions of 
sandy clay, which readily weather out, leaving the surface of the 
cliff or outcrop spotted with shallow depressions These form the 
Upper Ludlow rock, and contain a multitude of fossils, such as, 
for instance : — 



Chonetes lata. 
Orthonota amygdalina. 
Goniophora cymbsformia, 
Pterinea lineatula. 
P. retroflexa 
DlBoina rugata. 
Orthis elegantula. 
0. lunata. 

Bhynchonella nueula. 
Cyolonema corallii. 
C. oetaria. 



Serpulites longissimus. 
Comulites serpularius. 
Beyrichia Walckensiana. 
B. Kloedeni. 
Alreolites flbrosus. 
Orthoceras buUatum. 
Phacops caudatus. 
Sncrinurus punctatus. 
Calymene Blumenbachi. 
Homalonotus KnightiL 



The Downton Sandstone and Passage beds are well exposed 
all along the eastern and southern margin of the Silurian area, 
and are, as at Ledbury, Usk, Ludlow, Irecastle, Narberth, Mar- 
loes Bay, &c, for the most part sandstones. In places they 
pass up so gradually into the old red sandstone, that it has 
oeen round difficult to decide where the boundary line is. 
Towards the lower portion grey marls and sandstone pre- 
vail, having only a few red bands interbedded with them, 
while towards the upper part the red marls and sandstone 
acquire the predominance. Fish occur in these strata, and are 
particularly abundant in two thin bands, the lowermost of 
which has long been known as the Ludlow bone bed. The 
latter vary from a quarter of an inch to four inches in thickness, 
and appear like a mass of small chocolate-coloured or even black 
fish bones, associated with the remains of shells and crustaceans. 
The fish-remains generally consist of scales and fin rays. The 
bone bed has been found at Broek Hill and Hales Hill, near 
Malvern, at May Hill and Huntley Hill, at Pyrton Passage on 
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the Severn, at Onibury, at Hagley Park, as well as at Ludlow ; 
80 that it probably has a length of nearly 60 miled. At Btadnor 
Hill, near Kin^n, and at May there is a second bolie bM sotue- 
what higher tnim the Lu4low bone bed. The fossils in these 
beds are LeptocheUs MurcJ^isonij Ptm/gotut prchlemetiietUf Cepha- 
laspU Mwrchisoni, Phtyschisma helicites, Lingula c&nua, &c. 

The life of the Silurian e^h, or rather th6 pt^sent fitate 
of our knowledge respectiiig it, is admirably disptaT^d iti pr. 
Bigsby's * Thesaurus Siluticus,* in which he has brought togetner 
in methodical arrangement the long muster-roll of the org^Qiic 
world, indicating the geological horizon and geographical dis- 
tribution of every species. The list is croupea in classed, and 
the names imder toch class are arranged in alphabeftical order, 
80 that befofe a clear idea can be obtained as to the distribution 
of the groups in sj^ce and in time the inquirer is obliged to 
spend much labour m rearranging the names. We should have 
liked to have performed the task for the purpose of this atticle, 
but it would consume far more time than we can afford, llie 
following list, howevct, tvill serve as a substitute for that ih the 
original article. It includes all the forms belonging to the 
Silurian period in its widest s^nse. We have adopted Dr. 
Bigsbv's arrangement, although in many oases it is not in 
accoidancei wit^ the present prevalent opinions ) in sevenil in- 
stances Dr. Bigsby has himself pointed out thUt soine of the 
genera which he has placed in one class more properly belong 
to another. The figures represent the number of species, except 
ill the Trtjo&ito, LcmuUi-hfymchiataf Oasteropoiaf and Gephatd- 
poda, where they represent the appearances. 



PLJklfTA. 



Actinopbyllum . 
ArthrophjcUd 
Beatrices . • 
Bathotrei>hit . 
Dictjolitoi 
Ichnophf CUB • 
tiaminantes 
Lepidostrobuii 
licrophycTX^ 
Ifnllipora ; 
Palnochorda 
Palieophycus . 
Paleotrochufi . 
Phycodes 
Phytopsis . 
Buiopnycus . 
BphenothalluB i 
Bpongafium * 
Trichoides . 
Yezillmn 



i 

2 

It 

I 

I 



Pbotozoas 



icmthMpoDgk 

4^chilleuiii ; 

Amphisponcia 

Arbnseooyathut 

ABtreoflpongia 

Astylospongia 

Calathium 

GannopoHi 

Cliona 

Gnemidium . 

Cosdninin. 

OMdnopore .- 

Dodalul . 

Intricaria : 

^hadites 

ICanob . 

NidtiHtei 

PalieomanOn 

ProUw. 

Beceptac 

BeticuliteB 

]lthabdaria . 

ScTphia . 

Siphonlli . 

Bphwrospong^ 

Btromatopora 

Stromatocerium 

Tetradium. 



sponffia i 
tacuutes 



2 

18 
2 

2 
5 
2 



1 
1 

1 
8 
1 



56 



4 
1 
6 

7 
1 



2 
1 

1 

1 



1 

18 

2 

3 

8 
1 
5 



t 



20 



1 
2 

1 

1 
6 



if 
I 



1 

4 

1 

8 

4 
1 

4 
4 

2 

3 
2 
I 
4 
1 



None. 



1 



4 

I 



I 
1 




I 



i^uoiozoA — coiftintted. 
Tetra^onis 
Trachium . 
Trich<MtK9tigifl 
Yertidliipora 



/ 



.\ 



2 
2 
1 



69 



i 

M 


Other 
Countries. 


i 
1 


6 
1 






62 


6 


6 









There are some 20 6r more species of rhizopods, but the generic 
and spetific d^terminaft^otis are very doubtfuL 



CoSLEMTXItATA. 

Acemdaria . 

Alveolites . 

Ampiexas 

AnuophyUttifi 

Arachnophyllam 

Astiooenum 

Aulacophylluin 

Bblpoporites 

Caloeola . 

CaUopora . 

Oalophylloiif . 

Galopoecia . 

Campophyllam 

Cannopora . 

Ghsetetei^ 

Ghonophyllttxtt 

Cladopora 

Clatfaropora 

Gludophyllum 

Coenites . 

Columnaria . 

Conophvlium 

Conatellaria • 

Corynoides 

Oyathaxonia . 

Cyathophyllum 

Oyclolites 

Cylindropora 

Cystiphyuuin 

Dania^ 

Dekayia . 

Bendropora 

Dianuhtes 

Biphyphyllum 

Biplophyllum 

Diftoophyllum 

Emmonsia 

Enallopora 

Bridopnyllam 

f aviBtella . 

FaYositea 

Fistalipoia 

Pletcheri 

Goniophyllum 

Halynt^ • 

HehoUtes . 

Helopo^ 

Heteropora 

Labechia 

Laceripora 

ILithostrotiofeL . 

Lonadate&a 

lijreUia . 

iullepora • 

M yriolites 

Kebulipora 

Oldhanda 

Omphyma * 

Orbipora 

Pacnyphylliiin 

PaliBocyclus . 

FalsDopnyllum 

Petnda . • 

PhadteaC?) 

Plasmoponi . 

Propora 

Protarea 

Ptychophyllum 

Bhinopora 

BhizophytttHii 

SarcinnU 

Staxuia 

Stellipora ; 

Stonopora . 

Btrepnodes 



2 
2 
1 
1 

4 

1 
3 
6 
1 
3 

1 

17 
1 

7 
3 
3 
5 
13 
1 
1 



13 
1 

4 
1 
1 



1 

4 
2 
2 

1 

6 

18 



6 
14 
19 



3 

r 

2 
3 



13 
1 

2 
I 
2 

4 
4 

2 
1 
1 

15 
2 



4 

10 



1 

2 

I 
6 

2 



i 

11 
1 



5 

10 
2 



1 

2 

10 

2 
8 



1 
2 



1 
1 
1 

16 
1 
1 
3 
8 

20 
1 
1 
3 

i 

1 
1 

3 
I 
6 
4 

8 
2 
1 
6 
1 
16 

2 
1 



1 
1 
1 

9 
7 



§ 



1 



6 



3 
6 



t 



1 
1 



\ 



1 

2 
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1 


1 


Other 
Countries. 


• 

1 
s 




E 


i 


Other 
Countries. 


• 

§ 

E 




Aetinwoa — eoniinued. 










' 










" 


Btreptelasma . . 


6 


1 






ThyBanocrinuB 


6 










Striatopora . 


1 








Trochocrinus . . 


• 


. 2 




" 




8t|pmlK>de8 
Sjringophyllum 


5 


6 

1 


^ 


1 


' - . 












193. 


98 


2 


c 




SVringopora . . 
Tliecia . 


18 
2 


16 

7 


^ 


4 

1 








flV 


v 














Theooste^iies . . 


1 








q^tiidea. 












Zaphrentia • 


17 


6 


— 


1 


Amygdalo^wtiteB . 
Anon^alocystites . 


3 

1 






























269 


249 


8 


32 


Apiocystites . 
Ateleocyatites . . 
Callocystites . . 


9 

1 

.2. 


2 


-^ 


1 














1 




1 




Amnulosa. 










Caryooystites . . 


I 


4 








Behinodermata. 










Comarocystites • 


3. 










Orinoidea, 










CrinocyBtites . . 


2 










ActinocrinuB . . 
Aspidocrinus . 


6 . 
3 


3 


1 




Cryptocrinites 
CycIocyBtoides . . 
£chinocyBtite8 


• 

3 


a 

2 




1 




Asterocrinus . . 


1 


2 








. 3 




A 




Balanocrinus . 


1 








Eohino-encrinus . 


1 


8 




1 




Blastoidocrinus . . 


1. 








Ecbinosphscrites . 




. 18 




& 




Braohiocrinus 


1 






' 


GlyptocyBtites 


4 


X 








Calliocrinus . . 


*— 


1 






Glyptosphonites . 




I 








Calyx . 
CaraboerinuB . . 


"i 


1 






Gompbocystites 
Hemicosmites 


3 
2 


7 








Caryocrinus . 


6 


I 






HemicystiteB . . 


1 


• 








Cheirocrinus . . 


2 


6 






Heterocystites . 


1 










Cleiocrinus . 


3 








Holocystites . • 


7 










Cloflterocrinus . . 


1 








Lepadocrinus . 
Malocystites . . 


1. 










Coccocrinus . 


1 


. 






2 










CondylocrinuB . . 


»— 


1 






Palseocystites . . 


4. 


• 








Cophinus • 


— 


1 






Pleurocystites . . 


6 


2 








Coronocrinus . . 


1 








Protocystites . 


... ^ 


. 1 








Crotaloorinus . 


1 


1 






Prunocystites . ^ 


i.. 


I 








Cryptocrinus . . 


— 


2 


, 




Pseudoorinites 


.. 


. § 








Ctenocxinus . 


^— 


4 






8ph«rocyBtitcs . . 


I 










CupelUBcrinuB . . 


9 








Bphs^ronites . 


• 


7 








Cupressocrinuf 
Cyathocrinus . . 


"i 


1 

6 


1 




Syoooystites . , 
TSYMhooystites 




a 








Cyclocrinus . 
Oystocrmus . . 


2 


1 






• 












1 










iso. 


^ 


_ 


3 




Cytocrinus . 
Dendroorinua . . 


1 
12 












^T 










• 


■ ■ 1 ■ 






Dictyocrinus . 


1 








AiUroidea, 












Dimerocrinus . . 


p— . 


8 






Agelacrinites . . 


3 


. 1. 


^_ 


1 




Echinocrinus . 


F— 


1 






Bothriocidaris 


.1. 


-2 








Edriocrinus . . 


1 








JBdrioaster . . . 


.1. 


I 








Enallocrinus . 


p— 


.2 


. 




Glyptaster 
Lepldaat^ . . . 
Pa roaster 


4 


^ 








Sugeniacrinus . . 


— 


1 








. 9 








Glyptoerinus .' 


15 


4 






4' 


s 








Onmmocrinus . . 


— 


2 






Palsdphinus . • 


__ 








Haplocrinus . 
Heliocrinites . . 


— 


2 






Pakeocoma 


2 










-~ 


3 






PalsBodiBcus . . 








' 


Heterocrinus . 


9 


{ 






Palasteiina . 


1 


9 








Homocrinus . . 


7 






Fetraster . . . 


4. 


■ ^w 








Hybocrinus . 


3 








Protaster 


. 1 


• 

4 








HypanthocrinuB . 
lonthyocrinus 


19 


5 


^— 


{ 


Stenaster . . . 


3 


w 








3 


1 


^"^ 


TsBniaster 


.2 










Lampterocrinus . . 
LeoanocrinuB . 


2 

7 




















'29 


29 





1 




Lepocrinus . . 
LTriocrinus . 
MaorostTlocrinuB . 
MariacrmuB . 


1 












w 




A 




2 










* ■ 










2 








Atmelida, 












7 


8 


— . 


2 


Aphrodita . . . 


—^ 


• 

I 








HarBUpiocrinuB . . 


1 


1 


— . 


1 


Areoicolites . 


1 


8 


^^^ 


1 




MenstocrinuB 
Melocrinites . . 


3 


• 






Boliriana . . . 


3 










3 


2 






CampyUties . 
Chondrites . . 




a 








HyelodactyluB 


3 


t 






.. 


1 








KuoleocrinuB . . 


1 








Cornulites ^ 


4. 


. I 


^^^^ 


1 




PachyocrinuB 


1 








Crospopodia . . 




.2 




* 




Paheocrinus . . 


4 








Cnuiaqa , 


; 4 


. 13 


- - 


2 




Pentremites . 


1 








Disophonus . . 
ForalliteB 


_^ 


1 








Feried^ocrinuB . . 


■—^ 


3 






.. 


. 5 






Phialocrinus . 


~- 


I 




, 


Fucoides . . . 


; 2 


• 






Pisocriiius . . . 


'— 


2 






Haughtonia . 


_ 


I 








PlatycrinuB . 


6 


4 






Helinintholites . . 


".— ' 


I 








PorocrinuB . . 


3 








HiBtiodenna . 


_ 


I 








Poteriocrinus . 


3 


1 






Humills . . 


•^ 


T 

% 








ProtocrinuB . . 


— . 






Lumbricaria . 


.^ 


2 








BeteocrinuB . 


2 








Hyrianites . . 


_ 


8 








fihodocrinus . . 


6 


3 






Nemertites . 


_ 


1 








SacoocrinuB . 


1 








Nereitet ... 


• 

. 1 










Safenocrinus . . 
Schizocrinus . 




1 








FhytopfiB 


. % 


^ 










3 


• 






Flatjsolenites . . 
Psepbidium . 




I 








Scrphocrinus . . 
Spnenocrinus . 




1 


2 






.^ 






^ 






— » 


1 




' 


Pyroteaema . . 


_- 


. 1 








StephanocrinuB . . 
SynbatbocrinuB 




2 








Boolecoderma . 


—^ 


. 8 










1 








SoolicolithuB . . 


m— 


I 








Syringocrinui^ . . 
llixpcrinuB . 




1 
1 


4 


^^^ 


1 


ScoUthus 
Serpuk . . . 


3 


4 

8 


1 


1 




TetrameroorinuB . 

• 




— 


1 






Serpolit^i • 


.3 


7 
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A nmli da — cmiinm§d. 
Spirorbii . 
l^taoulitot . 



Traohjdeniia 
YermiouUtet . 



Crtuiaeea, 
Trilobita. 

Acanthopyge 
Aoerocare 
Addatpis . 
Aoontheus 
ActinopeltU 
JEfflina • 
Aglaspis . 

AgTlOStUB 

Amphion . 

AmpTX • 

AngelinA . 

Anomooare 

Anopocare. 

AnoDolenus 

Aretnuaiiui 

Areia • 

Ar^ 

AnonelluB 

Airaphtu . 

Aiapnui. 

Atopa • 

Barrandia 

Baailicui • 

Bathyonotot 

BathyurelluB 

Bathyuroi 

BohemiUa . 

Braohyaspis 

BronteopcU 

Bronteus 

Bumaitua • 

Calymeno 

Carmon 

CelmuB . 

Centropleura 

Chariooephalui 

Cheinmu . 

Conoooryphe 

Corynexoohoi 

CrepicooephaluB 

Cromus • 

Crotalurui 

Gybele • 

Cyphas^ 

Cyphoniaoiia 

Cyrtometopua 

Dalmania . 

Deiphon 

Dikelooepbalua 

Dindymene 

Diomde . 

Doliohometopos 

DraplanuB. 

Empaocephalua 

Encrinurua 

Endymionim 

Erixmya • 




>ma . 
Eurycare 
Harpea 
Harpidea 
Holooephalinm 
HolometopoB 
Homalonotiia 
Hamalopteon 
HTdrooephalni 
nlBBnopaia • 
niflBnuroa . 
IllanuB • 
Isooolua • 
Iiotelua . 
Leptoplaatoi 
lichaa . 
laoitraeua. 
LoganeUuB 
LonohocephaluB 
LonehodomoB 
Ifegalaapia 
MeiooephaloB 











• 




• 


d 


1 


1 


11 

5 


1 


a 


H 


1 


1 


3 






15 


17 


_ 


2 


^. 


5 






— 


1 






39 


100 


1 


7 




1 


1 




.,« 


1 






11 


67 






1^. 


1 






,« 


1 






«^ 


18 






3 








15 


52 






9 


13 






9 


31 






V— 


2 






_- 


6 






_ 


1 






M. 


2 






.— 


2 






^ ». 


2 






1 








9 


3 






_ 


1 






85 


80 






2 








_ 


5 






•_ 


9 






1 








9 








38 








— 


1 






— 


1 






__ 


1 






8 


62 






9 


9 






31 


86 






». 


2 






_ 


1 






.. 


3 






1 








34 


76 






36 


27 






». 


2 






4 








1 


5 






— 


1 






1 


24 






1 


22 






». 


1 






— 


U 






26 


50 


• 




-^ 


6 






31 


4 






^— 


4 






1 


3 






4 


1 






_ 


9 






1 


5 






13 


24 






2 


1 






— 


1 






.» 


1 






.. 


8 






.. 


5 






8 


25 






5 


4 






.. 


3 






2 


3 






11 


38 






— 


4 






». 


2 






— . 


1 






1 








51 


96 






_ 


1 






17 


5 






— 


3 






19 


85 






_ 


8 






1 








4 






, 


_ 


8 






m^am 


23 






4 


' 







JHiobita— continued, 
liicrodiacoB 
NileoB . 
Niobe • 
OctoillnnaB 
OgygU . 
Ogygiocaria 
OlaoelliiB • 
Olenua . 
Paleopyge 
Pandena 
Parabolina 
Paradoxidea 
Pemphigaapia 
Phaoopa. 
Pharoatoma 
Placoparia 
PlatymetopuB 
Pleaioooma 
Polyerea . 
Polytomurua 
Pro«tu8 
ProBopiactts 
Pailocephalus 
Ptychaapia 
PtychopTge 
Baphiopnonia 
BtfiDopieuridea 
Bhodope. 
Saltena • 
Sao 

Shumardia 
Solenopleura 
SpluBrexoohuB 
Spharooorrphe 
SphnrophtJudnma 
Btaurocephalua 
Stygina 
Bymphyaunia 
T^pthuB • 
Tireaiaa . 
Trapelooera 
TriarthrelluB 
TriarthruB 
Trilobitea 
Trinucleua 
Zethoa . 



1 

4 



4 
4 



7 
3 

2 
1 



1 

10 



570 



I 



1 

7 
9 
1 
25 
1 

32 
1 
3 
2 



10 


22 


1 




29 


129 


_ 


6 


.. 


6 


... 


2 


». 


4 


_ 


2 


i_ 


2 


10 


65 


— 


1 


^~ 


2 



15 
6 

19 
5 
2 
2 

4 

30 

3 

11 
9 

4 
3 
4 
1 
6 



23 

67 

3 



1600 



H 



B 
B 



" 



The total namber of species is 1639; about 20 species 
from India and Australia are included in the European 
list 



Ottraeoda. 

Fh^Uopoda. 
Aataoodeima 
Bairdia . 
Beyrichia • 
Bunodea 
Caryocaria. 
Ceratiocaria 
ClimaticlmiteB 
Cythere . 
Cytherina . 
G^theropaia 
Diotyooaria 
DiMmooaria 
Dithyrocaria 
Entomia 
Euryptenu 
Exapmuroa 
Hemiaapii. 
Himantoptenia 
Hymenocaria 
Leperditia 
limuloidea 
Lingulocaxia 
Hyooaria . 
Parka . 
Peltocaria . 
Primitia 
Protichnitea 
PaeodoiiiBoaB 
PterygotuB 
SflBrichnites 
Blimoxua , 



24 



6 
1 
2 
4 
8 



14 



5 
6 

8 
1 

- 



14 
1 

22 
3 
1 

14 

2 
6 

3 
1 
2 
1 

15 
1 
5 
5 
1 

31 
8 
1 
3 
1 
2 

26 
1 
1 
7 

3 



1 
1 



3 
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1 


Other 
Countries. 


i 
1 




America. 




Other 
Countries. 


Common. 


Phyllopoda — continued. 










Braehiopoda — continued. 










Btylonurus . 


— 


1 






Lingulepis . . . 


2 








Turrilepas. . . 


— 


1 






Lingulocaris . 
Heganteris . . 
Merista . 


4 
19 


1 








76 


178 


2 


5 


6 


^^ 


2 




^ 








Meristella . . . 
Nucleospira . 


9 
5 


8 




1 














JL 


OLIUSCA. 










Obolella . . . 


10 


8 


— 


1 


Folytoa, 










Obolus . 


9 


10 


— 


2 


Aleoto . 


1 








Orthis . . . 


132 


155 


10 


16 


ArchieoDora . . 
Arthrociema . 


— 


6 






Orthisina 


5 


22 


— 


1 


1 








Pentamerus . . 


18 


36 


1 


6 


Berenicea . . . 


— 


2 






Pholidopa 


2 








Cellepora 


— 


1 






Platystropliia . . 


— 


6 






Ceramopora . . 


3 


1 






Porambonites 


1 


12 






Ceriopura 


— 


6 






BensselaBria . . 


5 








Chafvmatopora . . 


— 


1 






Betzia . 


2 


9 


1 


1 


Cladopora 


1 


6 


— 


1 


Bhynohonella . . 


69 


103 


2 


8 


Clathropora . . 
Coccoseris 


5 


2 






Bhynchospira 
Sipnonotreta . . 


5 


4 


2 


1 


Diamesopora . . 


1 








Skenidium 


3 








Diastopora 


— 


2 






Spirifera . . . 


39 


66 


2 


5 


Diplastrea . . . 
Diplophyllum 


1 


1 






Bpirigerina . 
Strophodonta . . 


12 


4 






Discopora . . . 


1 — 


3 






Strophomena . 


61 


39 


8 


10 


Disteichia 


, — 


1 






Trematis . . . 


8 


5 


— 


2 


Eschara 


— 


1 






Trematospira . 


11 








Escharina 


— 


1 






Trigonotreta . . 


— 


1 






Fenestella . 


12 


17 


— 


3 


Trimerella 


2 








Glauoonome . 


— 


1 






Triplesia . . . 


6? 


2 






Graptolithus 
Butnograptus . 
CfdlograptuB 
Cladograpsus . 
Climacocraptus . 
Coronoides 


22 

1 
9 


32 


3 


2 


Tropidoleptus 
Zygospira . . . 


1 
2 








A. 


2 








681 


729 


44 


68 


% 


4 
















Dendrograptus . 


\ 8 


1 






LameUibranchiata, 










Dichograptus . 


17 


2 


3 


3 


Dimyaria. 










Dictyoncma 


9 


5 






Ambonychia . 


38 


17 






Didymograpsus 
Dipiograpsus 


6 


8 


5 


4 


Avicula . . . 


48 


36 


1 




18 


19 


7 


4 


Me^mbonia . 


14 








Phvllograptus 
Ptuograptus 
Bastrites 
Betiolites . 
Tetragrapsus . 


5 
2 


2 
4 


2 


2 


Posidonomya . . 
Pterinsea 


1 
19 


3 
51 






6 
1 


4 
2 


— 


1 




120 


107 


1 


1 


. 1 


mt 
















Helopora . 


13 








: 1 








Heteropora . 


— 


3 












Hornera 
Inocaulis . 


1 
1 








These figures represent appearances ; the number of species 

• . _ ^ 


Intricaria . 


1 


1 






IS 155. 






Lichenalia 


1 














Mastopora : 


— 


1 






Monomyaria, \ 


« 






Micropora 


_ ' 


3 






Actinodonta 


, — ^ 


1 






Phsnopora 


4 








Anatina (?) . 


2 


^ n 






Phvllopora 
Polypora . 


"i 


3 
3 






Anodontopsis . 
Area 


! 1 


13 
10 






ProtoTirgularia 
Pteropora . 
Ptilo^ctya . 
Ptylopora . 
Betepora 
Bhabdinopora . 
Bhinopora 


! 28 


1 

2 

19 


2 


4 


Astarte (?) 
Azinus . 
Cardiola 


— 


1 

1 
24 






1 

\ 1 


1 
3 
2 






Cardiomorpha 
CaidiU 
Cardium 
Cleidophorus . 


! 14 


5 
1 
8 
9 

4 M 


1 




Sagonella . 
Svnocladia 


1 








Conooardiiim . 


8 


14 








2 






Ctenodonta 


21 


73 


8 




Tjiamniscus 


, , 


1 






CucuUella 


1 


13 






Trematopora . 


u 


1 






Cypricardia 


9 


14 






Urceopora . 
Yinomaiia 


■"" 


2 
2 






Cypncardmia 
Disteira . 
Dolabra . 
Edmondia . 


6 

! 1 

1 


1 
3 








201 


185 


22 


24 












Eopteria (?) . 
Euchasma . 


3 


















1 








Braehiopoda, 

Aorotreta • • 


2 


1 






Goniophora . 
Grammyiia 


"i 


7 

16 

1 






Athyris . 
Atrypa 


15 
67 


21 
21 


3 


5 


Hippomya 
Ischarima . 


2 


1 






Aulonotreta . 




2 






Isocardia (?) . 


, — 


6 

A 






Camarium . 


! "i 








Lncina 


1 


4 






Camerella 
Chonetes . 
Crania • 


16 


1 






Lunulaoardium 


, >^ 


6 






6 
1 


15 
10 




• 


Lrrodesma 
luitheria 


5 
3 


4 






Cyrtia 
Bucina . 


2 
20 


2 
33 


2 


1 


Menilodon 
Ifooiolopeis . 


64 


2 
57 






Eatonia 


4 








Hyalina 


2 


1 A 






Eichwaldia 


2 








Hytilus . 


1 


12 

9 r 


n 




Leptsena . 
Leptoccelia . 
lingula . 
Lingnlella 


39 


72 


8 


8 


Orthonota . 


13 


55 


1 




7 
67 


3 
42 


5 


8 


PalsBarca 
Psammobia 


46 


11 
4 


14 

1 






9 






Pseudazinus . 


"■" 


1 


1 


1 

3 a 
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Moiwmyaria — continued, 
PyronomoBUS 
Kedonia 
Bibeiiia . 
Tellinites 
Tellinom^ra 
Yanuxemia . 



Pteropoda. 

Bellerophon 

Bucania . 

Coleoprion 

Conularia 

Cyrtolites . 

Cyrtotheca 

Ecculiomphalus 

Lonchidium 

Maclurea 

Pterotheca 

Salterella 

SteDotheca 

Theca . 



OoiUropoda, 

Acroculia . 
Cal]^trcea 
Carinaropsis 
Gerithium 
Ghemnitzia (?) 
Ghiton . 
Cirrus 
Gleodora 
Glioderma . 
Glisiospira 
Gyclonema 
Delphinula (?) 
Dentalium 
Eunema . 
Euomphalus 
Gyrotrema 
Helicotoma 
Holopea . 
Holopella . 
Hormotoma . 
Littorina . 
Loxonema 
Macrocheilus 
Metoptoma . 
Murcnisonia 
Natioa . 
T^aticella . 
Ophileta 
Patella . 
Phasianella . 
Pilidion . 
Platychisma . 
Platyo8toma 
Pleurotomari.i 
Porcellia . 
Raphistoma . 
RotcUa . 
Scalites . 
Scoliostoma 
SiphoiiUria 
Stomatella 
Straparollina . 
StraparoUu8 
StrO|ino8tyIus . 
Subulites . 
Trochonema . 
Trochus . 
Tubina . 
Turbo 
Turritella 
YennetuB . 



o 
o 

e 



1 

2 

21 
3 



2?5 



29 
16 

10 
6 
6 
8 

21 
2 
3 



106 



53 
6 



1 

6 

2 

31 



8 
13 

19 
21 



20 
2 

26 

127 

1 

19 
1 



2 

15 

152 

3 

18 



1 
8 
6 
19 
8 



596 



g 



11 
6 
1 

1 



395 



50 

2 

24 

4 

8 

3 

3 

12 

5 

1 

1 

34 



147 



75 
2 

2 

2 
7 
2 



24 
7 
4 
2 
103 
5 
1 

15 
20 

'2 

11 

2 

3 

66 

26 

5 

4 

10 

3 

8 

m 

5 

21 

6 

1 

\ 
1 
1 



10 

7 
23 

7 

43 

12 

2 



636 



S 



5?5 



1 
1 

2 
3 
1 
2 



4 
2 
1 



2 

1 



29 



§ 

s 

o 



Cephalopoda. 

Actinocerns 



2 
1 



3 



15 



These figoies represent appearances ; the species number 994 
in all. 



Ascocerns . 

Apbragmatitcs 

Glosfloccras 

Bactrites 

Bathmoceras 

Cameroceras 

Clym^nia . 

Cochlioceras 

Cycloceras . 

Cyrtoceraa 

Cyrtocerina 

Dictyoceras 

Disco^urus 

Endooeras 

Gomphoceras 

Goniatit«8 

Gonioceraa 

Gyroceras 

deloceras . 

Hemiceras 

Hercoceraa 

Lituites . 

NautUus . 

Nothoceras 

Oncoceras . 

Crthoceras 

Phragmoceras 

Piloceras 

Streptoceras 

Trematoceras 

Tretoceras. 

Troohoceras 

Trocholites 



C8 



27 
4 



60 
2 

3 

30 



7 
2 



19 
11 

19 

229 

5 

7 

2 



2 
3 



439 



«> 
& 



PM 



8 

15 

2 

2 

2 

2 

1 

6 

2 

18 

2dl 

1 

14 

^8 

17 
8 

i 

3 
2 
42 
9 
2 

657 

1 






6 



1269 



2 
1 



10 



16 



§ 
S 

i 



I 

The %are8 for the above class indicate appe^irances ; the 
number of species is 1419. 



Yertbbrata. 








1 


Pisces, 










Asterolepis 


— 


1 






Auchenaspis . . 


— 


t 






Cephalaspis . 


— 


6 


, 




CoccosteuB . . 


— 


' 2 






Ctenacanthus . 


_ 


2 






Dendrodus. . . 


^_ 


1 






Dipterua 


— 


1 






Glyptolopifl . . 
Gompbolepis . 


z 


1 
I 






Leptocephalus . . 


— < 


3 






Macropetalichthys. . 


— 


\ 






Odontolodus . . 


— 






Onchus . 


•^ 


2 






I^ectrodu8 . . 


— 


2 






Pteraspis 
Sclerouus . . . 


_ 


4 






.—m. 


2 






SphagoduB 
Tnelodus . . . 


— 


1 

1 






Tollipeltis . 


• 


1 


. 






• 


34 


', ' 






i 


: 

1 



In order to test how far these lists indicate geographical 
regions, we will analyze one group, viz., the Actinoaoa, This, 
however, can only be done in a rough way, relying mainly 
upon some tables drawn up from Dr. Bigsby's work, which 
indicate the geographical distribution of the species during the 
lower, middle, and upper Silurian periods.. From these tables, 
which would be far too lengthy to insert here, we at once per- 
ceive that by far the larger proportion of the fossils have been 
collected from the east sioe of North America, between 35° 
and 60° N. lat., and from Europe between 45° and 70° N. lat 
The whole of both areas comprises only a small portion of that 
which was covered by the Silurian seas, so that as yet we 
cannot ex{)ect to obtain much insight into the geographical areas 
of this period, if there were any. Only eight species are known 
from ot^er localities than above indicated, a number quite insuflfi- 
cient to place much reliance on for indications as to general 
conclusions. In America the species of the lower Silurian 
period have been obtained for the most part alon^ a broad band 



\ 
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from Tennessee and Missouri on the S.W., to Anticosti Island 
and Nova Scotia on the N.E. The Tennessee species are eight 
in number, viz. : — 

Streptelaamaprofundum. 
Columnaria BkinTilli. 
C. stellata. 
ChsDtetes columuaris. 
C. lycoperdon. 
C. petropolitana. 
Favistella alv^olata. 

F. stelluta. 

They represent the families OyathophyUvdas, Thedidfe (Aid 
FavositxacR, One species, Colwmna^ria stetlata, is known fh)iii 
Tennessee only ; another, Chatetes columnartSy ranges into New 
York; Streptelasifna profundum occurs in Michigan, New York, 
and Canada. Favistella cUveolata ranges into Canada and the 
Hudson Bay Territory; Columnaria ilainvilli has nearly the 
same ranse as the last species ; Chcetetes lycoperdon spreads over 
a somewnat lai^er area, occurring in Missouri on tne west, in 
Michigan and Canada on the north, and in Virginia and New 
York on the east Chcetetes petropolitana has a wider itltige than 
any occurring in Kentuckv, Ohio, Canada, Norway, Sweden, 
Ireland, Wales, Prussia, and Russia. 

In New York the lower Silurian species are 22 in number, 
viz.: — 

Streptelaama orassum. 
8. expansum. 
8. multilamcUatiim. 
8. panrulum. 
6. profiindum. 
8tauria astneafonnis. 
Columnaria Blainvilli. 
C* sulcata. 

Halysites catehulatus. 
GhsBtetea lycoperdon. 

G. columnarifl. 
C. two sp. undet. 
ConBtellaria antheloidea. 
Favosites Hisingeri. 
Heliolites yetusta. 
protarea Tetusta. 
DiBCQphyllum peltatuin. 
FayiBtella stellata. 

8tenopora fibrosa, Tar. lycoperdoh. 
Stellipora antheloidea. 
Diplophyllum sp. 

In this list there are representatives of the families O^aj^- 
pkyllid(B, Stauriidcey Theciida. Favoeitidce, and Poritid<e, The 
species not known beyond the sta^te are Streptelasma crassumj 
S. expanevm, S. muUilamdlatumy S. parvuluniy Stauria astrcBa- 
formis, ChceteteSy two undetermined species, Heliolites vettuta, 
and IHscophyUum peUatum, or nine in all. Chcetetes riigosa ana 
Diplophyuimi sp. range to Ohio; Constellaria antheloidea to 
IndiaJia ; Stellipora antheloidea to the Upper Mississippi ; Colum' 
naria sulcata to Canada ; C. Blainvilli and FavisteUa stellata to 
Tennessee and Canada; Chatetes lycoperdon to Missouri and 
Canada; Favosites Hisingeri to Pennsylvania on the one hand 
and the Hudson Bay Territory on the other ; Protarea vetusta and 
Strepklamna profundum to Indiana, Michigahjand Canada ; 
Stenopora fibrosa var. lycoperdon to Wales and Westmoreland ; 
and ncUysites catenulatiu to Canada, the British Isles, and Russia. 

In Canada 50 species have been recorded, viz. : — 



Strel 
Zapnrentis af 




rofundum. 
ms. 



Z. Dellistriata. 
Z. bilateralis. 
Z. canadensis. 
Columnaria alveolata. 
C. BlainriUi. 
C. erratica. 
C. incerta. 
C. GoldfuBsi. 
C. panra. 
C. rinda. 
C. sulcata. 

Halysites catenulatus. 
ChsBtetes lycoperdon. 
C. petropoutana. 
Dania huronense. 
Labeehia dendrosa. 
FaTOsites fibrosa. 
F. prolifieus. 
F. Hisingeri. 
F. faTota. 

Reunites megastoma. 
ProporA tubnlata. 
P^oterea vettista. 



Bolboporitcs anlericana. 

CalopcBcia canadensis. 

C. huronensis. 

Favistella alveolata. 

F. stellata. 

F. favosa. 

NebuUpora dendrosa. 

K. petropolitana. 

Paladopbyllum mgosum. 

Petraia aperta. 

P. comiculum. 

P. angulata. 

P. ottowaensis. 

P. profunda. 

P. rustica. 

P. sulcata. 

Stenopora adhsBrenrt. 

8. huronensis. 

8. concava. 

8. fibrosa. 

8. f. var. lycoperdon. 

8. globosa. 

8. Inammillata. 

8. patula. 

p. petropolitana. 

d. papillata. 

The families represented are CyathophyUidce, Iheciidce, Favod- 
tido!, and PorUidas. 

The WeUh species are 25 in number, and are named as 
foUowd : — 

Cyathophyllum turbinatum. 

Omphyma turbinatum. 

Thacia petaliformis. 

Halysites catenulatus. 

H. polymprpha. 

Ghsetetes petropolitana. 

Favosites aspera. 

F. alveolarifl. 

F. gothlandica. 

F. multipora. 

Heliolites megastoma. 

H. tubulatus. 

H. petaliformis. 

H. mteratinctus. 

H. inordlnatus. 

Favistella alveolaris. 

Nebulipora explanata. 

K. fiavulosa. 

K. f., var. lens. 

Petraia aB^quisulcata. 

P. uniseriaUs. 

P. u., var. gracilis. 

P. rugosa. 

P. subdupUcata, var. crenulatus. 

P. elongata. 

8tenopora fibrosa. 

8. f., var. lycoperdon. 

8. regularis. 

These belong for the most part to the same families as the 
American species. Comparing it with the Canadian Ust, it 
appears that there are IB genera in Canada^ and 11 in Wales; 
that 8 of the genera have representatives m both areas ; so 
that there are 10 Canadian genera which do not occur in Wales, 
and 3 Welsh genera which have not been recorded in Canada. 
The number of species common to Canada and Wales is 4. 

The Russian species number 45; viz. : — 

Cystiphyllum excavatum. 
0. obtiquum. 

Cyathophyllum flexuosum. 
Omphyma subturbinatuiu. 
Zaplirentis dilatata. 
^alysite8 approxiiliata. ' 
H. catenulatus. 
Thecia confluens. 
Ooenites laciniatus. 
Chsetctes petropolitana. 
C. heterosolen. 
0. Panderi. 
Favosites polymorphn. 
F. alveolariii. 
F. patellaria. 
F. reticulata. 
Alveolites annuUtus. 
A. apiculatus. 
A. hemisphsrious. 
A. pyriformis. 
A. repens. 

Heliolites interstiiiotus. 
H. maorostylus. 
H. megastoma. 
Propora tabulata. 
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PalflBocyclus FletcbcrL 
P. mitreola. 
Bolboporites mitndiii. 
B. ■emi^lobosus. 
B. stellifer. 
B. trian^olazia. 
B. uncinatus. 
Dianulites detritus. 
D. fattig:iatii8. 
Myriolites futigiatus. 
Nebulipora OYulum. 
Orbipora distmcta. 
0. fimgifonnia. 
Aftrocerium reticulatum. 
Sarcinula organum. 
Stenopora fibrosa. 
Syringophyllmn organon. 
Syringopora intricata. 
8. oonglomerata. 
S. dichotoma. 

In this area there are 23 genera, of which eight are represented 
in Canada, and nine are represented in Wales. Of the species, 
five also occur in Canada, and six in Wales. Considering the 
position of the areas whicn we have been dealing with, the facts 
do not indicate so great a uniformity of the Silurian fauna as is 
usually supj)osed. The majority of the species have ranges 
quite as restricted as those of the present day ; and even in the 
northern hemisphere the most ot the genera do not range all 
round the globe. Some of the genera no doubt occur ^most 
everywhere ; but examples of a similar kind are not wanting 
amongst modem genera, although it is to be noticed the majority 
of living species nourish in low latitudes. 

In the following table we have incorporated the list of Cana- 
dian, Welsh, and Russian species of the middle and upper 
Silurian periods ; to which is added the upper Silurian forms of 
Staffordshire : — 



Acerviilaria ananas . 

A. antiqua . . . 

A. luxurians 

Alveolites Grayi 

A. Labechei . . 

A. repens 

A. serrato-poroides 

Amplexus cingulatus 

A. laxatus 

Aracbnopbyllum typus . 

Astrocenum mitratum 

A. reticulatum . 

Campophyllum flexuosum . 

Calopcecia anticostensis 

Callopora sp. . 

Cbsetetes aiTeolaris . 

C. Bowerbankii . . 

C. columnaris . 

C. Fletoheri 

C. hemisphflerica 

C. pulchella 

ChoDopbyllum Belli 

Cladopora csespitosum 

C. multipora . 

C. seriata .... 

Clatbropora frondosa 

Clisiopbyllum buceros 

G. cristatum • . 

C. eminens • 

C. Hisingeri . 

Goenites olathrata 

G. fiructuosa . 

C. intertextus . 

G. iuniperinus 

G.labrosuB 

G. laminata . 

G. linearis 

G. nodulosus . 

G. strigatus 

Columnaria Blainvilli 

G. galtensis 

G. sulcata . 

Gyathophyllum anticostiense 

G. articulatum . 

G. coralligerum 

G. Eriphyle • 



Mid-Silurian. 



i 



s 



• 
• 



Upper Silurian. 
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« 
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Gyathophyllum Euryone 

G. flexuosum . • 

G. interuptum . 

G. LoTeni 

G. nymphale 

G. Pasithea . 

G. Pennanti 

G. pelaHoum . . . 

G. pileoius . 

G. recunrum , . . 

G. Shumardi 

G. solitarium . 

G. turbinatum . 

G. truncatum . 

G. Wahlenbergii 

Gylindripora serpuloides . 

G. tubus . 

Gystiphyllum cylindricum 

G. excavatum . 

G. buronense . 

G. impunctum . . 

G. maritimum . . 

G. siluriense 

Diplophyllum flexuosum 

D. irregularis . 

Eridopbyllum Yennorl . 

Fayistella alTeolaiis . 

Favosites alveolarii 

F. a. var. multipora . 

F. aspera 

F. capax . 

F. constricta . 

F. cristata 

F. fayoaa . 

F. Forbesii 

F. gothlandica 

F. Hisingeri 

F. lycop^rdon 

F. multipora 

F. polymorpba 

F. prolifious . 

F. ramosa 

F. reticulata 

Goniopbyllum Fietcheri 

6. mrramidale . 

Halysites catenulatus 

H. communicans 

H. exilis . . • 

H. labyrinthica . . 

HeUohtes elegans . 

H. faTosus . 

H. interstinctus 

H. megastoma . 

H. microporus 

H. Murcnisoiii . 

H. petaliformis 

H. porosus . 

H. pyriformis . 

H. sparsus . 

H. speciosus . 

H. spinipora 

H. tenuis 

H. tubulatus 

Helopora armata 

H. bellula . 

H. Girce 

H. concaya . . 

H. fragilis 

H. formosa 

H. irregularis 

§. lineata . 
. lineopora . 
H. nodosa . 
H. striatopora. 
H. strigosa. 
H. varipora 
Labechia conferta 
L. radula 
L. Stembergii . 
Laceripora cribrosa 
lithostrotion antiquum 
Lonsdalia wenlockensis . 
Lyellia americana . 
Bullepora repens . . 
Nebulipora ovulum • 
N. papdlata 
Omphjrma canina • 
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Omphjnui congregata 

0. ai8cu8 

0. Dmminondi . 

0. fa8tig:ifltum 

0. Murchiftoni . 

0. Beptigerum 

0. BUDturbinatum 

0. turbinatum 

0. yerruoosa 

Pachyphyllum gibbcrosuin 

Palieocjclus FUtclicri 

P. porpita 



P. pneocutuB 

P. ni^us 

Petxaia bina 

P. calicula 

P. elongata 

P. latUBCula 

P. pulcbella 

P. py^sea 

P. reticulata 

P. rugofla 

P. selecta . 

P. subduplicata 

P. 8., yar. crenulata . 

P. uniflerialis . 

P. u., yar. gracilis 

Plasmopora petalifonnis 

P. sciU . 

Propora conferta 

P. tubulata 

Ptychophylliim canadeusc 

P. patellatum 

P. Stokesii 

Sarcinula organum 

Stauria astrflsaformis 

Stenopora bulboea 

8. fibrosa 

8. f., yar. iDcnutans 

8. f., yar. ramulosa 

Strephodes pseudocei'atltcs 

8. trochifonnis 

8. sp. 



Striatopora floxuosa 

Stromoodes difilucua . 

8. eximius 

8. sracilis . 

8. Labechei . 

8. Murchisoni . 

8. pentagonus 

8. striatus . . 

6. wenlockensis 

Syringophyllum organon 

8yringopora bifurcata 

8. csespitosa . 

8. cancellata . 

8. compacta 

8. conglomerata 

8. Dalmanni 

8. elegans 

8. fascicularis 

8. intricata 

8. LyelU . 

8. rei>ens 

8. retiformis 

8. serpens 

8. serpuloides 

8. tenuissima 

8. tubus . 

6. yerticiUata 

8. sp. . 

S.sp. 



Theda approximata 
T. caulioiuus . 
T. exi>atiata 
T. 8wiiidemana 
Zaphreiitis aflSms 
Z. oellistriata . 
Z. Bigsbyi . 
Z. bilateralis . 
Z. cinctosa. 
Z. denticulata 
Z. Marcoui 
Z. omata 
Z. patens . 
Z. Stokesi 
Z. tenuilamellata 
Z. turbinata . 
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SINAPIS [E. C. vol. iv. col. 786]. The common charlock is 
named Sinapis arvensiSf and is a common weed in Western 
Europe. In France the oil obtained from it is used for burning 
in lamps, and the leaves are frequently given to cattle. In this 
country, we believe, it is not utilised, although it might be 
rendered a serviceable plant by careful cultivation. 

SPECIES. The first question which is suggested in thinking 
of this subject is, What is a species ? This question has been 
variously answered by the most eminent students of living 
forms. The generally accepted definition is that all those indi- 
viduals constitute a species which have descended genetically from 
one individual, or from two individuals, or from several pairs, 
which first parents presented amongst themselves diiferences of 
the same kind and amount as occur amongst their descendants. 
Such a definition is manifestly hypothetical, and, like all such 
definitions, its validity must be tested experimentally. The 
most important test is the physiological. According to it those 
groups are specifically identical which are fertile or self-per- 
petuative : while they are specifically different if their imions 
are sterile beyond a few generations. Another kind of test is 
Imsed upon differences of structure and external characters, 
and is the one almost exclusively resorted to by zoologists, 
especially by those who are most celebrated as discoverers oinew 
species. If one watches the biological literature as it issues, and 
studies the descriptions of thousands of new species which 
appear annually, he is forcibly struck with the general non- 
manifestation of the employment of general principles in the 
determination of species. So much seems to depend upon rules 
formed in the course of the individual's ovm investigation, that 
we strongly suspect that, were half a dozen naturalists, who had 
been in tne habit of working independently, set to draw up 
descriptive lists of the species in half a dozen different col- 
lections of animals of the same class, not one-third of the 
descriptions of the species common to sdl would tally. If our 
opinions are correct^ it is highly important to bear in mind 
tnat the species of books are very variable in value, not always 
strictly comparable with one another, and not equivalent with 
the species as defined by nature. This ambiguity is one of the 
weakest points in biological science, and detracts from the value 
of every list and table. The difference of value depends upon 
a multitude of circumstances far too numerous for specification 
here. There are errors of observation, and there are errors of 
judgment, but the latter are far more numerous than the former. 
Supposing there to be no error, and that the specific names are 
accepted as valid, our knowledge of the species may vary greatly 
in extent. Sometimes, and far too frecjuently, it consists of a 
single individual, or only of a portion of one, while in others, 
and such cases are very &w, it relates to thousands of individuals 
which have been carefully observed for a greater or less portion 
of their lives, and have been minutely examined after their 
death. 

In order to obtain as clear an idea as possible of the nature of 
species, it is necessary to follow out a series of systematic 
researcnes. The species, whatever definition be adopted for it, is 
unquestionably formed of several elements, of which the most 
important are cells, oi^ns, individuals, and varieties ; each of 
which ought to be subjected to investigation. The former two 
pertain more particularly to physiology, and will not be noticed 
here, but a reference may oe made to Cells, E. C. S., and 
Panqenesis, E. C. S., for some particulars relating to the first- 
mentioned element In the case of the individual it is requisite 
to trace it through all its modifications, to compare in what 
respects the modifications of individuals are identical or dis- 
similar, and to ascertain, first, what are the efficient causes which 
produce the differences, and, next, how far circumstances may be 
altered without inducing change in the organism. After atten- 
tion has been given to tne individuals, attempts should be made 
to arrange them into groups according to the extent of the com- 
munity of characters. Such groups are called strains, breeds, 
races, varieties, and species ; and thence we ascend to laiger 
groups, such as genera, funilies, orders, &c 

In the case of the individual there are a few prominent 
features which may be noticed here. No individual is abso- 
lutely the same from birth to death. The rapidity, extent, and 
complexity of change varies, but as a rule all are greatest in the 
most specialized forms. Every individual commences as a very 
simple organism, and the changes follow one another in a definite 
order and are evolved gradually. We ought to give a predse 
definition of what we mean by gradually, but it is almost 
impracticable to do so, since this and other terms used to express 
the same thing are purely relative. We mean by it a continuous 
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eVcdution, but the rate and line of evolution may differ. In the 
case of man there are few persons who would dispute the asser- 
tion that the development of the adult from the infant takes 
place gradually, step d^ step, and not per saltum, or a great leap. 
And yet if the developinent were traced out with great ininute- 
ness of detail by a b«ing whose idea of time was referred to 
standards very much less than our own, there would be apparent 
sudden changes answering to what some observers Would call 
cataclysmal. In the ovum there occUr but a few kinds of cells, 
and n a human individual Were to develope as slowly as species 
are siipposed to do by some, the same objections would apply to 
the idea that an egg became a man as are raised against the 
evolution of species by descent with modification. In the 
individual we ^e entirely new kinds of cells and organs, of 
which not the slightest traces are to be detected in the ovum. 
There are no traces whatever of the digestive system, of the 
heart, of the complicated organ of vision, and many other parts, 
in the ovum ; ana yet we know that these parts appear in the 
individixal by a gradual process of evolution. 

When we compare individual with individual we observe that 
in those which are most nearly allied the changes vary to a cer- 
tain extent, sometimes very slightly, that the main phenomena 
mainly depend upon the character of the parents, while the 
trifling divergencies are for the most part due to the conditions 
under which the individuals are living. As our inquiries 
extend we perceive that the progeny of a parent go through 
almost the same phases as it did, or in other words, that like begets 
like. This last phrase should not be understood in its absolute 
sense^ but as implying that the parent begets youn^ which re- 
semble it in most points, not in all. The details in whica the young 
differ from the parents belong to several cate^ries. Thus some 
are peculiarities which did not appear in the j)arents, but in 
some antecedent progenitor ; while others are induced by the 
circumstances of me, such as food^ de^e and kind of exercise, 
and a multitude of similar modifjnng influences. In all species 
the number of ova formed is immensely greater than the number 
of procreative individuals developed ; and the same i^mark 
applies to the fertilised ova, the embryo, and the progeny. It 
would be imjpossible for all to live and thrive, and hence the 
proportion oi germs which die before arriving at maturity is 
surprisingly lar^. As the few live while the most die, it is clear 
that the &w which thrive must have some advantage over the 
othei^. This advantage is a greater fitness for the conditions to 
whidi it is Subjected, and as the rate of pbssible increase is far 
greater than the actual rate of increase, each individual has what 
Darwin terms a struggle for eiistence, those which survive being 
the fittest to do so. The preservation of certain individuals and 
the destruction of others is termed Natural Selection, a term 
which has been objected to by many, but, as we conceive, with 
little reason. It is the result of the operation of several natural 
laws which have been framed by the Great Lawgiver, and if the 
term is spoken of as actually producing those results, the phrase 
must be accepted in the metapnorical sense, and not as implying 
that there is any deified agent called Natural Selection. The 
same use of phrases repeatedly occurs in the literature of the 
arts and sciences without any objection being made. For in- 
stance^ certain iron ores are crushed to fine powder, the powder 
is made to slide down an incline beneath an electro-ma^et ; an 
electric euri^nt is passed through the iron bars^ in which state 
they are able to picK out or select the particles of magnetic iron 
frtnn the gangue with which it was associated. Who would 
suppose, that, when we say the magnet selects the magnetic iron 
cbmpoUnd, We mean it acts otherwise than in ol]^dience to 
certain laws framed by the Deity ? 

So far we have enumerated the general principles which are 
acquiesced in by most naturalists, viz., that individuals undergo 
change, produce other individuals which more or less closely 
resemble themsdves, that all which commence existence do not 
arrive at maturity, that the few are selected while the most are 
rejebted, and that the fittest survive. Beyond this we come upon 
disputable ground. According to some, species are immutable, 
that is. the amount of variation which it presents is unalterable 
from the first to the last moment of the existence of the species. 
Othen believe that the variation ma^ increase. In the opinion 
of one set of thinker^ the extent is very slight ; in that of 
another set considerable, and in that of certain others almost 
indefinite. The investigation of the amount of variation ad- 
misaible in a species is ^endei'ed exceedingly difiicult owing 
partlv to the ihcoiiclnsive nature of manv oi the experiments 
which man is able to carry out, and partly to the obstruction 
caused by the received definition of species not b^ing based upon 



actual observation. If it be assumed that two distinct species 
cannot produce fertile offisprin^, and an inauirer attempts to 
show the fallacy of the definition by actually forming fertile 
offspring from two groups 6f creatures with different specific 
names, ne is at once met with the reply that his experiments 
demonstrate that the two groups really belong to the same 
species. If, however, it could be shown that tne two groups 
are two distinct species, the received definitions would fall to the 
ground. The wnole subject, then, is one of immense dif&cultjr, 
and therefore, as well as on account of want of space, we refram 
from entering into the many interesting questions which the 
subject suggests. When writing thie article PALiEONTOLOGY, 
E. C. S., it was our intention to enter fully into the discussion 
of the variation of species, but this also must be dismissed with 
brief notice. Natural Selection itself has little or no influence 
in inducing variation : all it does is to select certain variations 
in preference to others. The slightest variation is generally 
sufiicieut, but it may happen that the variation selected is of 
considerable divergence and has arisen suddenly. Cases of this 
kind have been frequently recorded. One of me most remark- 
able is the black-snouldered peacock. The common peacock 
presents slight variations as compared with pther domesti- 
cated animals, but several instances are on record of the ap- 
pearance of a form which differs so greatly from the ordinary 
kind that a celebrated ornithologist declared it to be a distinct 
species. The circumstances under which it has always originated 
leave little doubt that it is really a variety of the common pea- 
cock. If so, it would be referred to by many as an excellent 
illustration of the occasional appearance of an individual which 
differs considerably, and is without intermediate links from its 
nearest allies. Tne case is unquestionably one not easy to solve ; 
but it is possible that the black-shouldered peacock is a reversioh 
to some long antecedent ancestor. Most of the illustrations 
of sudden change are certainly cases of reversion ; but these 
cannot be looked upon as abrupt leaps in the evolution of the 
species, since the onginal form acquired its character gradually. 
In the case of many domestic breeds differences of considerable 
amount have been produced within the historic period, and iii 
not a few cases within the last few centuries. For instance, a 
wild gooseberry weighs about 6 dwts., and is seldom much above 
this. In 1786 cultivated gooseberries were obtained weighing 
10 dwts. ; in 1817 26 dwts. 17 grains were recorded, and up to 
a recent period the maximum attained was 37 dwts. 7 grains. 
We coula mention many other cases belonging both to domesti- 
cated and to wild species, indicating that so long as the condi- 
tions are uniform the variation is bmited ; but when the condi- 
tions are altered the range of variation is altered. At times 
species certainly change at a much greater rate than jbxsbq^^ P^^ 
annually; and probably the dverage rate in the living world is 
much greater tnan this. 

Those who wish for detailed discussion on the questiottd con- 
nected with species should consult Darwin's work * On the Origin 
of Species,' and the numerous papers written by him since 1858, 
but more particularly his latest work, entitled 'Animals and 
Plants under Domestication.' Lamarck was one of the best and 
earliest thinkers on the subject His views were firat published 
in 1801 ; more fully in 1809, in his * Philosophie Zoologie ;' and 
lastly in his * Hist. Nat. des Animaux sans Vertebres,' tome i. 
Other writera on the subject are, Geoffroy St. Hilaire, Wells, 
Herbert, Grant, Matthew, Von Buch, Rafinesque, Haldeman, 
d'Halloy, Owen, Isidore Geoffroy St. Hilaire, Freke, Herbert 
Spencer, Naudin, Keyserling, Schaafhausen, Lecoq, Baden 
Powell, Wallace, Von ]Baer, Huxley, Hooker, Carpenter, Dana, 
Parsons, Phillips, Agassiz, Clapa^de, Pelzeln, LyelL Bates, 
Murray, Fee, King, Kolliker, Blanford, Flourens, Walsh, Duke 
of Argyle, Faivre, Laugel, Quatrefages, and many more. 

SPHENODON. A brief allusion to this remarkable genus 
occurs in the article Draconin^, ]fi. C. vol. iL coL 388, where, 
however, it is mentioned under its synonym Uatteruji, The 
genus is also alluded to under Htperodapedon, E. O. S. 
KhtfnchocephcUus is another of the appellations which have been 
applied to it. The genus consists of but one speciesj which 
exists in New Zealand, and although it was at one time abun- 
dant, its numbers are being rapidly thinned. It was firsi intro- 
duced to the notice of the scientific world towards the end ot the 
last century by Cook and Anderson, since which it ho^ been 
occasion^dly spoken of. Dieffenbach describes the ' tuattra^ as 
HatUria punctata is called by the natives, as living on rocky 
idets, and frequenting holes in the sand or amongst the stones. 
Of late years it has become the favourite food of the pig, and as 
it is also eaten by man, it will probably soon be extingidshed. 
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A live specimen was acquired by the Zoological Society in 
1868. 

The only species of Sphenodon known has usually been placed 
in the family Agamiday but it diflfers from it in so many important 
respects, and indeed from every other family, that Dr. Qiinther 
has recently proposed to fonn a new order to recuive it These 
peculiarities will be found detailed in Dr. Gunther's paper cited 
oelow ; but we may refer to a few of them here. The mode of ar- 
ticulation of the lower jaw is very remarkable, and has, we believe, 
been met with in no other lizard. In lizards the quadrate and 
pterygoid are united by a joint which allows of considerable 
vertical movement in the lower jaw, but in the Splunodon they 
are immovably connected by a sutural union. The two rami of 
the lower jaw are not connected by bone at the symphysis, but 
this part is formed by a fibrous tissue which allows of the two 
rami beinc laterally separated and then ap|)roximated to a small 
degree. The lower jaw is so connected with the condyles that 
these can play in a depression, and permit of the lower jaw being 
worked backwwds and forwarda In connection with mis struc- 
ture of the lower jaw is an extraordinary type of dentition, which 
is as yet unique in the living world, but has its prototype in the 
dentition of the Rhynchosaurut and HyperodapMon, The teeth 
are andiylosed with the alveolar margin, and are hence of the 
acrodont kind. In the upper jaw the teeth are placed in two 
rows on each side, one on the margin of the jyalatme bone, and 
the other on the maxillary bone, the two being so closely con- 
tiguous that only a narrow groove is left between them. In the 
lower jaw there is one row only on each side. All the rows of 
teeth form good cutting and sawing machines. The lower rows 
of teeth fit mto the two grooves of the upper jaw, and as the 
lower jaw can be worked backwards and forwards, and the two 
rami are approximated when the jaw shuts, it may be conjectured 
that the dentition must be admirably adapted for cuttmg and 
sawing. 

The muscular system also has its peculiarities, and it would 
seem that the abdominal muscles are so developed as to mate- 
rially assist the animal in worming its way through narrow pas- 
sages, and the. addition of imbricated ventral scales implies that 
the latter are used in some way to assist progression. The fol- 
lowing remarks from Dr. GUnther will indicate some of the 
points in which Sphenodon diflfers from other saurians, and the 
views which that authority holds as to the systematic position 
of the genus. The possession of amphicoelian vertebrae is shared 
by it and the Geckotida, but by no otner recent saurian. The ribs 
have appendages precisely smiilar in position to the uncinate 
processes in birds, and portions of the ribs are modified into 
Droad plates for the attachment of abdominal muscles. There is 
a system of abdominal ribs diflferent from the floating ribs of 
crocodiles, and from the continuation of true ribs which occur in 
the chamaeleon. The coracoid is not notched, the scaiiula has an 
acromial tuberosity, and the os ilium has a subvertical direction; 
all which features are striking deviations from the lacertian type. 
There is no pecten or falciform process in the optic lens ; and 
there is no tympanic cavity. Tne cochlea is more developed 
than in other lizards, showing the commencement of the spiral 
turns. The heart, the organs of respiration and digestion, and 
most of the other systems conform more or less closely to the 
lacertian type. " There can be no doubt that Hatteria must be 
removed from the family of Agamida, and that it is the type of a 
distinct group; but the question is whether this group should be 
subordinated to the Saurians as a distinct lamily like the 
Agamidas, Iguanidce, &c., or whether the characters pointed out 
are deemed of suflficient importance to assign to it a more distant 
position from the other hzards. In a system founded upon 
external characters only, the former course would be taken, and 
a family Haiteriida would be placed near the Agamida, with 
which it agrees in the majority of its external characters. How- 
ever, there is scarcely a systematist of the present day who does 
not pay more or less attention to anatomical characters in estab- 
lishing the higher divisions. Thus Dr. Gray admits into the 
diagnosis of his section S(pMmata (lizards and ophidians) the 
articulation of the tympa,nic to the skulL and the paired copu- 
latory organs as principal characters by which it is distinguished 
from the second section, Gataphracta (= tortoises and crocodilians 
+ amphisbaenians). The division proposed by Stannius into 
Streptostylica (= snakes and lizards + amphisbaEfnians), and 
Mmimosiylka (tortoises + crocodilians), is founded essentially 
on the same characters as that of Gray. Haiteria would not 
enter any of the divisions defined in these two systOTos. Professor 
Owen refers the recent reptiles to four co-ordinate orders, Gkelonia, 
LacertUia, Ophidia, and Orocodilia. Hatteria would probably 



enter the second, inasmuch as the character of ' procoQlian v«r- 
tebrss ' assigned to this order is the only one by which Hatteria 
would be excluded; but the Geckos, which are lacertilians in 
Professor Owen's system, also have amphicoelian vertebras. In 
the Crocodiliay likewise, this is not considered an ordinal charac- 
ter, but is used for the distinction of the suborders. In these 
three systems the crocodiles are removed from the lizards into a 
distinct order or section, on the ground of osteolosical characters 
as well as on account of the higher organisation of the soft parts. 
Now, in Hatteria the modifications of the lacertian skSeton 
extend to the same parts as in the crocodiles (except the anterior 
ribs and thoracic sternum), although they are firequently of a 
different nature ; and the repetition of lacertian characters in its 
soft organs is in some measure counterbalanced by the absence of 
copulatory organs. Therefore we cannot hesitate to claim for it 
a rank higher than that of a family. The presence of a double bar 
across the temporal region, the intimate an<^ firm connection of 
the OS quadratum with the skull and pterygoids, the erect ilium, 
and the uncinate processes of the ribs, are characters by which 
a tendency towards the crocodilians is manifested ; but here the 
resemblance ceases, and the afl&nities of Hatteria with the lizard 
are far more numerous and of greater importance. I need only 
mention the structure of the heart, of the organs of respiration 
and digestion, the absence of a diaphragm and of peritoneal 
canals, the transverse anal cleft, the absence of an external ear, 
the fr^ tongue, &c Yet were we to associate it with the lizards 
in one group, the unity of this group would be entirely destroyed. 
I propose, therefore, the following modification oi Stanmus'a 
division of recent Reptilia^ adding a few of the characters which 
appear to be of special importance in the determination of the 
canities of HatteriaJ* 

I. — Squamat^. 

Anal cleft transverse ; copulatory organs paired, if present ; 
all the ribs single headed ; sacral vertebras two or none. 

Order 1. Oj£idia^ — Quadrate bone articulated to the skull ; 
brain capsule entirely osseous ; rami of the mandible united by 
ligament; copulatory oig;ans present 

Order 2. LacertUia. — Quadrate bone articulated to the skull ; 
parts of the ali- and orbito-sphenoid regions fibro-cartilaginous ; 
rami of the mandible united oy suture ; temporal region without 
or with only one horizontal bar ; copulatory organs present. 

Order 3. Rhynchocephalia, — Quadrate bone suturally and im- 
movably united with the skull and pterygoid ; parts of the ali- 
and orbito-sphenoid regions fibro-cartilaginous; rami of the 
mandible umted by a short fibrous ligament ; temporal region 
with two horizontal bars; vertebras amphicoelian; copulatpry 
organs none. 

XL — LOBICATA. 

Order 4. Orocodilia. — Quadrate bone suturally united with the 
skull ; parts of the ali- and orbito-sphenoid regions fibro-cartila- 

finous ; rami of the mandible united by suture ; choanae formed 
y pterygoid and palatine bones. 

III. — Oataphraotjl 

Anal cleft longitudinal ; copulatory organ simple ; trunk rib^ 
and sternum dilated, more or less completely united by suture. 

Order 6. Chelonia, 

(Giinther, PhiL Trans, vol. clvii pp. 695—630.) 

SPONGIADiE [E. C. vol. iv. col. 879—881], During the past 
few years our knowledge of this group has been much extended 
by the researches of Bowerbank, Carter, Lieberkiihn, and others ; 
but even now the mystery with which these and other lowly- 
orgamsed animals have been invested, is only beginning to be 
removed. Unable to perceive any oigans adapted for carrying 
on such vital functions as nutrition, excretion, circula,tion, &c., 
the biologist has been undecided whether to rank them ^ vege- 
tables or animals. Although most recent authorities unhesi- 
tatingly refer them to the animal kingdom, yet it should b^ 
mentioned that while evidence has been accumulatinfir in sup- 
port of this view, numerous facts tend to prove tnat their 
structure presents much that appears to be comiuon to them, f^j 
the lower orders of plants. The difficulty of tracing any la^ 
regulating their forms, the apparent want of any animal motion 
or functional activity, and the general apathy with which they 
have been regarded, have probaoly been the cause of the slow 
progress made in acquiring a knowledge of sponges. 

The essential parts of a sponge consist of a skeleton of 
spiculae, suppoi-ting and secreted by the animal soft parts. l^hQ 
spicula are arranged according to a method which is constant 
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and chftracUiialic of e«cli geniu. But whatever this method 
inaf be, there is elw»y» one, and generally two, series of canals 
tisTeramg them ; these canals are termed inlentiiUiL A dermal 
membrane enTelopes the whole eiterioi portion of the nkeleton ; 
and in this membrane ace a number of minute pom. The food- 
beuing cnirent is drawn in through these pores, enl«n a cavity 
just beneath the dermal membrane termed the t-nternuirginai 
MPttv, bom whence it panes into the ineurrent gyiUm of inter- 
tdtiA canals to the interior of the sponee. The water is next 
conducted to the exeamnt ajetem, and is finaUv expelled 
through the orifices termed oteula, which are readily distin- 
guished from the pores, owing to their ueoally being nused on a 



Such axe, in general, the easential parts of a aponge ; but in 
order to obtain a clearer idea of their nature and connection 
with each other, it will be necessary 1« enter into more minute 
details. The aoft parts will first engage our attention, since 
they are, phfriologically, far more important than the hard 
parti. 

Eiverj cavity in the interior of a sponoe is lined by a thin 
layer of lanode, a Bemitnmsperent jelly-like substance, which 
unquestionably plays an important part in animals [Sahcode, 
E. C. S.]. The lanMide of the sponge varies in colour, being in 
Bome cases white, in others grey ; yniea immersed in spirits it 
acquires the consistency of anunal liver. Its surface is generally 
roughened by obtuse elevations of various sizes. It doea not 
appear to possess any sensation of touch, since minute parasitical 
annelids are frequently found crawling over it and binng pieces 
from it without causing any apparent inconvenience to the 
•ponge. No trace of structure can be seen in the ectoaarc, even 
when examined with high microscopic powers, and yet it 
appears to be the seat of the locomotive power in the Amaba, 
and allied oiganinms. In some sponges, also, it possesses powers 
of motion, and when portions of it are detached they slowly and 
continuouslj; change their form, and progress very much lite an 
Amaba, as in /g. 32. Observations to this effect have been 
made by Carter, Bowerbanic, Ideberkuhn, and others, but the 
motive power does not appear to exist in tdl the species, nor yet 
all through the year. In Spotigilla and Hymtniaevhn, it is best 
seen in spring. Qencmlly, the motion is due to a kind of con- 
tractile power, but in &>ongiUa, according to Lieberkiihn, it is 
sometimes effected by cilia. Dr. Bowerbank examined a number 
of specimens of S^ongilla, but the movements could be observed 
in some, and not m others. He failed to detect them in any of 
the marine species, and concludes that the power of motion is 
not a constant property of sarcode. The inner portion of the 
sarcode contains numerous granules, and is the puce where the 
food is digested. 

As far as observation has gone, it would seem that the thin 
layer of sarcode is rather to be regarded as an aggr^ation of 
amteboid bodies than as a continuous sheet. We have seen how 
readily they can be detached, but they can alao be detected in 
the sponge itself when examined witn the microscope. Thus 
LieberkiiDn has noticed them in SpongiUa; he states they are 
not amonihons, but possess distinct stmctuies having the form 
of a cell, but without any membrane. When excrescent, a 
nucleus and nucleolus could be seen, bnt no corttractiie vttKle. 
In certain places these cells bear cilia ; but these will be noticed 
presently. When the sarcode is examined by transmitted light, 
with a magnifying power of 400 or 500 linear, it is seen to be 
crowded with molecules of animal and vegeteble matter in a 
more or leas collapsed condition, and evidently undergoin"; 
digestion (jCj. 1). Precisely the same phenomenon is presenteil 

Sr the mucous lining of the stomachs of higher animals. Now. 
though it would be impracticable to follow a particle of food 
from its entrance into the sponge to its exit agam, we can infer 
what that course is. By referring to Am<bba, E. C. 9., the way in 
which that creature feeds will be seen, A cluster of such beings 
form the lininc to the sponge cavities, and over their surface 
flows a powerful stream of water, bearing swarms of animalcnUe; 
when these impinee against the sarcode they adhere, become 
embedded, digested, expelled again, and are carried on by the 
flowing water to the place of exit. When it is considered what 
a complicated syatem of canals a sponge possessea, it is clear that 
their aggregate length muat be very great, and a proportionate 
supply of food will be required. That a sponge consumes a 
large quantity in proportion to its bulk, will strike any one who 
compares the afferent and efferent cnrrents. The former may be 
laden with minnte particles of matter, but the latter will 
contain a veiy small number of effete particles. By watching 
constantly it will be found that tite inhalation proceeds with 



vigour for a time, and then subsides into comparative qui- 
escence, and that the exhalent current continues to deliver effete 
particles with such remarkable uniformity as to indicate that 
they ore thrown off from the sarcodous eniHace gradually and 
BystematicaUv. 

Each of these cnrrent« of exhalation and inhalation have 
their special orifices, and can be seen best in BaliAondna in- 
cnutam and SpongiUa jtuviatiiit. But they can be seen in 
almost any gponce. The inhalation proceeds vigoronsly during 
the period of^ feeing, and open pores are scattered thickly over 
the surface of the sponge. If a little water, charged with 
minutely-comminuted carmine, be placed near the sponge, the 
molecules will be seen to be drawn slowly towards it, and their 
pace to rapidly accelerate until they rush into the open poren. 
At such times the oecnia, also, are moat widely extended, show- 
ing the activity of the eicurrent stream. This vigorous action 
will last for hours ; the transition from vigour to comparative 
quiescence is frequently marked by the closing of some of the 
smaller oscula, and a diminution in the diameter of the larger 
ones. Most of the pores also are closed, a few being left opea 
for the promotion of a gentle current of water which seems to be 
necessary for conveying air into the interior. Thus, in the 
sponge as in the higner animals, we have alternating periods of 
action and repose ; of strong and of calm respiratory action. 
Dr. Bowerbank fed a small specimen of SpongiUa fiumaiilit willi 




FIff. 1. Biirfaco of the noft part In the txHajf^A at & (poiunL 
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Tig. 4. Bection of HtHOomtriit paniaa, ilisirltiK InUrminliul aviHn. 
(Aftor Bowortank.) 

finely-divided indigo, and thus describes the resnlts : " Many of 
the molecules might be readily followed as they meandered 
through the interior of the sponge, and were seen flowing in 
every direction. During the maintenance of this action in full 
force, when I directed my attention to the osculum it was pour- 
ing forth a continuous stream of water, and along with it masses 
of floceulent matter, and many of the latter molecules of the 
indigo that had entered by the pores ; but it is remarkable that 
although the finer molecules ol indigo were being inblbed by 
the pores in veiy conaiderable numbers, verv few of them 
indeed were ejected from the oaculum ; and if tne imbibition of 
the moleculea continues for half on hour or an hour and then 
ceasee, the sponge is seen to be very strongly tinted with the 
blue colour of the indigo, and it remains so for twelve <a 
eighteen hours, after which pCTiod it resumes ite pellucid appear- 
ance, the whole of the imbibed molecules having undergone 
digestion in the sarcode lining the interior of the sponge, and 
the effete matter having been ejected through the osculum. If 
we kill the sponge immediately after having been thus fed, and 
examine the intervtitial canals and cavities, we find their sarco- 
dous surfaces thickly dotted with molecules of indigo," 

The parts connected with the creation and conduction of tha 
cuirente, upon which the sponge almost entirely depends, will 
next engage attention. In the living state, the sponge is en- 
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veloped in a tough ekin-like gubsUnce, which u the dermal 
menAraiu. It is apparently simple, jwUucid, and unorganized ; 
it ia abundantly supplied ivith primitive flbrona tissue, and is 
lined on its inner snrfoce with a hiyer of sarcode. Notwith- 
Btanding its apparent simplicity it ia endowed with remarkable 
propertiea The sponge can open pores in any part of it, and 
close them again without leaving any tmce of tneir existence. 
If lacerated or destroyed, the injiwed portion is rapidly renewed. 
When it comes in contact with the dermal membranes of other 
apongea of the same species it unites with them ; but no union 
takes place between different species The dermal membrane is 
genet^y strengthened bj a ekileton specially formed for the 
purpose Thus \a some of the sponges of commerce the 
portion of the dermis in contact with rocks stones or other 
sponges IB supported ly a network of stout tibrea In Iio- 
ihctya variant the relic lations consist of a single series ot 
spicnia, to which the membrane is attached A portion ol 
ttiB framework is shown in fg I* In Salitliondna panicea 
the fibi«a of the network ore composed of bundles of spicula 
cemented together as in /ff 3 In manv cases hoiNeier 
this constancy of arranten cnt does not prevail throughout 
even the same in In i lual thus it ma^ happen that the spi 
cnla are matted togtthLr in places mthout spaces Leinf, Iwt 
Accoidmg to Dr Bowerbank this variation in arrangement is 
determined by the presence or absence of pores m the dermal 
membrane. This membrane is also frequently snpplied with 
beautiful stellate spitula, »hich are eaicl to be semceable as 
weapons of defence Thtv are uniformly distributed oier the 
membrane as seen in ^ 3 which represents a portion of thi, 
outer surface of TeUua muncata the open spaces are the jpores. 

The porea as has already been statid are the onRces for the 
admission of water contaiiimg food and air In the more highly 
orgamsed sponges, such as PachifmaliSina and Gtodia they are 
probably permanent organs reappearing alwavs in the Nime spot 
butmothers such is those belongmetotheifoinJionifTOui type the 
edges of the denual membiane coalesce when the pores close, and 
when required fresh pores are opened somewhere else. The places 
where they may be expected to occur ore where the spicula of the 
dermid membrane present tiie most regular and clearly defined 
network. This opening and closing of the pores occur very 
irregularly, and appears to be dependent on the instincts of the 
sponge. In sponges which frequent the rocks between high and 
low water marks the pores are closed, thus enabling them to 
retain a certain quantity of water within them. The pores are 
almost always closed when the sponge receives a shock. When 
the sponge dies, the pores remain as they were juat before death. 
Hence in most cases sponges which are preserved in spirits 
seldom present any traces of pores, owing to the violence attend- 
ing their collection. If the sponge be carefully ^emoved from 
the water, and placed in a shallow pan of water (fresh for the 
ir^ water, and salt for the marine species), and be allowed to 
die of inanition, it will most probably expire with a few if not 
all of its pores open. 

If the current entering the pores of a SmTigilla, GTantia, or 
HatickondHa be watched, it will be noticed that the molecules 
do not rush straight in, but turn round the edge of the membrane, 
and enter at an angle of 45°. The particlesthen bound from one 
side to the opposite, and are waved from aide to side should the 
current be weak, but if strong, they are carried forward. In the 
Halichondroid sponges the molecules after passing through the 

Ki-es are received into large cavities which form a stratum just 
Death the dermal membrane, as shown injfp. 4. These cavi- 
ties being quite distinct from the incurrent canals into which 
they lead, have been termed internwrginat eavitUi. In some of 
the more highly oi^anisedsponges they present greater regularity 
and complexity of structure. A good example of this occurs in 
Qeodia Batretti, in which these cavities are separated from the 
interstitial canals and cavities beneath by valvular diaphr^ims. 
" They are in form very like a bell, the top of which has been 
truncated. They are situated in the inner portion of the dermal 
crust; the large end of the cavity being the distal and the smaller 
end the proximal one. The open mouth or distal end of the 
cavity is not immediately beneath the dermal membrane. There 
is an intervening stratum of membranes and sarcode, of about 
the entire thickness of tho dermal crust, which is permeated by 
numerous minute canals, which convey the water inhaled by the 
pores to the expanded distal extremity of the cavity. The 
proximal end ia closed by a stout membranous valvular dia- 
phragm {fig. 5), which the animal has the power of opening and 
closing at its pleasure. It is usually entirely destitute of the 
characteristic dermal spicula that are found abundantly in the 
HAT. HIHT. Div, — Bnp, 
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adjoining membianous tissues. The action of the diaphragm of 
each cavity appears to be independent of the surrounding ones, 
the condition or degree of opening of no two adjacent ones being 
alike. In the greater number of cases they are in a closed state, 
and in this condition the membrane is filled with concentric 
circles composed of minute rugia or thickened lines, and at the 
centre is closely pressed together, completely closing the orifice, 
OS in fig, b. In same cases the membrane is only partially 
closed, and the orifice is either circular or oval, as in tSe lower 
circular membrane ( ig. 5) ; in others it is nearly as large as the 
diameter of the basa] end of the cavity. The puning of the 
centre of the membrane of the diaphragm ia always outward a* 




regards the cavity, so that when viewed from within it appears 
as a slightly funnel-shaped depression, the bottom of which is 
conical. The cavities are line*! by a smooth and tolerably strong 
membrane, abundantly supplied with slender fibrous tissues, dis- 
posed in nearly parallel lines at right angles to the long axis of 
the cavity." (Bowerbank.) 

These elaborate oreans are supported by a beautiful network 
of spicula {fig. 5), the meslies ot^which are sometimes six and 
sometimes seveu-sided. Each mesh encloses one of the mem- 
branous valves. The intermaiginal cavities seem to attain their 
highest degree of development in Grantia wmprtaaa and ciliata, 
in which species they almost supersede every other organ. They 
form large cavities, the distal ends of which open at the outer 
surface of the sponge, while the proximal valvukr ends open 
into shallow cavities, which alone remain to represent the 
elaborate systemof incurrent canalsin/fdiwAotuirto and itsallies. 
It is probable that the seat of the mechanism by which the 
currents are created rests in the intermarginal cavities, and in 
them only. In GFantia the whole of their interior is lined with 
cilia, and hence it has been thought probable that they subserve 
the purpoecs of respiration. Whether this is so or not is doubt- 
ful, but hitherto no signs of cilia have been detected in any other 
part of a sponge. The action of the cilia may be seen by tearing 
a living specimen of Grantia comprisia in a direction at right 
angles with its long axis, placing it in a cell filled with fresh sea- 
water, and examining the interior of some of the large cavities of 
the sponge under the microscope. These are the intermarginal 
cavities, two of which are shown in fig. (>. Each cavity is lined 
throughout with nucleated cells, having the form showu in Jig. 7, 
and provided with long, slender cilia. The motiona of the cilia 
are rapid, and cannot be followed when most active ; but when 
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Bomewhat languicl, the action u seen U> consiet of a repetition of 
lashes, in which the upper portion of the ciliuin is first thrown 
gently backwatda towaida tlie surface of the sponge, and then 
kghed briskly forward in the opposite direction, or towards the 
oBCulum. The cilin act quite independently of one another. 
Cilia have also heen scea in Sponyiito; in Halidiondria their 
presence is indicated by their peculliir efTects on the molecules 



they have in many coses been mistaken for spermatozoa, as, fot 
example, in Professor Huxley's description of Tethea in the 
'Annals of Natural Histow,' vol. vii. 1851. Further remarks 
on this point will be found below in connection with the process 
of reproduction. 

From the intermargiual cavities we pais on to the inUrsiitial 
eanalt and eavitiei. In the HalichondroiU sponges they form 
nearly the entire bulk ; while in Oratilia they are reduced to a 
very small proportion of it. When best developed, they consist 
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of the most elaborately organised mammal." (Bowerbank.) In 
many sponges only one system of canals is developed, as, for 
inat^oe, in the Cyathiform groups, in which the out«r portion 
of the cup is the inholent surface, and the interior the exhaleut 
one ; hence it is that the inner surface is more uneven than the 
outer, since all the oscula ate there, and these in moat cases have 
their margins slightly raised to enable the ftecal matter to be dis- 
chai^ed without coming in contact with the contiguous eurlace. 
The lining of the canals freciuently consists of highly orgwiised 
membranes. Thus in the common honeycomb sponge of com- 
merce, this lining_ consists of a simple interstitial membrane with 
a layer of primitive fibrous tisane beneath it ; the arrai^ement of 
the fibrous portion is shown in fig. 8. In other species they ore 
arranged in a different way. These membranes sometimes nave 
the appearance of areolar tissue, especially when they abound in 
laive open ova! spaces. 

The aieula foim, as baa been already indicated, the termi- 
nation of the excunent canals. They present various sppeor- 
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of two distinct series of canaU, the innarent and excvrrent. The 
incnrrent series open in a few large months upon the intei- 
mfliginol cavities from which it receives the water ; it then 
conducts the water through a ramilied system of tubes and 
capillariea to the innermost portion of the sponge, where it 
inosculates with the capillary portion of the eicunent series; 
these capillaries unite into large channels, which coalesce to form 
one or more canal by which the water is discharged through the 
oecula. The exceedingly large extent of surface thus comprised 
within a given apace is perhaps the most striking feature in a 
sponge, and if we coinciae in the opinion that the sarcode lining 
represents the stomach of higher animals, it may trul^ be said 
" that the aggr^ted surfaces become a great system of intestinal 
action, fully equal in proportional extent to tliat of the intestines 



ances in different species. In some instances they form orifices 
at the termination of conical elevations on the exterior of the 
sponge ; in others they open into a single cloaca in the interior, 
as in Grantia, Verongia, and other fistmosc aponges. They aw 
pemument organs, but vary considerably in appearance, d^ree 
of expansion, and position- During the feeding period they are 
opened to their fiHIest extent ; at other times th^ are much 
diminished in si/e, and even entirely closed in uiose littoral 
species that are frequently exposed to the atmosphere. The 
animal has the power of closing or openiog any one of them 
independently of the others. 

The most prominent, but by no means the most important, 
feature in sponges is the skeleton. It is composed of various 
moterials, and presents an astoniahing vorielj of forms and 
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modes of arrangement in the parte which compofie it In one 
group of Bpongea the skeleton is principally composed of calca- 
leouB needles, or spicula, in another principally of suiceous Bpicula ; 
and in another of ketatosc fihrc. In many generci the skeleton 
consists partly of spicula and partly of tibrc ; although both 
these la&y be equally siliceous or keratose, ^et they are essen- 
tiaJly distinct. The moat marked point of diBerence is that the 
spicula do not unite whtn in contact, while the fihre does. 
The spicula fijrst appear in a tliln. layer of silex between two 
layers of membrane as in a, Jig. 9 ; which successively assumes 
the forms b, c, d, e, in the case of the spindle-shaped variety. 
In this condition they usually posses.1 a hollow cavity filled with 
a hom-like substance, or Ixnitode. As this nubstance is combus- 
tible, while the silica is not, the extent to which it occupies the 
interior may readily be seen by exposing a spiculum from a 
young sponge in the flame of a spirit-lamp, and examining it 
with a microscope, when it will appear as a thick cylinder of 
charcoal eucased in a thin tube of silica. Aa the sponge ^ws 
older the soft membrane is gradually replaced by siBca until the 
central cavity can scarcely be deteutcd. When a transverse 
section of a spiculum is examined the silica, or carbonate of 
lime, is seen to be arranged in concentric layers. The extent to 
which the central cavity is filled with silica does not entirely 
depend upon age, but is modified to suit the purposes for which 
the spiculum is designed. Thus in several instajices it appears 
that the long spicula which project bom the surfaces of some 
sponges, and which are frequently subjected to violent deflcc- j 
tioQS, are almost entirely mled with keratodc, although they 
appear to be entirely composed of wlica. The long-spiked 
spicula projecting from Ttlhea cranium, which are so rcmarKuble 
for their great flexibility, are good examples of this modification 
of structure. Keratode is one of the most clastic and durable 
animal substances known, and its combination in concentric 
layers with a tbin external case of silica forms one of the best 
contrivances yet discovered for the union of strength with 
elasticity and durability. Similar spicula occur in Gcodia 
M'Andrewii, and EupUcUlla atptrgilCttm. The presence of 
spicula is so frequently associated with sponges that their 
occurrence in other classes of animals is apt to be forgotten. 
We find them in Carpenieria, amongst the Foramiaifera, and 
in numerous genera among the ActintKoa, the Tunicata, and the 
Nitdibrandiwta. In sponges the spicula present an almost 
innumerable variety of^ forms, but in every case the form is 
evidently dependent upon certain governing laws. In moat 
cases we find seveial forms in each species. In Telfua eraniiait 
there are no fewer than seven. Each kind is appropriated to a 
particular portion of the sponge for the performance of a parti- 
cular function. It is owing to this dependence of form upon 
fimction that the spicula from the corredpondine parts of dif- 
ferent species present that general uniforraity of character wliich 
enables the well-informed student to assign each spiculum to its 
proper place in the sponge. In some cases the spicula retain the 
same form in every stage of tlieir development, but in others 
they undergo considerable variation. Any one who wishes to 
study the remarkable forms assumed by spicula is referred to 
Dr. Bowerbank'a Honi^^ph, quoted below, where moat of them 
are figured and described. In this place a few examples only 
can be given. Some forms, such as those shown iajuji. 10 — 15, 
occur in all, or nearly all, sponges, while others ore restricted to 
certain genera and species. These latter liave been classified by 
Dr. Bowerbank according to their functions, but in some in- 
stances the same form of spiculum serves more than one purpose. 
He terms them amnectiTig, pTehemile, deftittivt, (eiuton, and re/en- 
tivt spicula ; the spicula of the sorcode ; and the spicula of the 
ovaries and gemmules. The connecting spicula occur in a few 
genera only, such as Geodia, PachymattiTna, in which they serve 
to connect the thick hardened surface with the mass of the 
animal, and occasionally act as a defensive weapon ; fig. 16 is a 
spiculum of this kind bom Geodia Bairelti. Only one form of 
prehensile spiculum. Jig. 17, is known. It occurs in two species 
of EuphcUua. Its lower portion is free from spines, and is 
fixed to the base of the sponge, while the upper portion projecta 
beyond its surface, and is so thickly beset with them, that it 
readily hooka on to any extraneous object near at hand. The 
rfe/ensiFc epicula may be either external or internal -, both forms 
are well enown in Geodia Sarretti, Jig. 18, in which both the 
defensive and aggressive spicula (e) are shown just within the 
summits of the great intercellular spaces of the sponge, and the 
external defensive system at g. The leniion spicula are found 
in the dermal membrane, where this is not strengthened by beinc 
connected witk the skeleton ; these are well represented by such 
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forms asjCgf. 19,20. The former is the more common ^pe; 
the latter is noticed on account of the analogy it presents to the 
tension spicula in Holoikuriad<e, and in Srachiopoda. Fiqt. SI 
and 22 are examples of retfntivc spicula. In raony species of 
sponge the sarcode aljoundn in beautiful stellate spicula, which 
probably assist in giving strength and firmness to it In aome 
instances they possess rays springing from a common centre, as in 
Jig. 23, but in others tliey have a much more complicated structure, 
as, for example, in the beautiful forms shown in Jigs. 24 and 26, 
both of which belong to Supteclella aipergiUam. The spicula 
of the ovaries and gemmules do not call for special notice here, 
although they are of considerable interest, inasmuch as the forms 
presented by them difier remarkably from those occurring in tha 
adult sponge. 

The keratode, which we have referred tJ) as filling tha 
interior of the siliceous spicula, is the substance which composes 
the homy elastic fibre of^ the skeleton of the common Turkey 
sponge. It differs widely from horn both in structure and 
chemical composition, but possesses a close resemblance to silt. 
and the skeletons of the sertularion and other r^wphytes, in all 
of wiiich fibrin is the most important ingredient. These fibres 
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are cylindrical in form, and unite together to form an irrNruIar 
network. In some species they have spicula enclosed in them. 
They are built up in concentric layers, the fresh layers being 
added eitemallr. Their colour varies from an amber yellow to 
a deep yellow brown. In the living sponge they p<MseBB th« 

Property of uniting whenever they come in contact with tha 
bre of other individuals belonging to the same species. 
The cellular tissue in sponges is of a very simple kind, bcinc 
made op of spherical molecular, and discoid or lenticular nucleated 
cells. They are most conspicuous in Grantia, their occun«nce in 
which genua has already been noticed. 

Five modes of reproduction have been observed in sponges, 
viz., (1) by ova without on ovarium; (2) by ova genei^ed 




within ovaria ; (3) by gemmulea secreted within the sponge ; 
(4) by gemmules produced externally; and (5) by spontaneous 
division of the sarcode. Our knowledge of the first kind is 
almost entirely confined to the occurrence of minute ovoid 
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vesiclea on the fibres of some apecies of Spongia, ■which vesioles 
are very aimilar to the ova lioerated from the ovaria of other 
marine species of Spongiada. More ia known of the second kind. 
All the ovaria have a general external reaemblance, owin ' 
their being enclosed in a coriaceona envelope ; but thej i 
greatly in anatomical structure. Thej ma; oe divided into two 
groups, the one typified by the ovarium of Spangilla jluviatilii, 
and the other by that of Spongilia Uieastns. The ovaria of 
Spongiiia flutriatilis occur most abundantly at its baaal por- 
tion. They are spherical in form (see fy. 26), about ^th of on 
inch in diameter, and provided with a foramen at their distal 
eitretnity. If a few of these ovaria be heated in a test tube 
containing some nitric acid until they become of a bright yellow 
colour, and the action of the acid ha then stopped by diluting 
it with cold water, the coriaceous envelope is removed, and 
the arrangement of the skeleton of spicula developed, as in 
(g. 27. When examined in water or Canada balsam, under the 



microscope, the apicula are seen to be packed cloaely together, 
and to have the form represented in /g. 2S. They cover the 
whole of the ovariaro, and support the outer surface of its wall 
with one of the expanded eitremiliea, and its inner surface with 
the other. The axes of the spicula, it will be noticed, are in 
lines radiating from the centre to the circumference. When the 
ovarium of Spongilla lacuslrii is treated in a similar way, it 
presents the appearance shown in fig. 29, in which not only are 
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e arranged tangentiaUy 
aria known conform to 
one or other of these types, but 
at the same time they present cer- 
tain minor differences generally 
characteristic of the species or 
genus. 

Qemmules ore distinguished 
from ovaria in not being ova- 
bearing bodies, and in being 
capable of development into a 
single individual, having the 
chiu^teiB of the parent mass. 
We say capable, because it is very 
common lor a number of gem- 
mules to settle down in dose con- 
tiguity to one another, and to 
merge tc^ther into one large 
individuiu. Indeed, most of 
B really developed from several gem- 
ire lenticular in form, and present two 
distinct varieties, of different sizes. In the smaller, only one 
kind of ipiculum is developed ; in the other, there are three 
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forma of spiculnm. This distinction ia constant, and Dr. Bower- 
bank auggeata it may be sexual. The difference in the size and 
structure of the gemmules of Telhta cranium is shown in j^. 30, 31, 




Fig. 31, — Gflinraulv of lUiUa fraHfRiH. 

The process of external cemmulation ia only known to occur in 
TtOiea lyncun'um. We nave laatlv to notice the mode of pro- 
pagation by aarcodous division, the 
one which is most familiar to na- 
tumlista, and which appears to be 
the ordinary method. It would 
seem that any detached portion ' 







by itself ( 

detached portions, of developing into 

perfect sponges. In their earliest 

condition they are un distinguishable 

from Anurba, and present the form 

seen in j(g. 32, in which the nucleus 

is visible. According to some authorities, the nearm pora (one of 

which is shown in fig. 33) consist of a^egations of sarcode, and 

are really gemmules. Lieberklihn, however, states (A. N. H., 

1856) that they have no connection with them. Those of SpongiUa 

ore oval in form, and visible to the naked eye. They swim for 

a few days by means of cilia, but alwaya with the aame end ' 

foremost They then subside to the bottom of the vessel in 

which they may be, and flatt«n out into a delicate Uyer in 




F<g. SI.— ABwum pan. (An«r Broun. 

which s]»cnb soon appear. The a 

" Btituenta of young sponges, viz., 

ions sizes, and some germ granules. The cilia are situated 
a kind of epithelial layer of cells, each of which has one 
cilium. What relation these may have to the ciliary surface of 
ntermarginol cavity is not known. 



841 



SPONGIAD.E. 



SPONGIAD^. 



812 



It is very doubtfiil if spermatozoa have really been discovered 
in sponges. It is true they have frequently been described by 
observers ; but in most, if not in all cajses, they have proved to 
be detached ciliated bodies. Lieberklthn noticed several motile 
corpuscles while dissecting a Spongilla in June, and these, he 
remarks, are distinguishable from the ciliary bodies of swarm 
pores by the much smaller head and longer and thicker tail. 
They are formed in globules, enveloped by a transparent struc- 
tureless membrane and surrounded bv sponge cells ; the globules 
were burst by the movements of these bodies in its interior. 
They differ from the spermatozoa of Carter in being much 
smaller and in not having contractile heads ; Lieberklthn sug- 
gests that Carter's spermatozoa were specimens of Trachelius 
tridiopharus, which is an infusorian animalcule frequently met 
with inside sponges. There appears to be much resemblance 
between the bodies noticed by Lieberkiihn and the spermatozoa 
of Tethea as described by Huxley. These last, as we have seen, 
are considered to be ciliary bodies by Carter. From this it will 
be evident there is much uncertainty on the subject. The con- 
clusion arrived at by Dr. Bowerbank is thus stated by him, the 
authors referred to being those above mentioned. " On a careful 
consideration of the descriptions of the ciliated cells seen by the 
authors I have quoted above, it strikes me forcibly that the 
so-called zoospores and spermatozoa of Carter and Huxley are 
identical in origin and purpose with the similar organs described 
by Lieberkuhn and those found in situ and in action in Grantia 
eompressa; and in truth that they are the homologues of the 
breathing and feeding oi^ns of the zoophyte and more highly 
oiganisea animals.'' The following classification is one of the 
most recent, and has been proposed by Dr. Bowerbank. The 
names of many of the old genera are retained, but the descrip- 
tions have been modified to suit the present state of our 
knowledge. 

Class.— PORIFERA, Grant 
Order I. — Calcarea. 

Grantia, Fleming. Sponge furnished with a central cloaca, 
parietes constructed of interstitial cells, more or less regular and 
an^ar in form, disposed at right angles to the external surfaces 
and extending in lengtii from the outer to very near the inner 
surface of the sponge, where each terminates in a single osculum. 
Type, Grantia compressa, 

LeucosoUnia, Bowerbank {Grantia^ Fleming and Johnston). 
Sponge fistular ; formed of a single layer of triradiate and other 
spicum, surrounding a large centKll cloaca, which extends into 
all parts of the sponge. Type, Grantia botryoides, Fleming. 

Leuconia, Grant {Grantia, Fleming and Johnston). Sponge 
furnished with cloacae, one or more ; parietes of sponge formed 
of a mass of irregularly disposed interstitial membranes, and 
triradiate and other spicula ; permeated by sinuous excurrent 
canals, the oscula of which are irregularly disposed over the 
surfaces of the cloacce. Type, Grantia nivea, Flenaing. 

Leiicogvpsia, Bowerbank. Sponge massive, without cloacae; 
formed of irregularly disposed membranous tissues and spicula ; 
oscula at the external sunace. Type, Leucogypsia Gossei. 

Order II. — Silicea. 

Sub-order I. Spiculo-radiate skeletons ; not reticulate ; com- 
posed of spicula radiating in fasciculi or separately from 
the base or axis of the sponge. 

Geodia, Lamarck. Skeleton. Spicula fasciculated, radiating 
from the base or central axis of the sponge to the surface ; dermis 
crustular, furnished abundantly with closely packed ovaria ; 
ovaria siliceous, composed of cuneiform spicula, firmly cemented 
together by silex, in lines radiating from the centre of the 
ovary; pores furnished with oesophageal tubes, terminating in 
the distal extremity of the intermarginal cavities ; intermai^al 
cavities separate, symmetrical, subcylindrical ; each furnished 
with a membranous valve at its proximal extremity. Type, 
Gtodia gihherosa, 

Packyrnaiisma, Bowerbank. Skeleton composed near the ex- 
ternal surface occasionally of short fasciculi of siliceous spicula, 
disposed in lines at about right angles to the surface of the 
sponge ; central portion of the sponge unsymmetrical ; dermis 
crustular, furnished abundantly with closely packed ovaria ; 
ovaria siliceous, formed of cuneiform spicula, firmly cemented 
together in lines radiating from the centre of the ovaiy ; pores 
furnished with cesophageed tubes, terminating in the mstal ex- 



tremity of each intermarginal cavity ; intermarginal cavities 
symmetrical, subcylindrical, with a pyloric valve at the proximal 
end of each. Type, P. Johnstonia, 

Ecionemia, Bowerbank. Sponge having a strong axial 
column or centre of closely packed siliceous spicula, disposed in 
lines parallel to the long axis of the sponge, from which axial 
column or centre a peripheral system of spicula radiates at about 
ri^ht angles ; distal ends of the radii furnished more or less 
with ternate connecting spicula, the radii of which are disposed 
immediately beneath the aermal membrane. Type, E. acervus. 

Alcyoncellum, Quoy and Gaimard {EupUctella, Owen). Sponge 
fistulate ; fistula single, elongate, without a massive base. Skele- 
ton : primary fasciculi radiating from the base in parallel straight 
or slightly spiral lines ; secondary fasciculi at rignt angles to the 

Erimary ones ; oscula congregated, with or without a marginal 
oundary to their area. Type, A, corhicula. 

Polymastia, Bowerbank. Skeleton. Basal mass ; central portion 
consisting of a plexus of contorted anastomosing fasciculi, resolving 
themselves near the surface into short straight bundles, disposed 
at nearly right angles to the surface. Oscula congregated, ele- 
vated on numerous long fistulae. Fistulae composed of numerous 
parallel fasciculi, radiating from the base to the apex of each in 
straight or slightly spiral lines. Type, P. mammillaris. 

Halyphysema, Bowerbank. Sponge consisting of a hollow 
basal mass, from which emanates a single cloacal fistula. Skeb- 
ton: spicula of the base disposed irregularly; spicula of the 
fistula disposed principally in lines parallel to the long axis of 
the sponge, without fasciculation. Type, H. Tumanoudczii. 

Ciocalypta, Bowerbank. Skeleton composed of numerous 
closed columns, each consisting of a central axis of compact, 
irregularly elongated, reticulated structure, from the surface of 
which radiate at about right angles numerous short, simple, 
cylindrical pedicles or stout fasciculi of closely packed spicula ; 
the distid ends of each pedestal separating and radiating in 
numerous curved lines which spread over the inner surface oi the 
dermal membrane, separating and sustaining it in all parts at a 
considerable distance urom the central axis of the skeleton. Type, 
C. penicillus. 

Tethea, Lamarck. Sponge massive, suborbicular. Skeleton 
consisting of fasciculi of spicula. Fasciculi radiating from a 
basal or excentrical point to the surface. Intermarginal cavities 
unsymmetrical, confluent. Propagation by internal or external 
gemmulation. Types, T, lyncurium, Linnaeus; T, cranium, 
Iiamarck. 

Halicnemia, Bowerbank. Skeleton formed of a single superior 
stratum of spicula radiating from the centre to the circumference 
of the sponge at about its middle, and of an inferior stratum of 
spicula distributed without order. Type, H, patera, 

Dictyocylindrus, Bowerbank. Skeleton ; without fibre ; com- 
posed of a loosely compacted columnar axis of spicula, disposed 
principally in the line of the axial column, from which a 
peripheral system of long single or fasciculated defensive spicula 
radiate at right angles to the axial column. Type, D. hispidus. 

Phakellia, Bowerbank. Skeleton composed of a multitude of 
primary cylindrical axes, radiating from a common base and 
ramifymg continuously, from which emanate at about right 
angles to the axes a secondaiy series of ramuli, which ramify con- 
tinuously as theyprogress towards the surface, but never appear 
to anastomose. Type, P. vmtildbrum. 

ilficrocioTia, Bowerbank. Skeleton. A common basal membrane, 
whence springs at or about right angles to its plane numerous 
separate columns of spicula intermixed with Jteratode ; fur- 
nished externally with spicula which radiate from the columns 
at various angles towards the dermal surface of the sponge. 
Type, M, atrasanguinea, 

Mymeraphia,BoweTbsjik. Skeleton. A single basal membrane, 
whence spring numerous large separate spicula, which pass 
through tne entire thickness of the sarcoaous stratum to or 
beyond the dermal surface of the sponge. Type, H, sieUifera. 

Hymedesmia, Bowerbank. Skeleton. A common basal mem- 
brane sustaining a thin stratum of disjoined fasciculi of spicula. 
Type, H. Zttlandica. 

Sub-order 2. Spiculo-membranous skeletons, composed of in- 
terstitial membranes, having the skeleton spicula irregu- 
larly dispersed on their surfaces. 

Hymeniaddon, Bowerbank. Skeleton without fibre, spicula 
without order, imbedded in irregularly disposed membranous 
structure. Type, H, curuncula. The genera HcUvna, Bower- 
bank ; and Haiisarca, Dujardin, are included in this. 
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Sub-order 3. Spiculo-reticulate skeletons. Skeletons con- 
tinuously reticulate in structure, but not fibrous. 

Halichondria, Fleming. Sponge without fibre ; composed of 
an iiTegularpolyserial network ol spicula cemented together by 
keratode. Type, H. paniceaf Johnston. 

Hyalonema, Gray. Skeleton an indefinite network of siliceous 
spicula, composed of separated elongated fasciculi, reposing on 
continuous membranes, having the middle of the sponge per- 
forated vertically by an extended spiral fasciculus of single, 
elongated, and very large spicula, forming the axial skeleton of 
a columnar cloacal system. Type, H. mirabilis, Gray. 

Isodictya, Bowerbank. (Spongia, Montagu ; HalicJwndriaf 
Fleming and Johnston.) Skeleton without fibre ;. composed of 
a symmetrical network of spicula; the primary lines of the 
skeleton passing from the base or centre to the surface, and the 
secondary lines disposed at about right angles to the primary 
ones. Propagation by internal membranaceous, aspiculous gem- 
mules. Types, I. palmata and Normani, Bowerbank. 

Sponffillaj Linnaeus. (Halichondriay Fleming.) Skeleton with- 
out fibre, composed of a synmietrical network of spicula; the 
primary lines of the skeleton passing from the base or centre to 
the surface, and the secondary lines disposed at about right 
angles to the primary ones. Reproductive organs, ovaries, coria- 
ceous and abundantly spiculous. Type, S, fuviatilis, Linnasus. 

Sub-order 4. Spiculo-fibrous skeletons. Regularly fibrous. 
Fibres filled with spicula. 

Desmacidmi, Bowerbank. (Halichondria, Johnston.) — Skeleton 
fibrous, irregiilarly reticulated. Fibres composed entirely of 
spicula arranged in accordance with the axis of the fibre, 
cemented together and thinly coated with keratode. Type, 
D, fruticosa, Bowerbank. 

RaphyruSj Bowerbank. Skeleton fibrous, but not horny. 
Fibre composed of a dense mass of siliceous spicula mixed 
together without order. R, Griffithsii is the only species known. 

Sub-order 5. Compound reticulate skeletons, having the 

Erimary reticulations fibro-spiculate, and the interstices 
lied with a secondary spiculo-reticulate skeleton. 

Diplodemia, Bowerbank. Skeleton fibrous. Fibres keratose, 
hetro-spiculous ; combined with a secondary skeleton of irregular 
networK of spicula ; rete unispiculate, rarelv bispiculate. Ovaries 
membranous and spiculous. Type, t), vestcula, Bowerbank. 

Sub-order 6. Solid siliceo-fibrous skeletons. Skeletons reticu- 
late. Fibres composed of concentric layers of solid silex, 
without a central canal. Reticulations unsymmetrical. 

Dactylocali/Xy Stutchbury. Skeleton siliceo-fibrous. Fibres 
solid, cylindrical. Reticulations unsymmetricaL Type, D. pu- 
micea, Stutchbury. 

Sub-order 7. Canaliculated siliceo-fibrous skeletons. Skeletons 
reticulate, symmetricaL Fibres composed of concentric 
layers of solid silex, ^vith a continuous central canal. 

This is founded on some fragments of sponges of unknown 
species, and upon some fibres reierred to a species provisionally 
named Farrea occa. 

Order III.— Keratosa. 

Sub-order 1. Solid non-spiculate kerato-fibrous skeletons. 

Sp</ngia, Linnseus. Skeleton kerato-fibrous. Fibre solid, 
cylindrical, aspiculous. Rete unsymmetrical. Type, S, offici- 
naliSy Linnseus. 

Spongionella, Bowerbank. (Spongia, Sowerby and Johnston.) 
Skeleton kerato-fibrous. Fibres solid, cylindrical aspiculous. 
Rete symmetrical ; primary fibres radiating from the base to the 
apex. SecondaiT fibres disposed at nearly right angles to the 
primary ones. Type, S. ptdchella, Bowerbank. 

Sub-order 2. Solid, semi-spiculate, kerato-fibrous skeletons. 

Halispongia, De Blainville. Skeleton kerato-fibrous. Fibres 
solid ; primary fibres compressed, containing an irregularly dis- 
posed series of spicula. Secondary series of fibres imsymmetri- 
cal, cylindrical, without spicula. 

Sub-order 3. Solid, entirely spiculate, kerato-fibrous skele- 
tons. 

Chalina, Grant. Skeleton fibrous. Fibres keratose, solid, 
cylindrical, and interspiculate. Rete symmetrical; primary 



lines radiating firom the basal or axial parts of the sponge to the 
distal portions. Secondary lines of fibre at about right angles to 
the primary ones. Type, (7. oculata, Bowerbank. 

Sub-order 4. Simple fistulo-kerato-fibrous skeletons. 

Verongia, Bowerbank. (Spongia, Lamarck.) Skeleton kerato- 
fibrous. Fibres cylindrical, continuously fistulose, aspiculous. 
Rete unsymmetrical. Type, V. fistulosa. 

Sub-order 5. Compound fistulo-fibrous skeletons. 

Auliskm, Bowerbank. Skeleton kerato-fibrous. Fibres aspi- 
culous, cylindrical, continuously fistulose, primary fistulae having 
many caecoid canals radiating from them in every direction, 
Rete unsymmetrical. 

Sub-order 6. R^ular semi-areno-fibrous skeletons. 

Stematwmenia, Bowerbank. Skeleton. Primary fibres solid, 
more or less compressed, containing a central axial line of spicula 
and grains of extraneous matters. Interstitial structures abun- 
dantly fibro-membranous. 

Sub-order 7. Irregularly and entirely areno-fibrous skeletons. 

Types, Dysidea fragiliSf Johnston; Dysidea KirHi, Bowerbank. 

(Bowerbank, Monograph of British Spongiada,) 

SPRINGS. The articles in E. C. which relate to this sub- 
ject have been inserted in both the present division and in that 
which relates to the arts and sciences. Details are given under 
Water, E. C. in the Nat. Hist. Div. ; and under Artesian Wells, 
Buxton Waters, Cheltenham Waters, Lakes, Mineral 
Waters, Springs, Water, E. C, Arts & ScL Div. As the great 
bulk of the information is incorporated in the last-mentioned 
division, and as the subject properly belongs to physical geo- 
graphy, the articles relating to which are mostly contained in 
the same division, it seems preferable to make a cross reference 
to Springs, E. C. S., Arts & Sci. Div., than to give supple- 
mentary details in this place. 

SQUALIDiE [E. C. iv. cols. 883—886]. The sharks perform 
the same predatory functions in the sea which the ea^le and 
cat tribe perform in the regions above the sea. Their skeleton 
is mostly composed of a tough cartilaginous basis, which, how- 
ever much it may resemble the early state of the vertebrate 
embryo, seems to be adapted for the active habits of these 
creatures, and to be associated with a high organization of tiie 
soft parts. The muscles are powerful, firm, and so arranged as 
to enable the shark to direct their movements with greater pre- 
cision than in most fishes, while their strength enables them to 
sustain continuous action for a surprisingly long period. The 
eye is provided with a sort of eyelid in some species, is sup- 
ported on a piUar within the orbit, and is supplied with long 
and strong muscles, which facilitate its rapid motion. The 
long pedicles are extraordinarily well developed in the hammer- 
headed shark, the lateral projections being due to the extended 
orbital supports. 

Although sharks are plentiful in foreign seas, and occur in 
many of the geological strata, we shall confine our supple- 
mentary remarks to the British species, 

Scyllium canicula. It frequents the shore, and lives princi- 
pally upon crustaceans. The individuals which occur on rocky 
ground are usually darker-coloured than those which tenant 
more open places. When seized, it lashes its body round the 
arm, and rasps off the skin by means of its sharp rugged skin. 
This illustrates one use of the roughened skin, as also the great 
power of the body muscles. It attains a length of four or five 
feet, and a girth at the widest part of about thirteen inches. 
This is one of the species which lays its eg^ in the so-called 
sea-purses. According to Couch, this species is called the Nurse 
Hound, while the name of Lesser Spotted Dogfish is given to 
the species next mentioned. 

;Si. caivlus. It has somewhat similar habits as S, caniculcL 
Its eg^-case differs in several particulars from that of S, caniaula. 
Thus it has a slit at each comer, while that of the other species 
has no slit at all. What the use of the slits may be has not 
been satisfactorily ascertained. That they are not intended for 
the admission of sea-water is manifested by the circumstance 
that the presence of that fluid destroys the embryo if not suffi- 
ciently developed. 

Pristiwrus melanostomus (the Black-mouthed Dogfi^). This 
was referred by Yarrell to Scyllium, but as it has the saw-like 
structure on the upper mar;^ of the tail, it is more correctly 
placed in the genus Pristturus, It occois on the coasts of 
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England, but is more abundant farther south, as at Madeira and 
in the Mediterranean. 

Notidanus griseus is a large shark, sometimes attaining a 
length of ten or eleven feet. It appears to be a groimd-fre- 
quenter. Only a few British examples have been found. 

Carcharias vulgaris (the White Shark). It is possible that 
two species are confounded under this name, since the best 
known form, or that which frequents the West Indian seas, is 
jMiid to have no spiracles behind the eye, whereas in one speci- 
men found on British shores a minute spiracle }ias been found. 
As one of the characters distinguishing the ^cnus Carcharias is 
the absence of sniracles, the specimen alluded to will probably 
he referable to tne genus Galeus, The White Shark is one of 
the most dreaded of lishes, but it seldom visits British seas. 

0. glaucus (the Blue Shark). It visits the British isles in 
summer, and sometimes goes as far north as the Orkneys. It 
does much damage to nets when hunting for fish. It cuts the 
pilchards and herrings out of the drift nets with its sharp teeth, 
and swallows both the fish and the portion of net which has 
been detached. In seizing its prey it turns over with a rolling 
motion. Occasionally it bites at a fisherman's line, which, 
being divisible with difficulty on account of its slendemess per- 
mitting it to get between the teeth, the fish rolls over and over 
and is so entangled in the line that it can be pulled up to the 
surface. Its size is sometimes as much as fourteen feet from end 
to end. 

Alopecias wipes (the Thresher). Cuvier refeixed it to Car- 
charias, but Couch gives it the above name. It is credited with 
being one of the great enemies of whales, which it is said to 
frighten by lashing the sea with its long tail. Whatever may be 
the reason for splashing the surface of the sea, it certainly has no 
power to frighten or to seriously molest whales. The usual 
length is about 12 feet, but some specimens are 15 or 16 feet 
long. The upper lobe of the tail is of extraordinary dimensions, 
being nearly as long as from the origin of the tail to the snout. 

Lamna comubica (the Porbeagle). It is a common summer 
visitor on the western coasts of the British isles. It travels in 
small companies, pursuing small fishes. 

Galeus vulgaris (the Toper). It is a common British fish, 
swims low in the water, and seldom inflicts injuiies on fisher- 
men's nets. The old ones leave onr shores in winter, but many 
of the young ones remain. 

Musielus Imvis (the Smooth Hound). It is common on our 
southern shores, but rather rare off Scotland. It seems to return 
towards the south in the winter months. 

Spdnax vulgaris (the Picked Dog). It is the most abundant of 
British sharks, and is pre-eminently the dogfish. It is found 
everywhere on our coasts all the year round. Its numbers are 
sometimes prodigious, the sea for many square miles swarming 
with dogfish. It does great injury to fishermen by mangling 
their nets and fish. It is a common belief that it cuts away the 
lines by means of the sharp spines in front of the dorsal fins. 
This does not seem probable ; yet, when laid hold of by the 
head they can bend the back over and give a lashing cut with 
the spines. 

Scymnus spinosw (the Spinous Shark). It occurs at the Cape 
of Good Hope, in the Mediterranean, and rarely on the British 
coasts. Its snape is very different from that of most of the sharks 
already mentioned, being short and clumsy where they are lithe 



and slender. Its fins and tail are smalL In accordance with 
this, it seems to spend an inactive life on the sea bottom and in 
deep water. 

The other British species are Scymnus borealis, the Greenland 
Shark ; SeUiche maxiraus, the Basking Shark ; Polyprosopus 
Rashleighanus, the Eashleigh Shark ; P, macer, the Broad-headed 
Gazer ; Zygoma malleus, the Hammer-head ; and Squatina vul- 
garis, the Monkfish. The last-named approaches in appearance 
the adlied group of Rays, which is represented by such genera as 
Cephaloptera^ &c. a notice of which wiM be found under Raudje, 
E. C. 

(Couch, J., History of British Fishes, vol. L) 

STARCH. This substance, as has already been stated in this 
Cyclopaedia, is widely spread through the tissues of plants, in 
the first formation of which it plays a highly important part. 
At one time it was regarded as a substance peculiar to plants, 
and was even proposed as a test for distinguishing them from 
animals in cases of doubt It has, however, been foimd in 
various zoological groups from sponges to man, but it does not 
have the same importance in the growth or development of 
animals as it has m plants. There is, however, another sub- 
stance closely allied to starch which has received various names, 
such as the amyloid substance of Bernard ; animal dextrine ; 
zoamyline ; and glycogenic substance. 

Like starch and aextrine, it has a composition answering to the 
formula, Cg H,o Og, but it differs from them in physical pro- 
perties. It is a white substance, having neither odour nor taste, 
which resembles dextrine, but differs from starch in being 
soluble in water, while it agrees with both in being insoluble in 
concentrated alcohol. Dextrine is soluble in dilute alcohol, 
which is not the case with the amyloid substance of Bernard, 
nor with starch. It is like starch, l)ut unlike dextrine in being 
susceptible of fermentation ; and it is like dextrine, but unlike 
starch, in not giving a blue colouration with iodine, and in 
reducing the cupro-potassic solution. The brown colour wliich 
it presents when in contact with iodine is one of the chief 
characteristics of this peculiar substance. 

It was first discovered in the liver of animals, and was sup- 
posed to have some connection with the sugar-forming function 
of the liver, whence Bernard called it glycogenic substance. 
Further investigations indicate that it may be to animals what 
ordinary starch is to plants. At present our knowledge is very 
incomplete as regards both the function of this amyloid sub- 
stance in the animal system and the molecular structural condi- 
tions which cause it to be physically different from starch and 
dextrine. It appears, however, that in the young embryos of 
mammalia it is abundantly distributed through all the tissues ; 
that at a later stage it preponderates more in one than another, 
more particularly in those from which the homy jmrts are 
being developed. Thus it occurs in the developing hoof, horns, 
and other homy tissues ; it may be found wherever the little 
patches of hair first make their appearance, gradually decreasing 
as they grow, and disappearing almost entirely as soon as they 
are completely formed. In like manner it occurs in large quan- 
tities in the earliest stages of the other tissues, diminishing in 
quantity as they acquire form, and disappearing when they are 
mlly formed. At present little is known as to the order in 
which the various tissues are deprived of it — a subject which 
presents much interest to the physiologist, and which promises 
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to furnish him with an important field of research. In the pre- 
ceding table is indicated the quantity of amyloid substance m a 
few of the tissues of the foetal lamb at various stages of its 
development. The facts here presented are approximately the 
same in various other animals, such as the rabbit, the cow, the 
dog, and the rat. In the lung it is so abundant at one period as 
to constitute more than half of the dry tissue ; while at the 
moment of birth it has so far diminished as to be almost inap- 
preciable. In the voluntary muscles it increases until the em- 
bryo is nearly 16^ inches in length, after which it diminishes, 
although still abundant at the period of birth ; it gradually 
lessens after birth, and disappears entirely in the course of a few 
weeks. In the muscular tissue of the heart a trace only of the 
amyloid substance can be detected in the embryo almost ready 
for birth. It is interesting to notice that amyloid substance 
remains in the voluntary muscles up to the period when they 
are called into full activity, which is some weeks after the birth 
of the lamb ; while it has disappeared at a much earlier stage 
from the muscular tissues of the heart, which is in full exercise 
some time before the birth of the embiyo. It appears very late 
in the lung, and is by no means so abundant in that of the new- 
bom lamb as in that of the adult sheep. In all adult mammals 
the amyloid substance is chiefly confined to the liver. In most 
cases none is to be found in the muscles of adults, but it has 
been occasionally detected in the flesh of such as have been fed 
on substances containing much starch or sugar, and it is frequent 
in the flesh of hybemating animals. 

STRIATOPORA. A genus of AcHnozoa, established by Hall 



in 1852. It is represented by a single species, S./exuo8a, which 
has been found in the Niagara group of rocks over a small area 
in the neighbourhood of the Niagara Falls. 

STRONTI A. This oxide has been found, but in very minute 
quantities, in many mineral waters ; for instance, the springs at 
Salzbrunn, Aix-la-Chapelle, Burtscheid, Pyrmont, Meinberg, 
Ems, and elsewhere. Its general, or, at any rate, frequent 
presence in springs implies a wide distribution of it in the rocks 
through which such springs flow. Its occurrence in rocks has, 
however, only been occasionally noticed, probably owing to the 
minute quantity present in most cases, and to the practical diffi- 
culty of detecting it Gmelin found traces of it in basalt at 
Stetten, and Rammelsberg in basalt near Carlsbad. It has been 
detected in calcspar, arragonite, and dolerite. 

CoeUstine (sulphate of strontia) is frequently associated with 
gypsum and sulphur, and is most frequently found in fissures, 
metalliferous veins, and drusy cavities. It sometimes enters into 
the composition of many of the secondary fossils ; for example, 
some of the ammonites from the lias, the chambers of which are 
occasionally lined with crystals of cojlestine. Fine crystals have 
been found in othei* places besides Sicily, amount others, Bex, 
in Switzerland ; Conil, in Spain ; Retzbanya, in Hungary ; and 
the compact limestone near Lake Erie. The blue colour in some 
specimens of coelestine has been attributed to phosphate of iron. 

Baryto-ccelestine, Two minerals, both composed of sulphate of 
baryta and sulphate of strontia, but in different proportions, 
have been thus named. One occurs at Kingston, Canada, and 
the other near Binnenthal, in Switzerland. 
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T AGONIC SYSTEM. The name given by Professor Emmons 
to a thick series of rocks which occur in North America. 
He maintained that these rocks were the oldest in the world, 
and that they contained the relics of primceval life. He wrote 
work after work to prove that they were older than the Potsdam 
sandstone. The recent palajontological and stratigraphical evi- 
dence which has been accumulated, chiefly by the officers of the 
Geological Survey of Canada, have conclusively shown that these 
rocks correspond in age with the Potsdam sandstone and the 
strata which immediately overlie it. A general account of these 
beds is therefore given under Quebec Grocp, E. C. S. 

TEPHROITE is a dibasic silicate of manganese analogous 
to the dibasic silicates, willemite, fayalite, olivine, and a few 
more. It presents some points of resemblance to rhodonite, 
which is tne monobasic silicate of manganese, especially as 
regards the changes it undergoes when exposed to atmospheric 
influences. The hardness is 5*5 — 6 ; the specific gravity, 4 — 4* 12 ; 
the lustre adamantine ; and the colour greyish flesh-red, reddish 
brown, and rose-red to ash-grey. When exposed to the air the 
tint becomes brown and black, owing to the formation of 
manganic oxide. It occurs at Sparta, New Jersey ; at Paisberg, 
in Sweden ; and Sjogrufvan. An unsually pure specimen 
analysed by Rammelsberg gave a composition of 28*66 per cent, 
of sUica, 2'92 of ferrous oxide, and 68'8d of manganous oxide. 
The theoretical composition is 29*8 per cent, of silica, and 70*2 
of manganous oxide. The manganous oxide is partially replaced 
in some specimens by magnesia and zinc oxide. 

(Dana, A System of Mineralogy^ 5th Ed.). 

TERTIARY STRATA [E. C. vol. iv. cols. 1043—10461 Ad- 
ditional details respecting these strata will be found under the 
headings Eocene, Miocene, and Post-Pliocene in this Sup- 
plement. In this place we would simply indicate how difficult 
it is to apply the principle of per-centage employed by Sir C. 
Lyell in the classification of these strata. The difficulty arises 
from two sources, the uncertainty as to what groups of shells 
constitute unquestionable species, and the frequency with which 
shells derivea from the older rocks are considered to have been 
living at the time when the deposits in which they occur were 
formed. For example, in Sir C. Lyell's ' Elements of Geology,' 
the Red Crag of Suflfolk is said to have yielded 219 species of 
marine Molltuca, of which 132 are still Hving, and 87 are 
extinct. The recent species here constitute 60 per cent of the 



whole fauna. Prestwich, in 1868, estimated the number of 
reputed species of Mollusca at 245, of which 99 are extraneous 
fossils and varieties. Of the 146 species which are considered to 
belong to the Red Crag itself, 133, or 92 per cent, are identified 
by Jelfreys as recent The same kind of thing occurs with other 
beds, so that it is not easy to say within 30 or 40 per cent what 
proportion the species which have lasted to the present bear to 
those which have l>ecome extinct All the crags belong to the 
pliocene group. 

THALASSOPHRYNE, a genus of fishes belonging to the 
family Batrachidce, and remarkable as comprising species which 
are provided with what are decided to be real poison organs 
analogous to the poison fangs of serpents. Many species of 
fish have had the reputation of being able to inject a poison into 
wounds on account of the intense pain which follows a stroke of 
their defensive or offensive spines, but on examination no in- 
dication of a poison-secreting apparatus has been discovered. 
Thus one species of Trachinus fomid on British rfiores, T. draco^ 
has spines on each side of its head with which it can inflict a 
wound which causes intense pain all up the arm, when the hand 
is struck, which lasts for many hours. ThcUassophryne reticulata 
is a species new to science, but which has been long known to the 
fishermen of Panama, who are well acquainted with the presence 
and function of its spines, since they say a poison is injected from 
them which, when introduced into a wound, causes a fever, but 
the illness seldom or ever proves fataL The poisonous oi^ns 
consist of four hollow spines, two of which are dorsally situated, 
and the other two form the backward projections of the opercula. 
The channel in each spine is connected with a small sac, which 
will jet out a fluid to the distance of several inches on being 
slightly pressed with the finger. Dr. Gunther believes the sacs are 
merely reservoirs, and that the true secreting oi^an is the system 
of muciferous channels. T» maculata also possesses this poison 
apparatus. 

(Giinther, Proc. ZooL Soc. for 1864, p. 165 ; Dow, Proc, ZooL 
Soc. for 1865^. 677.) 

THISANTHA, a genus of Crassulaceous plants, comprising a 
few species only, all of which are confined to the Cape of Good 
Hope, a locality where the house-leek tribe is so abundantly 
developed. The species were forpierly meiged in the genua 
Orassula, but are now considered to be generically separable tnere- 
irom. 
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TRACHINID^^, an extensive family of Acanthopterygian 
fishes, the English species of which ai'e commonly known as 
Weavers. The following synopsis of the group is condensed 
from Dr. Giinthers work cited below. The family is defined in 
the following tenns. Body elongate, low, naked, or covered with 
scales. Teeth in villiform Iwinds, with pointed and conical 
canines in some of the genera ; no molars or trenchant teeth. 
The infraorbital ring does not articulate with the prjeoperculum. 
One or two dorsal fins, the spinous portion being always much 
less developed and shorter than the soft ; the anal similarly 
developed as the soft dorsal. Gill opening more or less 
wide ; five, six, or seven branchiostegals ; pseud obranchia). No 
prominent papilla) near the anus. Air-bladiler generally 
absent ; pyloric appendages in moderate numl)er or wanting. 

Vertebrae ^^^ °^ ^^ + ^ a n *i • • i 

vLneune, — ^ __^____^ j^n ^^^q species are carnivorous, and 

14 + 2/. 

ground frequenters. 

Dr. Giinther divides the family into four groups or sub- families. 
The first group, or Uran^scopum, has the eye.^ on the upper sur- 
face of the head; the cleft of the mouth veitical, and the head 
generally armed with bony plates. The body is sometimes 
naked, and sometimes covered w^ith small sciiles to a greater or 
less extent. The lateral line is uninterrupted. It embraces the 
following five genera : — 

Uranoscopua, Head large, partly covered with bony plates; 
body somewhat cylindrical ; cleft of the mouth vertical ; eye on 
the upper side of the head. Scales ver^' small. Two dorsals, 
the first with three to five spines; ventrals j ugular ; pectoral rays 
branched. Villiform teeth in the jaws, on the vomer and the 
palatine bones, without canines ; generally a filament below and 
before the tongue; opercular apparatus generally anned ; cavity 
of the gills with an opening above the operculum as well as 
posteriorly. Pscudobranchia3 ; six branchiostegals. Air-bladder 
none ; pyloric appendixges in moderate number. Ten species are 
enumerated and described by Dr. Giinther. The range is very 
wide, species occurring in the Atlantic, Indian, and Pacific 
Oceans, and in the Mediterranean Sea. 

Agnus. Habit and teeth as in Urajwscopiis, Scales none. 
Two dorsals, the first with about four spines; ventrals jugular ; 

Eectoral rays branched. No filament in the mouth; some 
ones of the head armed. Six branchiostegals. Air-bladder 
none. Only one species mentioned, which inhabits the American 
side of the North Atlantic 

Amma. Habit and teeth as in UranoscopxLS, Scales very 
small. No filament in the interior of the mouth. One con- 
tinuous doi'sal; ventrals jugidar; pectoral mys branched ; some 
bones of the head armed. Six branchiostegals; pseudobranchice. 
Cavity of the gills without superior opening. Air-bladder none ; 
pyloric appendages in moderate number. There are three 
species which frequent the Australian and Indian seas. 

Kathetostoma. Habit and teeth as in Uraiioscapus, Scales 
none. One continuous dorsal; ventrals jugular; pectoral mys 
branched; some bones of the head armed. Cavity of the gills 
without superior opening ; six branchiostegals ; pseudobranchice. 
Air-bladder none. The only species recorded is Austi*alian. 

Leptoscopus, Form of the head as in Uranmcopus, but entirely 
covered with soft skin; body elongate; cleft of the mouth 
approaching the vertical line ; eye on the upper side of the head. 
Scales small, cycloid. One continuous dorsal; ventrals jugular; 
pectoral rays branched. Villiform teeth in both the jaws, on the 
vomer and the palatine bones ; without canines. No interior or 
exterior filament ; opercles without external spines. Cavity of 
the gills very wide, partially opened above. Six branchio- 
stegals ; pseudobranchi®. Neither an air-bladder nor pyloric 
appendages. L. macropygus, the only species, is known from 
but one locality, the neighbourhood of Port Jackson, New South 
Wales. 

The second group, or Trachininaf has the eyes more or less 
lateral. The head is not plat^jd. The lateral line is continuous, 
and the intenuaxillary is without the larger tooth on its pos- 
terior portion. It embraces ten genera, having the following 
definitions : — 

Trachinus. Body cylindrical, elongate ; cleft of the mouth 
very oblique ; eye lateral, directed upwards. Scales very small, 
cycloid. Two dorsals, the first short, with six or seven spines ; 
ventrals jugular; the lower pectoral rays simple. Villiform 
teeth in the jaws, on the vomer, the palatine, and pter}'goid 
bones. Praeorbital and operculum armed. Six branchiostegals ; 
pseudobranchiffi. Air-bladder none; pyloric appendages in 
small number. There are five species, of which four occur in the 
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Mediterranean, and three of these range into the Atlantic. One 
species exists on the coast of Chili. Two of the species belong 
to the British fauna, viz., T. draco and T. vipera. The usual 
habit of T. draco is to half bury itself in the sand, digging a 
hole by means of its tail, and then covering itself up so as to 
expose the head only. In this position it awaits, with an ex- 
pectant, ready attitude, the approach of some fish on which it 
may spring. Frequently, however, the tide ebbs while it is thus 
concealed, and persons seeing it have thought it to be stranded, 
and have received serious wounds on grasping it. The weapons 
of ofl*ence are the spines on each side of the head. The puncture 
induces great pain, but no poisonous fluid is exuded, its range 
south extends to the Cape of Good Hope. T. vipera is common 
on British shores, and has similar habits to the last-mentioned 
species. 

Percis. Body cylindrical, elongate ; cleft of the mouth slightly 
oblique; eye lateral, directed upwards. Scales small, ctenoid. 
Dorsals more or less contiguous, the spinous with five or four 
spines ; ventrals a little bemre the pectorals ; the lower pectoral 
rays branched. Villiform teeth in the jaws, w*ith.the addition ol 
canines ; teeth on the vomer, none on the palatines. Operculum 
with two small spines ; prajoperculum entire or slightly denticu- 
lated. Six branchiostegals ; pseudobranchiae. Air-bladder 
none; pyloric appendages in small number. The fourteen 
species described live in the Indian, Australian, and the western 
portion of the Pacific, Oceans. 

Aphritis, Cylindrical, elongate ; cleft of the mouth slightly 
oblique, with the lower iaw rather longer ; eye lateral. Scales 
rather small, minutely ciliated. Two separate dorsals, the first 
with six spines; ventrals jugular, with one spine and five soft 
rays ; the lower pectoral rays branched. Villiform teeth in the 
jaws, on the vomer, and the palatine bones, without canines. 
Six branchiostegals. Air-bladder none ; pyloric appendages in 
small number. There are three species ; one frequents the fresh 
waters of Van Diemen's Land, the other two occur on the west 
coast of South America. The latter may, however, belong to a 
distinct genus. 

Sillago, Bofly somewhat cylindrical, elongate; cleft of the 
mouth small, with the upper jaw rather longer; eye lateral, 
somewhat directed upwards. Scales rather small, ctenoid. Two 
dorsals, the first with nine to twelve spines ; ventrals thoracic ; 
the lower pectoral rays branched. Villiform teeth in the jaws 
and on the vomer, none on the palatines. Operculum ter- 
minating in a point ; prseoperculum aenticulated. The bones of 
the head with the muciferous system developed. Six branchio- 
stegals; pseudobranchia). Air-bladder simple; pyloric appen- 
dages in small numbers. There are eight species which frequent 
the oceanic areas bounded by the south coasts of Asia and by 
Australia. 

Eleginus. Body elongate, somewhat cylindrical ; cleft of the 
mouth small, with the upper jaw rather longer; eye* lateral. 
Scales rather small, minutely ciliated. Two dorsals, the first 
with eight or nine spines; ventrals jugular; the lower pectoral 
rays branched. Villiform teeth in the jaws, none on the palate. 
Operculum without spine ; praeoperculum entire. Six branchio- 
stegals; pseudobranoiiae. Air-oladder none; pyloric appen- 
dages in small numbers. There are two species, both from the 
seas off the southernmost part of America. 

Epicopus, Body elongate, compressed posteriorly; snout 
long, depressed, wdth the cleft of the mouth wide, and with the 
lower jaw rather longer. Eye lateral. Scales small. Two 
dorsals, the first with nine or eleven feeble spines; ventrals 
jugular, with one spine and six soft rays ; the lower pectoral rays 
branched. Jaws, vomer, and palatine bones with strong cardi- 
form teeth. Opercles not armed. Branchiostegals six; gill 
membrane not joined to the isthmus undemeatn. The only 
species known was obtained from the coast of Chili. 

Percophis. Cylindrical, very elongate; cleft of the mouth 
nearly iiorizontal, mth the lower jaw very prominent; eye 
Lateral. Scales small, ctenoid. Two separate dorsals, the first 
with about ten spines; ventrals jugular; the longer pectoral 
rays branched. Teeth in the jaws, on the vomer, and on the 
palatines, with very strong canines. Operculum with small 
spines; praeoperculum entire. Seven branchiostegals; pseudo- 
branchisa. Air-bladder none ; pyloric appendages. The only 
species known is Brazilian. 

Chcsnichthys, Body rather elongate, slightly compressed ; 
head very large, with the snout spatuliform, and with the cleft 
of the mouth very wide, and the lower jaw longest. Eye lateral. 
Scales none ; lateral line with granulated plates. Two dorsals, 
the first with seven spines ; ventrals jugular; the lower pectoral 
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rays branched. In both the jaws cardiform teeth; palate smooth. 
Opercles armed. Six brancluostegals ; gill membrane joined to 
the isthmus underneath ; pseudobranchiie. Air-bladder none ; 
pyloric appendages in small number. There is but one species, 
which was procured from Kerguelen's Land. 

Bovichthys. General aspect cottoid ; posterior portion of body 
compressed ; cleft of the mouth horizontal ; with the upper fin 
rather longer; eye lateral, more or less directed upwards. Scales 
none. Two separate dorsals, the first with ei*;ht spines; ventrals 
jugular; the lower pectoral rays simple. Villiform teeth in the 
jaws, in the vomer, and palatine bones, without canines. Oper- 
culum with a strong spme ; prseorbital and praeoperculum not 
armed. Seven branchiostegals. There are three species, which 
occur in the seas off South America and Australia. 

Trachodon. Body compressed, elongate, with the abdomen 
trenchant ; cleft of the mouth nearly vertical ; eye lateral ; scales 
none. Two dorsals ; the spinous low, but as long as the soft ; 
ventrals thoracic ; the lower pectoral rays simple. Villiform 
teeth in the jaws and on the vomer; none on the palatine bone. 
Pneorbital and praeoperculum armed. Five branchiostegals. 
The only species Known lives on the coast of Kamtchatka. 

The thiiti group, or Pinguipedina, has the head more or less 
compressed, and covered with scales. The eye is lateral. The 
lateral line is continuous. The intermaxillary has a larger tooth 
on its posterior portion (labroid). Air-bladder present. It con- 
tains two genera. 

Pinguipes, Body cylindrical ; cleft of the mouth slightly 
oblique ; eye lateral ; scales small, minutely ciliated. One con- 
tinuous dorsal, with five to seven spines ; ventrals thoracic, or a 
little before the pectorals ; the lower pectoral rays branched. A 
villiform band of teeth in the jaws, with strong outer ones ; 
teeth on the vomer and palatines. Operculum with small spines ; 
praeoperculum entire. Six branchiostegals. Air-bladder pre- 
sent ; pyloric appendages in small number. There are three 
species, all of which have been obtained from the coasts of South 
America. 

LaiUus. Body rather elongate, slightly compressed ; cleft of 
the mouth horizontal, with the jaws equal ; eye lateral. Scales 
small, finely ciliated. One continuous dorsal, with four to eight 
spines ; ventrals thoracic, or somewhat in advance of the pecto- 
rals ; the lower pectoral rays branched. Villiform teeth in the 
jaws, with canines ; none on the palate. Operculum without 
spine; praeoperculum denticulated. Six brancliiostegals ; pseudo- 
branchiae. Air-bladder simple ; pvloric aj)pendages in small 
number. Five species are recorded. The range is from the 
Indian Archipelago and the Chinese Sea on the west, to the coasts 
of Chili and Brazil on the east. 

The fourth group, or Pseudochromides, has the eyes more or 
less lateral ; the head not cuirassed ; and the lateral line inter- 
rupted. It embraces the six following genera : — 

Opisthognathus, Body rather elongate, rounded anteriorly, 
sligntly compressed posteriorly; the upper profile of the snout 
parabolic ; cleft of the mouth lai^e ; the upper maxillary pro- 
duced backward ; eye lateral, large. Scales small, not ciliated. 
Lateral line not continued to the caudal. One dorsal, with the 
unarticidated rays flexible ; ventrals jugular ; the lower pectoral 
rays branched. In both the jaws fine cardiform teeth ; palate 
smooth. Opercles not armed. Six branchiostegals ; the gill 
membranes Joined together inferiorly ; pseudobranchiae. Air- 
bladder sm^; pyloric appendages none. There are five sjiecies. 
Three species occur in the Indian Ocean, and the other two on 
the east coast of South America. 

Pseudochromis, Head and body rather compressed, more or 
less elongate ; cleft of the mouth rather obli(jue, with the lower 
jaw longest ; eye lateral. Scales of moderate size, ciliated ; lateral 
line interrupted. One dorsal with a few spines anteriorly; ventrals 
thoracic ; the lower pectoral rays branched. Jaws with cardiform 
teeth, anteriorly ^dtn canines ; vomer and palatine bones toothed. 
Praeoperculum entire. Six branchiostegaw ; the gill membranes 
joinea inferiorly ; pseudobranchiae and air-bladder present ; 
pyloric appendages none. It includes eight species, which occur 
in the seas between the Red Sea on the one hand, and that which 
surrounds the Philippine Islands on the other. 

Oichlopt. Head and body rather compressed, more or less 
elongate; cleft of the mouth oblique, with the lower jaw longest ; 
eye lateral. Scales of moderate size, ciliated ; lateral line 
interrupted. One dorsal with a few spines anteriorly; ventrals 
insertea below or before the pectorals ; the lower pectoral rays 
branched. Jaws with cardiform teeth, anteriorly with canines ; 
vomer toothed ; palatine bones toothless. Praeoperculum entire. 
Six branchiostegals ; pseudobranchiae and air-bladder present ; 



pyloric appendages none. There are three species, all of which 
occur in the sea-s surrounding the East Indian Archipelago. 

Pseudoplesiops, Head and body rather compressed, oblong ; 
jaws equal anteriorly; eye lateral Scales of moderate size, 
cycloid ; lateral line interrupted. One dorsal without spines ; 
ventrals jugular, without spines. Jaws and vomer with a band 
of teeth, the former with canines ; palatine bones toothless. 
Praeoperculum entire. Six branchiostegals ; pseudobranchiae 
entire. Only one species is known, from the Sea of Goram. 

Notothenia, Body more or less elongate, slightly compressed 
posteriorlv, rounded anteriorly with the head depressed ; cleft of 
the mouth slightly oblique, with the lower jaw longest ; eye 
directed upwards. Scales rather small, ciliated ; lateral line 
interrupted Two dorsals, the first separated from the second 
by a very deep notch, with the spines flexible (in one species 
stiff); ventrals jugular; the lower pectoral rays branched In 
both the jaws cardiform or villifonn teeth ; palate smooth. 
Operculum with two obtuse points ; praeoperciilum entire. Six 
branchiostegals ; the giU membranes joined inferiorly; pseudo- 
branchiae. Air-bladder none ; pyloric appendages in small 
numbers. There are nine species, all natives of the seas 
surrounding the South Pole. 

Harpagijer, Habit cottoid. Scales none ; lateral line not 
continued to the caudaL Two dorsals, the first with thi«e or 
four flexible spines ; ventrals jugular ; the lower pectoral rays 
branched. In both the jaws villiform teeth ; palate smooth. 
Operculum and sub-operculum ^vitll very long spines. Six 
branchiostegals ; the gill membranes attached to tne isthmus 
between ; pseudobranchiae. Air-bladder none ; pyloric ap- 
pendages in small number. There is but one species, which 
has been found off Cape Horn and the Falkland Isles. 

(Giinther, Catalogue of the Acanthopterygian FisJies in the Brit. 
Mils. Coll. vol. ii.) 

TRIOPTERYS, a genus of plants the species of which 
flourish in tropical America. The flowers have a purple or 
violet hue, and the mature fruit is three-lobed, each lobe being 
provided with three wing-like api>endages. It is from this last 
character that it obtains its generic name of Tiiopterys, or the 
three-winged. A few species are cultivated in this country. 

TROGLODYTES, a genus of anthropoid apes, of which some 
three or four, perhaps more, species are known. One of these, the 
Chimpanzee, is noticed under Chimpanzee, E. C. i. cols. 1019 — 
1022, and a second species, the Gorilla, is also cursorily de- 
scribed. In addition to these we are now acnuainted with the 
Troglodf/tes Axihryi of Gratiolet, T. Kooloo-Kamba, T. calvus, and 
possibly one or two others. At present, however, there does not 
seem to be more than three well-established species, viz., the 
Chimpanzee, the Gorilla, and Gratiolet's species. Of late years 
great mterest has been taken in these apes, mainly owing to the 
conviction manifested by some of the most eminent anatomists 
and physiologists of the present century, that of all the forms of 
animal life these approach most nearly to man, so far as con- 
cerns the structure of the bodv. All the species are inhabitants 
of the west coast of equatorial Africa, and as they live either in 
the same or in closely contiguous districts, while most of the 
older accounts of them have been derived from the natives, not 
from actual observation, it has naturally happened that the 
species have been confused together, and that the habits of 
one have been applied to another. . The imperfect descriptions, 
the superstitions of the natives, and many other circumstances, 
have rendered the older accounts very obscure. 

These aiM?s are so far like men that the native Africans gene- 
rally believe them to be such, and, in accordance therewith, call 
them men and women, terms which have been adopted by old 
voyagers along with husband and wife, and which give a 
certam quaintness to their narrations. One of the earliest 
voyagers to equatorial Africa was Hanno, who is supposed to 
have lived in about the sixth century before Christ. He pro- 
ceeded along the west coast as far south, prolmbly, as Fernando 
Po, or one of the other islands in the Gulf of Guinea. Respect- 
ing the furthest limits of his voyage, he has the following 
remarks, as rendered by Falconer. " On the third day after our 
departure thence, havmg sailed by those streams of fire, we 
arrived at a bay called the Southern Horn, at the bottom of 
which lay an island like the former, having a lake, and in this 
lake another island, full of savage people, the greater part of 
whom were women, whose bodies were hairy, and whom our 
interpreters called Gorillae. Though we pursued the men we 
could not seize any of them ; but all fled from us, escaping over 
the precipices, and defending themselves with stones. Three 
women, were, however, taken ; but they attacked their con- 
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diictors with teeth and hands, and could not be prevailed on to 
accompany us. Having killed them, we flayed them, and 
brought their skins with us to Carthage. AVe did not sail 
further on, our provisions failing us." This passage has been 
thought to apply to the chimpanzee by some, and, probably 
influenced by the name, to the gorilla by others. It is not 
sufficiently definite for us to say what species was referred to. 
Certainly the creatures were not real men and women, but some 
species of ape. Along the coast of equatorial Africa there are 
several kinds of apes, and the passage recalls to mind one of the 
baboons rather than tlie antnropoid forms mentioned. The 
species of Troglodytes are essentially tree-climbers, seldom de- 
scending to the ground, except when crossing short spaces in the 
forest. The baboons, on the other hand, are excellent rock- 
climbers. Baboons are commonly gregarious, whereas chim- 
panzees and gorillas do not generally occur in large herds. 
Baboons are very strong, but may be captured alive by a few 
powerful men, whereas it would be very difficult to perform the 
same feat with the chimpanzee, and it is doubtful if it has even 
been done with mature gorillas which have not been enfeebled 
by wounds. Baboons generally fly away from man, seldom 
making any very vigorous defence, whereas in the case of the 
gorilla, it usually happens that the male is ready to defend the 
females and young against any enemy that approaches. In 
short, the narrative applies more accurately to the drill or to 
the mandrill than to any of the other apes knoAvn to frequent 
this district. 

In the sixteenth century, Andrew Battel, a native of Leigh, in 
Essex, was taken prisoner by the Portuguese, and by them com- 
pelled to carry on trading operations for them with the natives 
of Angola, Congo, and Loango. His stay in those countries 
extended over eighteen years, and the results of his observations 
form a portion of that quaint old collection of travels which 
Purchas brought together. Battel, in describing the province of 
Mayumba, mentions a great river, called Banna, which is said to 
be closed by a bar in the winter months, but to be open to 
navigation in the summer ; a description which would apply to 
the Femand Vaz liver. The woods in this locality, he states, 
are covered with "baboones, monkies, apes, and parrots;" but 
besides these there are two kinds of monsters which are both 
common and dangerous. " The greatest of these two monsters is 
called Pongo in their language, and the less is called Encego. 
The pongo is in all proportions like a man, but that he is more 
like a giant than a man ; for he is veiy tall and hath a man's 
face, hollow-eyed, with long hair upon his browes. His face 
and eares are without hair, and Ids hands also. His bodie is 
full of haire, but not verj' thicke, and it is of a dunnish colour. 
He differeth not from a man, but in his le^s, for they have no 
calfe. Hee goeth always upon his legs, and carrieth his hands 
clasped on the nape of his necke when he goeth upon the 
ground. They sleep in the trees, and build shelters for the 
raine. They feed upon fruit that they find in the woods, and 
upon nuts, for they eat no kind of flesh. They cannot speak, 
and have no imderstanding more than a beast. The people of 
the countrie when thev travaile in the woods make fires where 
they sleepe in the night, and in the morning, when they are 
gone, the pongoes will come and sit about the fire till it 
goeth out, lor they have no understanding to lay the wood 
together. They goe many together, and kill many negroes that 
travaile in the woods. Many times they fall upon the elephants 
which come to feed where they be, and so beate them with 
their clubbed fists that they will run roaring away from them. 
Those pongoes are never taken alive, because they are so strong 
that ten men cannot hold one of them ; but yet they take many 
of their young ones with poisoned arrows. The young pongo 
hangeth on ms mother's oelUe, with his hands fast clasped 
about her, so that when the countrie people kill any of the 
females they take the young one, which hangeth fast upon his 
mother. When they die among themselves they cover the dead 
with great heapes of boughes and wood which is commonly 
found in their forests." I'his account is wanting in precision 
and accuracy, but is so far important that the name for the 
chimpanzee amount the natives of the present day is that which 
Battel applied to the lesser of the monster apes. The word is spelt 
in various ways, since each author attempts to express as nearly 
as possible the sound. Tnchego, ntchego, nchego, nshiego, are 
examples of the mode of spelling. The pongo, then, is probably 
some ape larger than the chimpanzee, but the account seems to 
refer to two or more species of Troglodytes. The great strength 
attributed to the pongo could hardly be assigned to any other 
ape than the gorilla ; many of the other details, such as the size, 



the long-haired brow, the shape of the legs, and the habit of the 
young, are true of the gorilla, but they are also true of other 
apes than it. The formation of a shelter from rain is not the 
gorilla's habit, but it is that of the species or variety which 
Du Chaillu calls Troglodytes cahus. The name pongo does not 
seem to be known to the natives now, and it does not appear to 
be a misapplication of the name of the Mpongwe tribe to the 
ape, since this tribe was unknown on the coast in Battel's time, 
and first arrived at their present locality in the present century. 
Formerly they lived far in the interior. The native name now 
is ngenay which, like nshiego, has been spelt in many ways. 

In 1699 appeared the first full anatomical description of an 
anthropoid ape. It was written by Tyson, and was oased on a 
young male chimpanzee. It is so exhaustive and accurate that 
it still retains a high place in the literature of the subject. In 
1766 Buffon and Daubenton published their accounts of the 
structure and habits of the chimpanzee. After this, numerous 
scattered notices of Troglodytes were published ; but it is not 
until 1774 that we have an apparent reference to tiie gorilla. 
In that year appeared the first volume of Lord Monboddo"s work 
on the origin of languf^e, in which is inserted a letter from Mr. 
Bell, describing three species of anthropoid apes as existing on 
the west coast of Africa. " The first and largest is by the 
natives of Loango, Malemba, Calcnda, and Congo, called or 
named Impungu. This wonderful and frightful production of 
nature walks upright like a man, is from seven to nine feet high 
when at maturity, thick in proportion, and amazingly strong ; 
covered with longish hair, jet black over the body, but longer 
over the head ; the face more like the human than the chun- 
panza, but the complexion black, and has no tail. When this 
animal sees a negroe, it mostly pursues and catches them ; it 
sometimes kills them, and sometimes takes them by the hand 
and leads them along with them. Some that have' made their 
escape say that this animal when it goes to sleep does not lie 
down, but leans against a tree. In tliis position, when the 
prisoner finds it asleen, he steals away the hand or arm softly 
from his, and so steals away quietly — sometimes discovered and 
retaken. It lives on the fruits and roots of the country, at 
the expense cliiefly of the labour of the natives ; and when it 
happened to be where there is no water, there is a tree with a 
juicy bark, wliich it strikes with its hand, bruises, and sucks the 
juice ; and some of this tree it often carries with it when it 
travels, in case it should not find it or water by the way. And, 
indeed, I have heard them say that it can throw down a palm 
tree by its amazing strength, to come at the wine. I never saw 
tliis animal ; but there was a young one brought down from the 
inland country to the king of Malemba, which is next to 
Calenda, while my son was there. The people that brought it 
down said that it was quiet and composed the several months 
they had it ; eating and taking its victuals and drink quietly. 
It was brought down ^vith a yoke about its neck, and its hands 
tied like the other slaves that came with it, and came down 
quietly. But when it came to the king's town, such amazing 
crowds came to see it from all quarter, it grew sullen and 
sulky ; for being so exposed it would eat no victuals, and died in 
four or five days. It was young ; about six feet and a half high. 
I have never seen this animal, nor my son ; but he, in his last 
voyage, saw the hand of one of them cut off, about four inches 
above the joint of the wrist. It was dried and withered ; yet 
in that state its fingers were as big as three of his, or bigger than 
his wrist, rather longer than the proportion of ours ; and the 
part where cut off, in that wrinkled state bigger than the biggest 
part of his arm ; the upper part of the fingers, and all the other 
parts, covered with black hair ; the under part like the hand of 
a negro. It is said to be the strongest of all the beasts of the 
wood, and all are afraid of it. I have not heard of this animal 
anywhere than on the coast of Angola.'' Much of this seems to 
be based upon hearsay evidence, as indeed it purports to be ; 
but the dimensions are much exaggerated, unless it refers to an 
anthropoid ape still larger than the gorilla, which hardly seems 
likely. He then describes the habits of the chimpanzee, which 
is said to be the smallest of the three species. Lastly, he refers 
to a species intermediate in size between the chimpanzee and 
impungu, which resembles the chimpanzee in eveiy respect but 
size. It does not agree with the chimpanzee, and is never asso- 
ciated with that species. He calls it the Itsena, which may be 
the same as Ngina, the native name for the gorilla. No details 
are given about it, but if the gorilla is intended, there is still a 
large ape to be discovered. It is possible that the impungu is 
the gorilla, and the itsena may be either the Troglodytes Kooloo* 
Kamha of Du Chaillu, or the T, Aubryi of Gratiolet. 
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In 1810, Bowilith says he liad heard of an ape at the OnLoon 
called Ingena, which was five feet in height and four acrosi the 
shoulders, which built a rude house, and slept on the outside of 
it. This will apply to the gorilla. 

In 1835 Profusflor Owen deacribeil the nkeleton of an adult 
chimpanzee. In 1841 Professor Vrolik pnhlisbed an elaborate 
memoir on the anatomy of the same species. In 184G Walker 
obtained the firet umiiieslionable evidence relative to the gorilla 
in the form of two skulh. In 184T he obtained various other 
portions of the animal, which were forwarded to and reported 
on by Slesars. SaTa;;e and Wjman, of Boston. According to 
Dr. Savage tlie gorilla is about Ave feet high, exceedingly broaii- 
ehouldereJ, and covered with black hair, but in old specimens 
the black turns to grey. The moat prominent features about 
the head are the great width and elongation of the face, the 
maasiveneas of the jaws, and the hairy ridge on the head, 
which the creature can bring down over its beetling eyebrows so 
as to add greatly to its ferocious aspect when enraged. It pro- 
gresses by a shuffling gait, the body never being so upright as in 
man, but bent forward. Prom the bulk of its body and the 
shortness of its legs, it waddles and rolls when walking. The 
iMual mode of progression on the ground is by resting the 
knuckles on the ground, and moving itself fonranl on its 
long omu by a. sort of half Jumping, half swinging motion, 
like that of a man on crutches. When it rises on its hind 
legs, which isonly done on rare occasions and for sliort distances, 
it secures the bcdancing of its body by swinging the arms up- 
ward and over its head. It lives in small bands, Renerally 
composed of one adult male and several females and yotmg 
individuals. Not unfreciuenlly, however, thay are met with 
singly or in pairs. The dwellings fonued by it are like those 
of the chimpanzee, consisting of a platform of slicks and 
branches, without any special protection from rain. Tliese are 
occupied at night only. The gorilla is to a certain degree 
offensive in its habits ; for, being the strongest animal in the 
forest, it flies from nothing, and on the approach of any foe, the 
old raoles at once advance to the defence of the band. " It is 
said," remarks Dr. Savage, "that when the male is hrst seen he 
gives a terrific yell that resounds far and wide through the 

forest, something like Kh ah ! Kh — ~ah ! prolungi-d and 

shrill. His enormous jaws are widely opened at each expira- 
tion, his under lip hongs over the chin, and the hairy ridge and 
scalp is contracted upon tlie broi\-, presenting an aspect of inde- 
scribable ferocity. The females and younf; at the first ciy 
quickly disappear ; he then ajiproaches the enemy in grc»t fun*, 
pouring out his horrid cries in quick successioit. The liuiiti;r 
awaits his approach with his gun extended ; if bis aim is not | 
snre, he permits the animal to (n^'p the barrel, and as he carries 
it to bis mouth (which is his habit), he fires; should the gun 
fail to go olf, the barrel (that of an onlinair musket, which is 
thin,) is crushed between his teeth, and tne encounter soon . 
proves fatal to the hunter. The food consists of the subacid 
pulpy fruits of species of Auiomum, the sweet stem of the 
sugar-cane, and various parts of the oil palm or Klait guinetntis, 
Carica papaya, Mum tapientuim, and several other |>lants." 

The osteological specimens obtained by Dr. Savaj,'e were sub- 
mitted to Mr. Wyraan'a attention, who pointed out the leading 
peculiarities of tlie skull, and how tlie anatomical stmclure indi- 
cated the gorilla's arboreal habits and general unfitness for as- 
suming an erect attitude. The conditions for walking erect are 
the nearly even balance of the head on the atlas ; the double 
curvature of the vertebral column so as to bring the centre 
of gravity into the pelvic plane i the verticnlity of the axes 
of both ue thigh and the leg ; and the articulation of the 
feet at right angles to the axis of the leg, so as to penult of 
the sole resting flatly on the ground. All these conditions 
are wanting in the gorilla. Thus the foramen m^num, 
which is near the middle of the base of the cranium in 
man, is near the posterior third in the gorilla, so that the 
head tends to lean forward. The vertebral column forms 
a single curve, with the concavity on the ventral side, a 
circumstance which, taken in conjunction with the prominent 
abdomen, renders even the assumption of the semi-erect position 
irksome, owing to the force of gravity drawing the body forward. 
In order that the animal can stand up at all, it is obliged to bend 
its knees, so as to bring the centre of gravity more under itself. 
The feet are articulated almost vertically with the leg,B position 
which is highly favourable for arboreal locomotion, but un- 
favourable to terrestrial progression, since the feet are then 
inverted, and the animal is supported on the onter edge of its foot. 

In 1861 Owen published a full description of the skeleton of 
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the gorilla, and two years aflerwards a comparison between it 
and the osseous framework in the chimpanzee and the negro. In 
1862 and subsenuent years Isidore Geoffroy St. Hilaire made 
various commumcations on the same subject to the Academy of 
Sciences at Paris. In 1855 Duvemoy made further contributions 
of a highly important character towards the knowledge of this 
animal's structure. In 1854 Gratiolet gave the first accurate 
description of the brain of the chimpanzee, which was followed 
in 1860 by a less complete account of the gorilla's brain. 

In 1861 Du Chain u's book on Equatorial Africa contributed 
considerably towards our knowledge of the anthropoid ape*. He 
says the gorilb lives in the loneliest and darkest portions of the 
jungle, preferring the deep valleys and rugged heights where 
most wooded. It is exceedingly nomadic in babit, seldom 
staying more than a few days in the same locality. It eats 
enormous quontities of food, which consists entirely of vegetables. 
According to him it does not live much on the trees. He always 
found the gorillas on the grounil, although they frequently climb 
after nuU and fruits, which, however, are eaten on the ground. 
It is fond of the wihl sugar-cane, and of the white ribs of the 
pineapple leaf ; but will also eat numerous kinds of berries, the 
piths of some trees, and a nut with a very hard shell, which ia 
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so tough that it rc([uircs a strong blow with a heavy hammer to 
break it. It ia supposed that the gorilla crushes it with bis jaws, 
which are known to be of surpassing streMth from the facility 
with which the barrel of an old Birmiiigliam can be crushed 
between them. The young only sleep on the platform of twigs 
in the trees, while the old ones generally sleep on the ground. 
Du Ohaillu believes the old male always sleeps in a sitting 

Sosition at the foot of a tree, or elsewhere on the ground. He 
escribes the gorilla's loud voice, and its immense strength, 
which is said to vastly exceed that of the strongest boxer tlie 
world ever saw. Its mode of meeting an enemy ig thus 
described by him: — "The gorilla advances by short stages, 
stopping to utter bis diabolical roar, and to beat his vaat breast 
with hia paws, which produce a dull reverberation as of an 
immense lioss drum. Sometimes from the standing position be 
seats himself and beats hia chest, looking fiercely at his ad- 
versary. His walkiaa waddle from side to side, his hind legs — 
which are very short — being evidently somewhat inadequate to 
the proper support of the huge superincumbent body. He 
balances himself by swinging Ids amis, somewliat as soilorj 
walk on shipboard; and the vast paunch, the round bullet 
head, joined awkwardly to the trunk with scarce a vestige of 
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neck, and the fireat muscular arms and deep cnvenioiis breast, 
give to this wiwidle anungainljLorror, whioliadds tohia ferocity 
of oppearance. At the same time the deep-set grey eyes sparkle 
out with gloomy raali|niity ; the featurea are contorteii in 
hideous wrinldea, and the alight sharply cut tips, dnura up, 
reveal the long fangs and the powerful jaws, in which ft human 
liml) would be crushed aa a biscuit." Ordinarily, he gaya, 
the gorilla walks on all fours, not on its liind lega. The 
height varies, and haa about the annie range as in man, or bom 
five feet to upwards of mi feet. The largest specimen measured 
hy him was ft. B in., but he saw portions of a skeleton which 
waa far loreer than any he poisesscd, and which he conjectured 
must have been at least C ft. 2 iu. high. The females are much 
amaller than the males, and are seldom more than five feet high. 
Theaameauthorgives many details on the proportions and struc- 
ture of the various parts of the body. He also gives acoounta of 
the chimpaniee, as also of two other species, which he colls 
Troiflodytu calvoi, and T. Kooko-Kamba. T. calvui is called 
nshiego mbouve by the natives, and ii restricted to a very 
limit«l area in the dense forests on the table land of the interior. 
It ia anialler and weaker than the gorilla, and builds a sheltering 
place for itself in the trees. The shelter ia made so compactly 
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of leaves aa to exclude a great deal of the lain. The roof is 
umbrello'shaped, about six oi eight feet across, and the blanches 
are tied to the trunk of the tree by means of vine sl«nis. The 
whole contrivance ia said to show great ingenuity and intel- 
ligence. T. KooUxhKamba is very rare j and Du Chaillu only 
saw one specimen. He says "it is smaller than the adult male 
gorilla, and stouter than the female gorilla. The head is its 
most remarkable point This struck me at once as liaving an 
expression curionslv like to an Esquimaux or a CMnaman. The 
face is bare and black. The forehead is higher than in any 
other ajw, and the cranial capacity greater by measaremejit 
proportionally to size. The eyes are wider apait than in any 
other ape. The nose ia flat. The cheek bones are high and 
prominent, and the cheeks sunken and lank. The ridge over 
the eyes is well marked. The muzzle is less prominent and 
broader than in the other apes. The sides of^ the faces ate 
covered with a growth of straight hair, which, meeting under 
the chin like the human whiskers, gives the face a remarkably 
human look. The aims reach below the knee. The hair on 
the arm meets at the elbow, growing upwards on the forearm, 
and downwards on the arm. The bodyis hairy. The shoulders 
are broad, the handa long and narrow, showing it to be a tree- 



climber. The arms and hands are very miucular. The abdo- 
men is very prominent, as it is in the gorilla. The ears are 
very lai^o, and are more nearly like the hunian ear than those of 
any other ape." Du Chaillu devotes a whole chapter to the 
skeleton of the African anthropoid apes, the details being partly 
■n from other authorities, and jartly based upon liis own 
observations. 

From 1861 onwards scarcely a year has paiaed without some 
important memoir on one or moru of the species of Troglodylti. 
In 1861 Wilder's contributions to the comparative myolof^ 
of the chimpanzee appeared. In 1362 appeared Owen's memoir 
on the osteology ol anthropoid apes — one of a long aeries of 
memoirs which commenced m 1848. In 1863 were published 
works by Barkow, Meyer, and Embleton ; in 18S4, memoirs bjf 
Tliompson, Bianconi, CrJah, and Gibb ; in 1865, another memoir 
bv Owen, which is devoted almost exclusively to the gorilla. 
In it he givea minute details in support of his view that the 
gorilla conies nearer to man than the chimpanzee or any other 
mie. In 1866 appeared the elaborate memoir on the anatomy of 
Trogladyla Xubryt by Gratiolet and Alix, a work which every 
student of the genus ought to consult, it is far too long (ex- 
tending to 263 pages) for abstraction here ; but we may give the 
following summary of the conclusions which the authors ar- 
rived at. 

Referring to the opinion of some authors, auch as Savage, 
Wyman, Owen, and Huxley, that the gorilla and chimpanzee 
belong to the same genus, and of others, such as Duvemoy, 
Isidore Geolfroy St.-Hilaire, Jules and Edouard Verreaui, that 
they are generically distinct, it is pointed out that Gratiolet also 
shared in the last-iuentioned view. In any case, it would seem 
there is a unanimity of belief lh.it the gorilla and the other 
species of Troglodi/tci form two separate groups. In some 
respects, such as the presence of five tubercles on the lost lower 
molars, the degree ot prognathisui, and the heaviness of build, 
T. Aidirni approaches the gorilla ; but in almost every other 
respect it belongs to the chimpanzee group. Its large et 
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longer than wide ; the zygomatic arches do not have a double 
curvature ; the temporal crests are loi apart, and do not unite in 
the median line ; the cervical spines are shorter than those of the 
gorilla ; and the scapula is narrow and long. The pelvis is 
longer, the sacrum narrower, than in Uie gorilla, and more like the 
same parts in the chimpanzee. The thumb is shorter in propor* 
tions than that of the gorilla, and the arm is quite as long as the 
forearm, not longer. In the form of the skull and of the face it 
is more tike the chimpanzee than the gorilla. The myology of 
the chimpanzee and gorilla presents few distinctive points ; but 
T. Aiihryi agrees with the chimpanzee group rather than with 
the gorilla. On the whole, then, if Troghdytei be split up into 
two genera, T. Avbryi should be placed along with the chim- 
panzee. 

T. Auiryi has a general resemblance to man, but the dif- 
ferences become more prominent than the reaemblancea when the 
organs are studied in detail ; and these differential points are 
usually referable or rather correlated with the tree-climbing 
habits and feeble intelligence of the ape. 

In 1867 IJischofl' made a comparison between the skulls of the 
gorilla, the chimpanzee, and the orang-outan, with a reference 
to the bearing of the facts upon Darwin's t)ieoiT as to the origin 
of species ; and in 1868 the peculiarities of all the apes were 
pointed out in a comprehensive manner by Mlvart in his memoir 
on the osteology of the PrinMtet. In it there ia much informa- 
tion as to the anthropoid apes. In the many memoirs which 
have been alluded to above there are numerous interesting 
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questions discussed, and a crowd of facts enunciated, for which 
tne reader must consult the originals. The accompanying cuts 
represent the general form and proportions of a large male 
gorilla, and are taken from the specimen in the Museum of the 
Anthropological Socie^ of London. 

(Sanford, Am, J, Sd, 2nd Series, vol. xxxiii. pp. 48 — 64 ; 
Wilder, Joum. Bost, Soc, Nat Hist vol. yil, pp. 352 — 384 ; 
Embleton, Nat, Hist. Rev,f(yr 1864, pp. 250—258 ; Owen, Trans. 
ZooL Soc vols, iii., iv. ana v. ; Meyer, Die Gorilla mit Beriiclc- 
sichtiffung der UnterscJiiedes zioischen MenscJien und Affen und der 



neueren Umwandlungsiheorie der Arten, 1863 ; Reade, Savage 
Africa^ 1863 ; Haimo, Voyage, translated by Falconer; Gratiolet 
and Alix, RcdiercJies sur lAnatomie du Troglodytes Aubryiy Chinp- 
panze d^une espdce nouvelle, in Nouvelle Archives du Mus. d'HisL 
Nat, ii. pp. 1 — 264, 1866 ; Bischoflf, Ueber die verschiedenheit in 
der SchadeWildung des Gorilla, Chimpanse, und Orang Outang, 
vorzuglich nach Gescklecht und Arten neost einer Bemerkung iiher die 
Darwinische Theorie, 1867 ; Mivart, On the Appendicular Skeleton 
of the Primates, PhU. Trans. 186a) 
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VIPERIDuE. In the E. C. a reference is made firom Caudi- 
SONA to ViPERiDiE, but was not fulfilled. In the re-issue 
the reference was altered so as to apply to the present heading. 
The genus, however, belongs to the rattlesnake group, Crotalidce, 
and is entirely restricted to the central regions of America. Ac- 
cording to Cope, the species naturally group themselves into two 
sections, according as the muzzle is crowned with three pairs of 



symmetrical shields in contact, or with a number of small 
plates. The first section embraces four species, which range 
Irom Brazil on the south to New Mexico on the north. The 
species of tlie second section are 13 in number, and as a group 
nave a more northern distribution than the first section, ranging 
from Mexico to California, Georgia, and Arizona. 
(Cope, Proc, Philad, Acad, for 1866, p. 308.) 
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TI7ELWITSCHIA. A genus of plants belonging to the order 
T V Gnetaceoe, and based upon a singular plant which was dis- 
covered by Dr. Welwitsch in 1860 on the dry sandy plateau of 
Benguela, in Western Africa. In 1861 Bainea found it in the 
Damara country ; and in 1862 Mr. Monteiro collected some speci- 
mens in the dry sandy district of Mossamedes, or Little Fish Bay ; 
and in the same year Andersson obtained it in the arid flats about 
Waalfiscli Bajr. All these belong to the same species, W, mira- 
hilis, so that its range is from about 14° S. to about 23° S. It is 
a woody plant, forming a short trunk about two feet long, which, 
however, rises a few inches only above the soil, while its circum- 
ference is sometimes as much as 14 feet. In appearance it looks 
like a round table formed of dark brown wood, and having the 
surface cracked in all directions. On the external surface of the 
trunk are deep grooves, from which arise two exceedinglv large 
leaves, whose dimensions sometimes attain six feet in lengtn. 
These leaves are flat, narrow, and usually split up into numerous 
slips, which lie trailing on the ground, curled up into all kinds 
of curious contortions. These leaves are the cotyledons them- 
selves — a fact which is supported hj the authority of Dr. Wel- 
witsch. Immediately above the insertion of the leaves, and 
consequently at the cii"cumference of the woody tabular mass, 
spring bifurcated branched stems from six inches to a foot hi^h, 
which support small erect scarlet cones with imbricated scales, 
and about the size of the spruce-fir cones when mature. The 
cones are either hermaphroditic in structure, but not in function, 
or female. It is closely allied to Ephedra and Gnetum, but 
differs from them, and indeed all known gymnosperms in want- 
ing disc-bearing wood cells. In the absence of these cells, in the 
hermaphrodite flowers, and in the mode of impregnation of its 
seconoary embryo sacs, it is intermediate in nature between 
angiospermous and gymnospermous plants. 



Dr. Hooker has given full details respecting the structure and 
minute analogy of this plant in the undercited memoir, -which is 
illustrated with fourteen plates. After referring to the great 
interest which excited botanists on the discovery of Rafiesia 
Arnoldii, he remarks that the discovery of the present species is 
the most wonderful that has occurred in the present century 
from a botanical point of view. The structure of the vascular 
sj'stem, as also of the reproductive organs ; the functional pecu- 
liarities of these last, and the mode of development, all reveal 
such singular anomalies as sometimes to appear quite opposed to 
some of the received fimdamental axioms m botanv. The plant 
is one of the most striking products of a land which aboimds in 
organisms so different from the ordinary living forms as to seem 
to be subject to other laws than they. But, although anomalous 
at the present period, we have little doubt that these strange 
beings represent what was the prevailing state of things at a 
period long gone by. The faima and flora of Western Africa 
are, to speak metaphorically, outliers of the present period, the 
main mass having existed in some former geological age. There 
is scarcely another place on the globe where the peculiarities of 
past life are so richly displayed in the living world. 

We have noticed above that the Welwitschia thrives in the 
most arid wastes, which seldom or never receive any rain 
throughout the year. But it must not be supposed that because 
rain does not fall that moisture is scarce. Iii these regions the 
air is intensely hot, but contains a very large quantitv of aqueous 
vapour, which is suspended during the day. At night, when the 
temperature sinks, the vapour is condensed, and the country is 
so immersed in dew, that it is said that parties may travel 
through the driest areas near the coast, yet never want water, 
provided they take means to collect it at night 

(Hooker, Trans, lAimcean Soc, xxiv. p. 1.) 
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XIPHOTEUTHIS, a genua belongiug to the family Memni- 
tidct, and remarkable for the extraordinary form of its pro- 
ostraeum, which is exceedingly well shown in some beautiful 

Specimens recently obtained by Mr. Day from the middle lias of 
orsetshire. The ordinary belemnite is generally represented in 



the fossil coiidition by a portion of its internal skeleton. This 
portion is the hollow cone or phragmacone, which is divided into 
chambers by means of septa, somewhat in the same way as in 
the chambered shell of the nautilus. The tapering extremity or 
apex of this cone is, in the animal, enveloped by a solid body. 
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ZOAMYLINE. 
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called the guard or rostrum. Attached to the sides of the 
phragmacone, and projecting in front of it, is a thin laminated 
nacreous sheath, which protected the ink-bag and other soft 
parts, and is supposed to be either homologous or analogous with 
the pen in Loltgo. In most Belemnites the form of the pro- 
ostracum is more or less oval. In Xiphoteuthis elongata the 
same parts occur as in Belemnites, The specimen found by 
Mr. Day shows the guard enclosing the pnragmacone. The 
upper termination (or what appears to be such) of the phragma- 



cone is coated with a layer of shelly matter, which passes for- 
ward into the pro-ostracum, which was nearly a foot long when 
entire. Posteriorly it is flat, and about one-third of an inch 
wide, but gradually narrows to the fifth of an inch ; then widens 
to half an inch, after which it gradually tapers to a point In 
shape, then, it resembles some old-fashioned sword. 

(Huxley, Memoirs of the GeoL Survey of the United Kingdom j 
Monograph ii 1864.) 
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n^OAMYLINE. [Starch, E. C. S.] 
ZOANTHARIA. [Actinozoa, E. C, S.] 



ZOOLOGY. Some general remarks on classification are civen 
under Birds, Bear, Hydrozoa, Actinozoa, and most of the 
other zoological articles in this Supplement. 



THE END. 
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